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THE ANNUAL MEETING 


HE thirty-fourth Annual Meeting, held December 

2 to 5, was one of the largest in the history of the 
Society, with a total registration of 1271, of which 778 
were members. Following the plan of the last two 
years, the professional sessions were to a considerable 
extent in charge of sub-committees appointed by the 
Committee on Meetings, with the result that there were 
several symposiums on widely diversified subjects 
which gave a very broad scope to the meeting. The 
chief social event was the German Dinner on Thurs- 
day evening, planned to give those who were not of the 
party visiting Germany last summer an idea of the hos- 
pitality and unusual privileges shown the visitors, as 
well as to make an enjoyable reunion for those who 
spent the time together during the trip. Of very un- 
usual interest, also, was the lecture by John W. Lieb, 
Jr., on the life and accomplishments of Leonardo da 
Vinei—one of the most remarkable lectures ever lis- 
tened to by those in attendance at an annual meeting. 

Another interesting social feature of the meeting was 
the tea and musicale given in the Society rooms on 
Wednesday afternoon under the auspices of the Ladies 
Reception Committee, Mrs. Edward Van Winkle, 
Chairman. This attracted a large attendance of mem- 
bers and guests. 

An innovation was made this year in the holding on 
Friday evening of reunions of the engineering alumni 
of various colleges, which proved so successful that it 
will doubtless be made a permanent feature. 

OPENING SESSION, TUESDAY EVENING 

As usual, the meeting began on Tuesday evening in the 
auditorium of the Engineering Societies Building, with the 
President’s address, delivered this year by Dr. W. F. M. 
Goss, on Education as a Feature in the Development of Pro- 
fessional Ideals, which is published in full in this number 
of The Journal. 

Following the address Dr. Goss read the report of the 
tellers of election of officers, when the following results of 
the ballots east were given: President, James Hartness; 
Vice-Presidents, Henry L. Gantt, E. E. Keller, H. G. Reist; 
Managers, A. M. Greene, Jr., John Hunter, Elliott H. Whit- 
lock; Treasurer, Wm. H. Wiley. 

The President-Elect, James Hartness, was next escorted 
to the platform, where he was received by the retiring Presi- 
dent, who in introducing him referred to his broad experi- 
ence in the field of industrial activity, his wide acquaintance 
among engineers, and his fine qualities as a man. Mr. Hart- 
ness in reply briefly expressed his realization of the respon- 
sibilities and high honor attached to the office of President 
of the Society, and his desire to give his best energies in 
furthering its interests. 


WEDNESDAY MORNING SESSION 
At the annual business meeting on Wednesday morning 


the reports of the Council and the Standing Committees 
were first presented. The former have already been pub- 
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lished in The Journal, and the report of the Council will 
appear in Volume 35 of Transactions. 

As a part of the required procedure, the proposed amend- 
ments to the Constitution, C-9 and C-11, were read. These 
specify more strict requirements for the grades of member 
and associate-member, raising the age requirement for the 
former to thirty-two years, and of the latter to twenty-seven 
vears. A student rarely graduates from a technical school 
until the age of twenty-two, and under the new limits he 
will have at least ten years practice in his profession before 
qualifying for the grade of member, 
associate-member. 


and five years for 


The next business in order was the report on Standard 
Threads for Hose Couplings offered at the request of the 
Sub-Committee on Fire Protection. This came as a result 
of the paper on this subject at the Spring Meeting by I. M. 
Griswold, who through consistent work for many years has 
secured the adoption of a standard by various organizations. 
The report advocates as a standard for 24-in. hose connec- 
tions a diameter of 3'/,, in. over the thread with 71% threads 
to the inch, this being an intermediary of designs in most 
general use, and thus allowing the greatest possible inter- 
changeability of hose connections. Standards are recom- 
mended for other sizes also, and sample couplings to show 
the various standards were given to the Society as a present 
from the Committee. This report was accepted. 

Following this, the Committee on the Standardization of 
Pipe Thread Gages presented a report, which was accepted. 

Then followed a long discussion of a report by the Com- 
inittee on the Standardization of Flanges. An abstract of 
this report, and the discussion which followed, appear in 
another section of this issue of The Journal. 

At the last Spring Meeting a report was presented as a 
result of the united work of the committee of this Society 
on the standardization of flanges and that of the National 
Association of Master Steam and Hot Water Fitters, advo- 
eating what was called “the 1912 U. S. Standard.” 

Since that time the Committee of The American Society 
of Mechanical Engineers through conferences with the Man- 
ufacturers’ Committee have worked out certain modifications 
of the previous report and extended the sizes. The new re- 
port is in the nature of a compromise in which engineering 
features relating to strength and safety are maintained, but 
with concessions in regard to interchangeability of fittings. 
Objections to the report were raised by several members of 
the Master Steam and Hot Water Fitters Association during 
the discussion. Upon motion of George I. Rockwood it was 
voted to present the matter for further discussion at the 
Spring Meeting with a view to bringing as many elements 
as possible into accord in the interim. 

After this discussion the Increase of Membership Com- 
mittee presented its report, which also appears in this issue 
of The Journal. This shows that 1046 applications for mem. 
bership were made during the past fiseal year, which is 
33 '/, per cent more than for the year previous. A pleasing 
event in connection with the subject of membership was the 
introduction of Amos Whitney of Hartford, Connecticut, 
eighty-one years old, who had just become a member. 
Worcester R. Warner spoke feelingly of having been one of 
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Mr. Whitney’s boys forty-five years ago, and of having 
graduated from the “ Pratt and Whitney University.” 
The diseussion of these various reports concluded the busi- 
ness meeting. 
PROFESSIONAL SESSIONS 


So much time was required for the discussion during the 
business session of Wednesday morning that the discussion 
of the first paper of the professional session which followed 
was only partially completed at the time for adjournment. 
This, together with the other papers scheduled, was carried 
over until the session on Thursday morning. Otherwise the 
program was carried out as intended. The arrangement was 
such that Thursday afternoon was left free for excursions, 
and on Wednesday afternoon and Thursday morning there 
were several simultaneous excursions, all of them well at- 
tended and successful. 


Following is the list of papers included for the meeting: 


Nores ON THE FURTHER OPERATION OF LarGE BoILers OF THE Detroit Epison 
Company, J. W. Parker 

Task SETTING FOR FIREMEN AND Marntarinine Erricrency Boi.er 
Walter N. Polakov 

Tue Properties or Steam, R. C. H. Heck 

Report oF on CONVEYING 

Dyrwamic BRAKING FoR CoaL Ore-Hanpiinc Macninery, Clark T. 
Henderson 

Sree. UnperrramMe Box Cars, George W. Rink 

Sree. Uprrr Frame Box Cars, R. W. Burnett 

Corton Conver InG SysTrMs; THEIR SAFEGUARDS AGaInsT Fire, H. A. Burnham 

SpEcIFICATIONS FOR Factory TimsBers, F. J. Hoxie 

Textite Cost Accountine, C. B. Annett and C. F. Cunningham 

Erriciency or Rope Drivine as A MEANS OF PowER TRaNsmission, E. H. 
Ahara 

CompaRaTIVE Tests OF THREE Types OF LinesHart Bearinas, Carl Thomas, 
E. R. Maurer and L. E. Kelso 

Prror Tunes ror Gas MEASUREMENT, W. C. Rowse 

Tests oF Vacuum CLEANING Systems, J. R. McColl 

TESTS UPON THE TRANSMISSION OF HEAT IN Vacuum Evaporators, E, W. Kerr 

Tae Art or ENAMELING OR THE COATING OF Steet aND IRON GLaAss> 
Raymond F. Nailler 

Gears For Macuine-Toou Drives, John Parker 

Cast-IRON FOR MacuiIne-Too. Parts, Henry M. Wood 

A Recorp or Pressep Fits, C. F. MacGill 

STANDARDIZING Macuinery, Fred H. Colvin 

A New Process or CLEANING Propucer Gas, H. F. Smith 

Present Stavus or THe Larce Gas Enarne in Evrope, Prof. P. Langer 

Tue Frre Hazarp Turso-Generators, G. S. Lawler 

EXTINGUISHING OF Fires IN O1Ls AND VOLATILE Liquips, Edw. A. Barrier 

ConTROL oF AUTOMATIC SPRINKLER VALVES, Fred J. Miller 

Tue Neep or More Care IN THE DESIGN AND CONSTRUCTION OF ELEVATED 
Tanks, W. O. Teague 

Fire Pumps, Ezra E. Clark 


WEDNESDAY EVENING 


At its meeting in Leipzig last June, the Verein deutscher 
Ingenieure voted to confer upon George Westinghouse, Past- 
President of the Society, the Grashof Medal, the highest dis- 
tinetion within its power to grant. Its safe delivery to Mr. 
Westinghouse was entrusted to the Society, and this trust 
was formally discharged at the session of Wednesday even- 
ing, December 3, in the presence of a large audience. Mr. 
Westinghouse was unfortunately prevented by illness from 
attending, and the medal was received for him by James 
Hartness, President-elect. 

The Grashof Medal was founded by the Verein in memory 
of Franz Grashof, and is granted to men who have rendered 
prominent service in the field of engineering by scientific 
work or practical activities. Mr. Westinghouse is the third 
engineer outside of Germany and the first in America to be 
thus honored. In making the announcement of the award 
at the Leipzig meeting, Dr. von Miller, president of the 
Verein, drew attention to the fact that it was not made to 
Mr. Westinghouse because of the presence of the American 
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Society at the joint meeting, but because of his services for 
the good of humanity. He spoke also of Mr. Westinghouse’s 
remarkable achievements, the invention of the air-brake, the 
development of the alternating-current system, and his sue- 
cessful introduction of the geared steam turbine for marine 
propulsion. 

A committee of its members was appointed by the Verein 
to attend the presentation ceremony on Wednesday evening, 
consisting of Geheimrath Romberg of Cologne, Herr G. D. 
Waetzoldt of the German consulate, Col. E. D. Meier, Henry 
iless, and Dr. Rudolph Hering; and the three American sis- 
ter societies, which had been invited to participate, were 
respectively represented by Charles Warren Hunt, Secre- 
tary, Am.Soe.C.E., C. O. Mailloux, President, Am. Inst.E.E., 
and A. R. Ledoux, Past-President, Am.Inst.M.E. 

The meeting was called to order by President W. F. M. 
Goss, who spoke of the honor conferred upon the American 
engineering profession in the award to Mr. Westinghouse, 
and ealled upon Col. E. D. Meier to give some account of its 
presentation. Col. Meier described the presentation of the 
medal at the Leipzig meeting in the presence of a brilliant 
assemblage, including the King of Saxony and his court, 
and read a number of cablegrams of greeting and congratu- 
lation to Mr. Westinghouse and to the Society. 

Geheimrath Romberg, acting as spokesman of the Verein, 
then addressed the audience in German, emphasizing the im- 
portance of international meetings among members of the 
same profession, as a means of bringing nations closer to- 
gether in a mutual understanding of one another’s problems. 
The Grashof Medal, he said, had been instituted in memory 
of a man prominent as an engineer, educator and writer. 
and those to whom it has been granted form a group which 
it is certainly an honor to belong to. 


THURSDAY EVENING’S ENTERTAINMENT 


On Thursday evening a German Dinner was held in the 
Grand Ball Room of the Hotel Astor as one of the features 
of the usual social evening which has become an institution 
of the Annual Meeting. Prof. L. P. Breckenridge was the 
toastmaster of the evening, and the speeches were inter- 
spersed between the courses as is the custom in Germany. 
He was introduced by President Goss, who in turn intro- 
duced President-elect Hartness, who gave the results of his 
observation of industrial Germany, and emphasized the need 
in this country of greater specialization in our large manu- 
facturing plants. 

Col. E. D. Meier explained how the German trip had its 
inception in the visit of the German engineers who came 
here three years ago in the interests of the German Museum 
at Munich. Prof. Arthur M. Greene, Jr., spoke of German 
education, and said that the researches conducted by the 
German technical schools had been of great value to the pro- 
fession largely because of the opportunity afforded for their 
publication by the Zeitschrift of the Verein deutscher In- 
genieure. He was glad to know that through the develop- 
ment of the new Journal of this Society there might 
eventually be a similar opportunity. Remarks were also 
made by Sir George Croydon Marks, M.P. 

H. L. Gantt said that the German engineer had reached 
the point which Professor Sweet hoped we some day would 
reach, for he already realized that the man who knows “ what 
to do and how to do it” is not only the equal but the supe- 
rior of the man who knows “ what was done and who did it.” 
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Group oF MEMRERS AND GUESTS AT THE GERMAN DINNER 


The menu and arrangement of the tables at the dinner were almost an exact 
duplicate of the dinner given in Germany at the Zoological Park in Berlin. The 
decorations of the ballroom were in German and American national colors, and the 
arrangement of the speakers’ table on the stage was as nearly as possible like the 
plan used during the entertainment of the American party at Diisseldorf. The 
background of the stage showed the interior of a conservatory of palms, and was 
intended to remind the diners of the somewhat similar dinner given in the Palm 
Garden at Frankfort. 


HELD IN THE Hote. Astor, THuRSDAY EVENING, DECEM BER 


Seated on the speakers’ platform were (from left to right): E. E. Keller, Oberlin 
Smith, Henry R. Towne, Rudolph Hering, H. G. Reist, Calvin W. Rice, A. M. 
Greene, Jr., Frederick R. Hutton, E. D. Meier, James Hartness, President-elect, 
W. F. M. Goss, President, L. P. Breckenridge, Worcester R. Warner, Sir George 
Croydon Marks, M.P., H. T. Clifford, Alex. C. Humphreys, Henry L. Gantt, 
Henry Hess, Privy-Councillor Fr. Romberg, James Mapes Dodge, William Kent 
Samuel T. Wellman 
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He hoped that more of our industrial work could be accom- 
plished in this spirit and by scientifically educated men as 
it is done in Germany. 

Prof. H. E. Clifford showed himself a true genius both 
by dodging the subject assigned to him by the toastmaster. 
aud by “ talking back” to the toastmaster in poetical phrases 
akin to Kipling and Longfellow. The last toast of the even- 
ing, “ The Ladies,” was given by Secretary Rice. 

Something that was appreciated by everyone was the col- 
lection of cablegrams read from the various sections of the 
Verein deutscher Ingenieure at Hamburg, Dresden, Leipzig, 
Diisseldorf, and Mannheim; from Doctor von Miller, Presi- 
dent of the Verein; from the German Museum at Munich; 
and trom Professor Matschoss, who did so much in conduet- 
ing the party through Germany. 

A vivid account of the German trip was given by Worces- 
ter R. Warner following the dinner, in which a large number 
of lantern slides made up from kodak pictures taken by 
members when abroad and from photographs of historic 
buildings were used. There were 499 in attendance at the 
dinner, and over 100 came in later to listen to the lecture, 
which all greatly enjoyed, and to join in the dance and social 
time which concluded the evening. 


EXCURSIONS 


A number of interesting excursions were provided for by 
the Excursion Committee, John J. Swan, Chairman. An 
Information Bureau was maintained throughout the meeting 
and guides appointed to conduct parties to points of general 
interest, and in addition a number of plants were thrown 
open, which were extensively visited. 

Through the courtesy of the engineering department of 
the Board of Water Supply, an opportunity was afforded 
for a visit to two of the shafts and power plants for the 
tunnel construction work on the Catskill Aqueduct in New 
York City. Shaft No. 9, at 150th Street and St. Nicholas 
Avenue, was visited first, and Roger Armstrong, section 
engineer, and Michael Quinn, superintendent of the Pitts- 
burgh Contracting Company, addressed the party on the 
engineering features involved and the equipment and meth- 
ods of excavation. After examining the surface equipment, 
the party descended into the tunnel and viewed the south 
heading where the last rock between it and the tunnel to the 
south had been removed that day. While in that heading, 
a blast at shaft No. 11, two miles to the south, was clearly 
felt by the party, and before they left the tunnel the smoke 
of the blast came upon them, giving them some idea of the 
conditions under which actual tunnel operations are pursued. 
The underground magazine for the storage of 1000 lb. of 
explosives was also shown to the party. The party then pro- 
ceeded to shaft No. 12, at 106th Street and Central Park 
West, where an opportunity was had to view the finished 
tunnel work, the conerete invert having been completed in 
the south tunnel. The party was conducted by John R. 
Healy. A group of the membership also visited the Kensico 
Dam in Valhalla, which is now approaching completion, 
under the guidance of F. v. D. Longacre. 

A visit to the new Woolworth building, the highest office 
building in the world, was attended by about forty members 
and guests. By permission of E. A. Cochran, superinten- 
dent of the building, the entire power and mechanical plant 
of the building was thrown open for inspection and much 
interest was manifested in the elevators and their safety ap- 
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pliances, the fire protection and water supply system, which 
owing to the height of the building is divided into several 
levels, the highest imposing a pressure of over 300 Ib. on 
the pumps; and the elevator equipment, where the traction 
type of elevator machines of the Otis Elevator Company are 
used, which are especially adapted for high-rise service. 
There are 26 passenger elevators of this type installed in the 
building, two of which rise to the 51st story of the tower, 
au rise of 679 ft., the highest travel for a building elevator 
in the world. Furthermore, the six express elevators operat- 
ing in the tower, are the highest speed building elevators in 
existence, being designed to operate at a speed of 700 ft. 
per minute. These elevators are protected from danger in 
falling by the air cushion method, the lower portion of each 
shaft being enclosed and heavily strengthened to serve as an 
air cushion. The party was guided by H. R. Cobleigh. 

The opportunity for an inspection of the new Grand Cen- 
tral Terminal of the New York Central and Hudson River 
Railroad attracted a large number, and through the courtesy 
ot Geo. W. Kittridge, Chief Engineer, guides were appointed 
who conducted this party through the new passenger station, 
the vards, the heating plant, and the lighting sub-station, 
and explained the operating details of the new terminal. 
For the complete presentation of the many interesting de- 
tails of the great terminal, a 16-page pamphlet, entitled 
The Mechanical, Electrical, and Sanitary Equipment of the 
Grand Central Terminal, had been prepared especially for 
this convention and was distributed to the members of the 
party and at the meetings. 
Carl Sehwartz. 

The arrangements made by the Hamburg-American Line 
for an inspection of the second largest vessel of its fleet, the 
Kaiserin Augusta Victoria, next in size to the Imperator, 
were taken advantage of by about 70. The party was taken 
throughout the ship from the captain’s bridge down to the 
steerage and stoke hole, including a visit to the engine room, 
and was conducted by Alfred E. Kornfeld. 

A party of about 200 visited the United States Navy Yard 
in Brooklyn, under the guidanee of J. J. Swan. Commander 
Hardy, assisted by other officers, conducted the visitors 
throughout the shops and yard, and through the courtesy 
of O. P. Jackson, Commander U. S. N., and Chief Engineer 
lisher, of the battleship, the party were allowed ‘o inspect 
ihe U. S. S. North Dakota, which is representative of the lat- 
est construction in modern battleships. 

The following planis were also visited: the high-pressure 
pumping stations of the City of New York; the Waterside 
stations of the New York Edison, W. W. Macon, guide; 
the 59th Street power station of the Interborough Rapid 
Transit Company, Alfred Noble, guide; the E. W. Bliss 
Company, Brooklyn, H. G. Goss, guide; the hydraulie works 
of Henry R. Worthington, Harrison, N. J., H. G. Goss, 
guide; the paper mill of the Tidewater Paper Company. 
Brooklyn, W. W. Macon, guide; and the Davis-Bournonville 
Company, Jersey City, N. J., N. B. Payne, guide. The two 
latter plants were visited for the first time at an annual 
meeting. At the Tidewater Company the manufacture of 
newspaper stock from pulp to finished paper was shown, 
and at the Davis-Bournonville plant the visitors had the 
opportunity of seeing the rebuilding of a broken tooth in a 
gear wheel, a demonstration of fire emergency equipment. 
and the cutting through of a section of armor plate with 
the oxyhydrie torch, and other interesting exhibits. 


The party was conducted by 


2 4 | 

x 

47% 
> 

% 
wages 


EFFICIENCY 


IN TECHNICAL EDUCATION A FACTOR IN THE 


DEVELOPMENT OF PROFESSIONAL IDEALS 


BY W. F. M. GOSS, CHICAGO, ILL. 
President of the Society 


| METY-ONE years ago, the Congress of the United 
States passed an act providing for the establish- 
ment of colleges in each of the several states of the 
Union.' The passage of this so-called Land Grant Act, 
more than any other single event, constitutes the foun- 
dation of technical education in the United States. It 
aided in the establishment of the Massachusetts Insti- 
tute of Technology, of Cornell University, and in due 
time of colleges or universities offering engineering 
courses in every state. Many states were slow in pro- 
ceeding under this act and some, which to-day have 
flourishing universities, had not then been admitted into 
the Union. As a consequence, technical education, as a 
national movement, did not have its beginning until the 
early seventies, or approximately forty vears ago. 
The coming of the technical school, whether as a 
department of the state university or otherwise, was 
not in any large sense the result of active interest on 
the part of engineers. It came as the unfolding of 
an educational movement inspired and sustained 
by scientists and educators.® It came as an expression 
of a nation’s desire to emphasize the importance of 
science in its relation to the every day work of man- 
kind. It came when our country’s engineering indus- 
tries were young, when engineering practice was 
‘This “Land Grant Act,” sometimes referred to as the 
“ Morrill Bill,” in honor of Representative, and afterwards, 
Senator Justin S. Morrill, of Vermont, who labored through 
several sessions of Congress to secure its passage, was signed 
by Abraham Lincoln, July 2, 1862. It granted to each state 
in the Union 30,000 aeres of land for each senator and repre- 
sentative to which it was entitled in the Federal Congress, 
for the purpose of promoting “the liberal and practical 
education of the industrial classes in the several pursuits 
and professions in life.” It has recently been referred to 
by a distinguished educator as “the greatest endowment of 
higher education ever made at one time by the act of any 
legislature.” 
*This statement does not disregard the fact that engineer- 
ing education under private auspices began earlier than in- 
dicated. The Rensselaer Polytechnic Institute was founded 


in 1824, incorporated in 1826, and reorganized under its 
present name in 1849. 

*’n connection with this statement it will be of interest to note 
that President Edmund J. James of the University of Illinois, ina 
paper entitled “The Origin of the Land Grant Act of 1862,” has 
shown that Jonathan B. Turner. at one time professor in Illinois 
College at Jacksonville, Ill., deserves the credit of having been the 
first to formulate clearly and definitely the plans of a national 
grant of land to each state in the Union, for the promotion of 
agriculture and the mechanical arts, and of having organized and 
continued to a successful issue, the agitation that made possible 
the passage of the bill. 
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guided by precedent rather than by mathematical 
analyses, and when those who were skilled in leader- 
ship were also skilled in the manipulative processes of 
their art. It came when the industries offered few in- 
ducements to a young man whose chief claim to their 
attention was the fact that he had studied books, and 
when the limitations of the employer often made it 
difficult for him to appreciate the qualifications of such 
an applicant. The practical men, therefore, expected 
the new school to train its students in practice rather 
than in theory, to do things rather than to know facts; 
they looked to the school for a preparation which 
should be kinetic rather than potential. 

The technical school was not unsympathetic to this 
expectation. It gave early evidence of a desire to meet 
the reasonable demands of those to whom its graduates 
inust go. It gave generous attention to courses in shop 
practice, in field work, in drawing, and in designing. 
It introduced certain text-book courses, largely descrip- 
tive, and in many other ways it emphasized the more 
practical aspects of the engineer’s work. By so doing, 
the school met an immediate need, gained for technical 
education the good will of the leaders of industry, and 
laid the foundations for a degree of popular support, 
which, in process of time, transformed the simpler be- 
ginnings of nearly half a century ago into one of the 
world’s greatest undertakings in higher education. 

But, in giving their response to the immediate needs 
of the industries, the early leaders in technical educa- 
tion rarely lost sight of the possibilities of science as 
a means to the development of correct theory. Under 
the guidance of such men as Rogers, Runkle and 
Thurston, the art of the teacher was so combined with 
processes common to practice, that even training in 
practical things became an important educational in- 
fluence. Shop courses and drawing courses became 
new expressions of an educational function. The study 
of things practical was put upon so high a plane that 
the attention of the student was secured, his power 
of observation increased, his view broadened and all 
his conceptions stimulated. Moreover, while admitting 
courses of a practical nature, the early leaders in 
technical education did not limit their scheme of in- 
struction to such courses. They construed the federal 
law liberally. They utilized the popular interest in 
more simple applications of science as an argument 
for the encouragement of work in more complex fields, 
and, as the usefulness of the men trained under these 
leaders became more and more apparent, an extension 
of their plan of work became possible. Courses of 
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instruction were extended. Descriptive work gradually 
gave way to work which was more mathematical. Great 
laboratories for instruction and research were estab- 
lished, until the American student finds at home edu- 
cational facilities for which he formerly went abroad. 
Meanwhile the every-day citizen, who is the normal 
supporter of the great state university, is coming to 
understand something of the breadth of the eduea- 
tional problem which is presented by the activities of 
the technical school. He has seen the number of its 
students multiply, and its graduates become leaders in 
the work of great industries. Questions affecting the 
support of the technical school have sometimes ap- 
peared as political questions, and in his discussions of 
these the normal citizen has not been found lacking 
in his appreciation of the technical school. Engineer- 
ing education now suggests something more to him 
than a class-room. He understands that efficient in- 
struction must find expression in the applications of 
science and in the promotion of scientific research. 
These are important conceptions, and the fact that 
they are entertained by the public suggests the great 
influence already exerted by the technical school. 
The American technical school stands today on the 
threshold of great achievements. Its pioneer days are 
nearly over. The fruitage of two generations of edu- 
cational effort is now in evidence. Captains of in- 
dustry no longer look in doubt upon the technical 
graduate; they give him work. Public confidence in 
the new education has been won and its permanent 
support is assured. What of the future? To what 
new attributes must the technical school give expres- 
sion and what new responsibilities should it assume ? 
These are questions which today confront the school, 
and they are questions also in which the membership 
of The American Society of Mechanical Engineers 
may. well be interested, for the technical school and the 
professional society are partners in a common cause. 


An attempt to outline the problems of the technical 
school must recognize the fact that great advances in 
any art or profession await the coming of great men. 
The modern need in the field of engineering is for 
men who can perform the exceptional task; for men 
who are safe keepers of their brothers’ interests; for 
men whose qualities of character are so sound and 
strong that they instinctively perceive the way of trath 
and follow it; for men whose activity and understand. 
ing detect the defects in established practice and find 
a way to improve that practice; for men who so well 
understand the fundamental principles of science as 
to be able to predict the effect of the next step before 
it has been taken; for men, in fine, who can rank with 
the world’s great leaders in science and industry. I 
conceive it to be the prime purpose of the technical 
school to make its contribution toward the develop- 
ment of such men. 

It would seem unnecessary to remind an audience of 
professional engineers that the achievements of the 
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technical school ceuter in the quality and streugth of 
its instructional staff. The present-day need is tor im- 
creased strength of staff. All honor is due the fine 
coterie of men who, undertaking the work of the tech- 
nical school a quarter of a century or more ago, have 
adhered to their task in the face of discouragement at 
great personal sacrifice and with a spirit that has been 
fine and even heroic. But retrospect, however satis- 
factory in itself, will not solve our future problems. 
Great leaders in the work of the technical school are 
few, and the unfortunate fact is that throughout the 
years that are past few men have been in training 
Where the service now demands many. There are many 
reasons for this. An important one is to be found in 
the limitations which have been put upon the salary 
budget. The man who builds great bridges or who 
directs the activities of a great industry, is none too 
gifted to guide the efforts of ambitious youth, and 
hold before the student large ideals of life. And yet, 
in the industries a man may receive in a month an 
amount equivalent to the annual salary of many col- 
lege professors. It is clear to all who know the field 
that while the school must suffer some years to come, 
through its deficiencies in the past, a new policy should 
be entered upon as speedily as possible. It should be 
expressed in such terms as will convince the excep- 
tional man, looking for a career, that it will be worth 
his while to prepare himself by study, by professional 
practice, by travel, by activities as a scientific inves- 
tigator, by every process which can develop and 
broaden, for a life-work as a member of a college 
faculty. Few among American technical schools can 
today offer professorships which in themselves are suf- 
ficiently attractive to justify a young man in securing 
for himself so elaborate a preparation. The remedy 
cannot ordinarily be applied by the college itself; it 
must come as the result of interest shown at the sources 
of financial supply. In the great state universities it 
must be the result of public appreciation of the need; 
you, I know, will realize that public appreciation, 
though a plant of slow growth, may be cultivated by 
many different agencies. 

Not only is it required in the interest of higher 
efficiency that the American technical school have an 
instructional staff of the highest possible quality, but 
it is also required that such a staff be not overburdened 
with routine duties. The American youth is greatly 
influenced by the personality of his instructor. While 
the exceptional student will view his problems broadly, 
will add his own personality to that which the pro- 
fessor gives and thus work out large and vigorous con- 
ceptions, the normal student is as a disciple following a 
master; he admires the master’s skill, he thinks in 
terms of the master’s thoughts and is very likely to be 
influenced by the master’s limitations. If the engineer- 
ing graduate sometimes degenerates into an animated 
slide rule, may it not be possible that he has been in- 
stinctively led to such a career through ill-conceived 
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tread-mill processes in the class-room? If so, the 
remedy is to be found in reforming the work of the 
class-room, and one sure road to such a reform is that 
which opens the way whereby men of large caliber may 
have time in which to impress themselves upon their 
students. The technical school is greatly in need of 
simple living and high thinking. Simple living is 
easily attained unto, but high thinking, in its essence, 
involves a certain element of leisure, or perhaps free- 
dom in the choice of one’s occupation, which after all, 
is but another term for leisure, and no atmosphere 
surcharged with high thinking can prevail on a campus 
where every individual student and professor is per- 
petually keyed up to concert pitch in an endeavor to 
accomplish an assigned task. This is a matter in which 
our English and German neighbors can, by the trend 
of their procedure, disclose much which will be service- 
able to the American technical school. 

The importance of superior leadership in the school 
is emphasized by the fact that the attitude of the 
American student reflects rather faithfully the chang- 
ing spirit of the times. His parents in their home, 
though perhaps living unpretentiously, no longer pur- 
sue the quiet and simple ways of former days. They 
have their part in the complexity of the modern busi- 
ness and social life. It is not surprising that their son, 
the student of today, finds some difficulty in settling 
down to the quiet routine of the cloister. He is more 
likely to combine with study the social and athletic 
activities of the college. The encouragement of fellow- 
ship with men, as well as of study, is in fact recognized 
by the school authorities as a legitimate function of 
the university. The danger appears in a disposition on 
the part of students to segregate their activities, to 
regard their study as work and their athletics as play. 
Comparisons growing out of such distinctions are to 
the disadvantage of the student’s occupation. The 
habit of placing the emphasis continually on the joy 
of the play, prevents him from feeling the joy of the 
more intellectual pursuits and it encourages half- 
hearted study. It is here that masterful leadership 
in the classroom will assert itself. The joy of scholastic 
achievement is best made plain by the introduction 
and maintenance of inspiring views depicting the mean- 
ing of a life of service coupled with the conception that 
student days are part of such a life; that student days 
are not merely a preparation for life, but that they 
are life. 


Masterful leadership eliminates entirely the feeling 
once entertained by the students, that the instructor 
is a taskmaster, and that to be obedient to him, the 
student must perform the task. The great teacher, 
freed from the burden of excessive routine, may easily 
recognize differences in ability and will encourage the 
student who must plod and inspire to unusual per- 
formance the brilliant student who knows no limit to 
his achievement save his physical strength. 
Assuming the technical school to be in possession of 
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an ideal instructional staff, the way will open for 
progress through many channels of secondary im- 
portance. It is altogether possible that in our present- 
day routine too much time is given to things which 
are simple. Much that is now studied may perhaps be 
read. The habit of studying intensely a few books to 
the entire exclusion of the great mass of historical and 
biographical engineering literature affords the student 
but little opportunity of acquiring a habit of rapid and 
intelligent reading, which in itself is an accomplish- 
ment worth striving for. The practice of the shop 
laboratory, the drawing-room, the surveying field and 
the study of descriptive texts, rightly interpreted, are 
important adjuncts in the training of the engineer, but 
the time has ceased to be when such activities consti- 
tute the chief characteristics of the technical school. 
Year by year the technical school has increased the 
emphasis given to processes which are mathematical. 
The progress of the next decade will be seen in the 
thoroughness with which high standards in such work 
are accepted and advanced. The intensive work of the 
course must be based upon fundamental theory, and 
the fields to which such theory is applied must be 
broadened. The engineering graduate is no longer re- 
quired to be prepared to operate machines, but he must 
have a well-trained mind and he must possess power 
to perfect his qualifications along any specialized lines 
in the shortest possible time. To this end, the years in 
college must be spent in acquiring an understanding 
of principles and in the development of those aspects 
of theory which are difficult to acquire after one’s col- 
lege days are over. 

The aspirations of many students will not be satis- 
fied by the possibilities of a four years’ course, and for 
these graduate work must follow. In making this 
assertion I do not forget that in this country graduate 
work in engineering has thus far received but little 
attention, but this is due rather to our immaturity 
than to the fact that we do not recognize its need. 
The time is at hand when the services of the scholarly 
engineer, the man who through his perfect command 
of fundamental theory can visualize a cause from its 
effects, will be in great demand. The manufacturing 
industries, the great commercial laboratories of our 
country and the colleges themselves are in need of men 
who have done more work than any one can accomplish 
in the normal four years of a college course. The 
problem of graduate work in engineering is therefore 
a national one, and it is worthy of note that a number 
of universities and technical schools are now holding 
before the public visions of its value. 

The American technical school has already accom- 
plished much in the development of laboratories. While 
it has used them thus far chiefly as facilities for in- 
struction, it has always recognized the fact that there 
are other and equally important functions to be per- 
formed by them. The laboratories of a considerable 
number of schools have made important contributions 
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to the sum of human knowledge. 
gestive of future possibilities. The practice of men 
must be guided by facts. The technical school cannot 
content itself with routine service. It must enshroud 
its classroom and its laboratories with an atmosphere 
of scientific achievement; its professors should be 
leaders not only as classroom instructors, but nation- 
wide leaders, even world-wide leaders in the complex 
and highly diversified fields of the science which they 
represent. The laboratories available for the use of 
such men should multiply. Every technical school 
should aid, as individual schools have already aided, 
in setting forth new interpretations of physical 
phenomena. The laboratory must be more than a shop, 
more than an engine room, more than a collection of 
testing machines. No great laboratory can be ordered 
ready-made. Jt cannot be produced in response to a 
decree. Whatever its dimensions or its cost, it can be 
great only in so far as it reflects a purpose which is 
scientifically sound, and employs means which are 
scientifically correct. Its significance is necessarily 
limited to the qualities of the men who ereate and 
operate it. A Jaboratory which has been evolved 
through the activities and desires of a master is not 
only priceless for the school that possesses it, but neces- 
sary as a source of information of the highest value, 
to the field of practice which it is designed to serve. 
The chief engineer of a great railway system, in writ- 
ing of the work of a certain college laboratory, has 
recently certified in terms which are clear and em- 
phatic, to the value of principles affecting the design 
of certain structures which had been developed by the 
laboratory and extensively used by the corporation 
which he served. Illustrations of similar import will 
occur to all readers of technical literature. Assuming 
that the country has need of research laboratories for 
purposes quite apart from the work of instruction, it 
ean, I think, be shown that the technical school con- 
stitutes the most promising agency in our national 
economy upon which to place the responsibilities in- 
cident to their creation and maintenance. 

In concluding this phase of my discussion, I must 
not fail to recognize the contributions of members of 
this Society to the upbuilding of the American tech- 
nical school. I do not forget that some of our members 
are university, college or technical school professors ; 
that others are presidents, and still others are officers 
or members of administrative boards. They will read- 
ily understand, however imperfect my language, the 
significance of the matters which I am endeavoring to 
emphasize. To those of you who have a lay interest 
only in technical education, let me suggest that you do 
not always time your visits to your Alma Mater to 
make connection with a great football game or a great 
baseball game, but that you make some visits at a 
time when you can show interest in the academical 
progress of the student body; not because the game is 
unworthy, but that you may secure some understand- 


This fact is sug- 
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ing of the students’ achievements in severely scholarly 
eitorts, which after all is the measure by which the suc- 
cess of the school must ultimately be judged. 

The relation existing between the standard of in- 
struction in schools which prepare for a profession and 
the ideals of the profession have already been sug- 
gested and in their general aspects are obvious. The 
fact that educational institutions of high standing are 
sending out each year into the engineering pursuits of 
our country more than 2500 graduates, nearly 1000 of 
whom enter the field of mechanical engineering, sug- 
gests the basis for this relationship. The technical 
school is, in fact, recruiting and otherwise stimulating 
the engineering work of the country. Its more im- 
portant contributions may be summarized as follows: 

First, the work of the school tends to emphasize the 
dignity of the calling. Professionalism as distin- 
guished from the art or practice of engineering is after 
all a question of quality. Professionalism is breadth! 
In our ambition to have a large part in the world’s 
affairs we sometimes forget the fundamental source of 
power. We sometimes think too much of honors and 
too little of service; we desire the position before we 
are qualified to discharge the responsibilities it imposes. 
Our strivings must be for fitness. Progress in advane- 
ing the ideals of our profession will depend upon the 
character of the service rendered by the members of 
the profession. If every practitioner in the field of 
Mechanical Engineering possessed character and ability 
responding to our highest ideals, no one would ques- 
tion the right of mechanical engineers to regard them- 
selves members of a profession. The technical school 
makes its contribution to the upbuilding of profes- 
sional ideals by sending trained men into the pro- 
fession. 

Second. a service which the technical school is ren- 
dering the profession of engineering is that of con- 
tributing to the sum of its scientific data. Engineer- 
ing as a science has made progress by leaps and bounds ; 
rule of the thumb has given way to the rule of the 
mathematician. But notwithstanding all that has been 
accomplished in his direction, there are as yet but few 
departments in the field of mechanical engineering in 
which the basis of design is actually perfected. Further 
progress awaits the establishment of facts concerning 
such matters as the behavior of constructive materials, 
of lubricating films, of combustible mixtures, and of 
liquids and gases employed in thermo-dynamie proc- 
esses as vehicles for the transmission of heat. The 
American engineer who has hitherto been occupied 
with the so-called practical aspects of his profession 
has concerned himself less than have the engineers of 
the great empire across the sea, with the work of the 
scientist. We, as engineers, need to train ourselves to 
a condition of mind which will make studious processes 
less difficult than at present. Along this line of en- 


deavor the researches of the technical school will aid 
the profession by establishing new standards of pro- 
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ficiency, and by making new contributions to the exist- 
ing fabric of facts. 

Third, an important contribution which the school 
is rendering the profession of engineering is that of 
emphasizing the profession’s unity of purpose. The 
college graduate has had at least four years’ training 
in teamwork. A majority of the student organizations 
with which he has been associated has maintained 
extra-mural affiliations. The college fraternity, the col- 
lege Y. M. C. A., the college athletic activities would lose 
much of their significance if their whole thought and 
action were restricted to the home campus. In inter- 
collegiate contests the desire is not in any large sense 
to win over a neighbor, but to win as an achievement. 
A graduate of Wisconsin finds a friend when he meets 
for the first time a graduate of Illinois, and a member 
of the faculty of one institution, upon a trip of visita- 
tion to a neighboring institution, is sure to find him- 
self among those who cheer and stimulate him. This 
intercollegiate spirit of fellowship has become a na- 
tional asset—it persists when the day of graduation 
has passed. It represents a spirit which, in the busi- 
ness and professional world, conserves and upbuilds. 
It is working out the world’s great problems of mutual 
respect, of mutual help and of concentration of pur- 
pose. In the development of our future ideals and 
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practices, tradition and prejudice are likely to play a 
steadily diminishing part, and the spirit of fellowship, 
inherited from college days, a part of steadily increas- 
ing importance. 

Whatever may be the nature of the contribution of 
the technical school to the ideals of the profession, the 
extent of the contribution is a function of the quality 
of the school. Letter instruction in the school must 
supply better recruits for the profession, greater ac- 
tivities in scientific researches on the part of the school 
must operate to increase the facility with which the 
problems of the engineer are solved, and influences in 
the school which tend to extend the student’s horizon 
and broaden his sympathies, will in due time make 
their impress upon the professional life outside of 
the school. That is, efficiency in technical education is 
a factor in the development of professional ideals, 
and hence a matter of prime importance to this society, 
as well as to all other organizations of engineers. I 
have presented this discussion because I believe that 
the problems of the technical school should not be left 
to the school master, for, broadly interpreted, they are 
not the problems of the school but the problems of the 
profession. As such they should, I believe, receive 
painstaking and persistent attention from this and 
other engineering societies. 
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COTTON CONVEYING SYSTEMS: THEIR 
SAFEGUARDS AGAINST FIRE 


By H. A. BurnuaM, WaLTHAM, Mass. 


Member of the Society 


The purpose of this paper is to describe briefly 
methods of limiting the number and extent of fires 
such as occur from known causes in cotton mills in 
connection with the preparing processes of opening 
and picking. Such fires form from 50 to 75 per cent. 
of all the cotton mill fires reported. The particular 
point in these processes to which attention is directed 
is the mechanical arrangement of the conveying ap- 
paratus used for transferring the cotton from the bale 
opening room to the picker room. 

The methods described are the results of the ex- 
perience of many of the best known cotton mills in the 
northern and southern states, whose co-operation with 
the Associated Factory Mutual Fire Insurance Com- 
panies has been instrumental in developing this class 
of apparatus along the present lines of greatest safety 
and efficiency. There are records of many instances 
in which, by the observance of the simple precautions 
described, troubles from fire formerly occurring with 
great frequency and regularity have almost entirely 
disappeared. 

The usual machinery for the above work consists of : 

a A bale breaker or opening machine having 
a spiked apron moving at moderate speed 
at the rear of a square iron hopper, which 
is fed by hand or by a mixing apron with 
lumps of cotton from the bale. This ma- 
chine loosens up the matted cotton, allow- 
ing any heavy foreign substance to drop 
out, and delivers the loose cotton uni- 
formly to the conveyor. The general ap- 
pearance of this machine is shown in Figs. 
1 and 2. 


b The conveyor, either pneumatic or mechan- 
ical, or both, carrying the loosened cotton 
to the picker room. Fig. 2 shows the feed- 
ing-in end of a pneumatic conveyor, and 
Fig. 4 shows a mechanical conveyor. 

c The pickers which have hoppers and feed- 
ing rolls to deliver the fiber to iron cas- 
ings containing rapidly revolving metal 
beaters. The latter, with the assistance of 
air currents, separate the fiber from the 
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dust. A line of these hoppers being fed 
by a mechanical conveyor, is shown in Fig. 
4, and another line in Fig. 3, without any 
feeding mechanism. 

As fires are almost sure to occur if heavy foreign 
material or matches enter the pickers or the fan of 
a pneumatic conveyor, it is important that all such 
material be removed at the bale breaker or before it is 
reached and that the various parts of the conveyor 
be properly arranged. 

None of this foreign material is more difficult to 
remove than matches, as they weigh too little to sep- 
arate readily from the cotton by ordinary means. In 
this matter more than in any other, preventing the 
matches from entering the stock is the only true solu- 
tion of the problem. This has been actually accom- 
plished in some mill properties by providing the help 
with safety matches to the exclusion of all other kinds. 

PNEUMATIC CONVEYORS 

The pneumatic cotton conveyor as it exists to-day 
is the outcome of attempts made in earlier days to 
save tue labor of trucking baled cotton from the store- 
house to the picker room. Mills having storehouses 
separate from their manufacturing rooms, and espe- 
elally the larger mills, found this labor a considerable 
item. 

At that time it had been common practice to con- 
vey damp cotton from dye house to drier by blow- 
ing it through a long sheet metal pipe attached to the 
discharge outlet of a pressure blower, the stock being 
fed in through the suction inlet of the blower (see a, 
Fig. 5). In applying this method to dry cotton fed by 
hand, however, fires in the blow pipe were common, 
and the air blast made them so intense that the ar- 
rangement in this crude form was considered far too 
risky for general use. 

In many kinds of work the action of the air on 
the cotton in transit was found to be beneficia. to sub- 
sequent working of the cotton; so much so, indeed, 
that manufacturers who had not at first thought it 
worth while, wished to use the blowing system. 

The causes of these fires were found to be for- 
eign substances in the stock, such as bits of iron, 
stones, or matches which had been carelessly dropped, 
or the wedging of the cotton in the fan casing due to 
the feeding in of masses which were too large to pass 
through. In some cases this fault was aggravated by 
the too small clearance in the fan between the blades 
and casing. 

The number of fires with this arrangement was 
considerably reduced in some cases by using blowers 
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having bronze blades. The introduction of the bale 
breaker or opening machine above mentioned in place 
of the irregular hand feed also contributed materially 
toward the elimination of fires from these causes (see 
b, Fig. 5.) 

The general introduction of the cotton condenser 
in its improved form, however, furnished means 
for avoiding the objectionable blast of air and 
cotton in the bin or room, and of operating the entire 
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Fic. 5 DIAGRAM SHOWING DEVELOPMENT OF SUCTION SYSTEM OF 
Pneumatic Cotron CONVEYOR 


system under suction instead of under pressure. This 
advantage of operating under suction entirely, how- 
ever, was not at once recognized, and many systems 
were installed with the stock blowing through the fan 
discharging to the condenser (see c, Fig. 5), or with 
a1 auxiliary fan beyond the condenser smaller in 
size, and known as a dust fan (see d, Fig. 5). 

The condenser consists of a slowly revolving cylin- 
driecal screen in a casing, with air pipe connec- 
tions so arranged that the air current in passing 
through it, deposits cotton on the outer surface of the 
screen from which it is removed by a small roll, the 
cotton dropping lightly from this roll. 

The final step to the present practice was to elim- 
inate the blow fan, and to make the dust fan 
large enough to produce the necessary air current, 
thus making the cotton-carrying part of the system 
entirely under suction (see e, Fig. 5). 

By placing the condenser and the cotton inlet both 
on the suction side of the fan, as in Fig. 5e, or 
both on the discharge side of the fan, as in Fig. 10, 
no stock passes through the fan, and with systems so 
installed fires are a rare occurrence. For convenience 
in reference, the former is termed ‘‘ Suction System ’’ 
and the latter, ‘‘ Pressure System.”’ 


SUCTION SYSTEMS 

Under the most favorable conditions, pneumatic 
systems operated under suction have suecessfully 
handled through pipes up to 900 or 1,000 feet in 
length, quantities up to 4,000 lb. of cotton per hour. 
The limiting distances and weights of cotton are de- 
termined by local conditions such as size and tightness 
of pipes, number of bends, uniformity of feed, and ad- 
justment of air passages through the condenser. 

The sketch, Fig. 6, shows a modern safe cotton- 
conveying system taking cotton from an opening 
room through a suction pneumatic conveyor and de- 
livering through a condenser upon a mechanical con- 
veyor by which the cotton is carried to various points. 
This combination represents the best modern practice 
in the larger mills. In mills handling various staples, 
the discharge is often into bins instead of into ma- 
chines. 

In planning a new system for cotton conveying and 
distributing, or in remodelling an old system, the 
following conditions in the relative arrangement of 
parts should be approached as closely as possible in 
order to eliminate unnecessary fire hazards: 

(a) Removal of Forcign Substances.  Pro- 
vision should be made for heavy  sub- 
stances to drop out of the stock before en- 
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Fic. 6 Suction Pneumatic System TAKING CoTTtoN FROM AN 
OprENING Room AND DELIVERING TO A MECHANICAL Con- 
VEYOR FOR DISTRIBUTION 


tering the conveyor pipe. This can be 
done by having the cotton pass vertically 
upward into the conveyor pipe, shaping 
the inlet like an inverted funnel or box 
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over the feed table or apron, and making 
the vertical part of the pipe about 12 ft. 
high (see Fig. 6). To obtain the desired 
vertical height it is sometimes necessary to 
use a long radius inverted U. 

(b) Location of Fan. The fan should be so 
located that no cotton will pass through it. 
In cases of extreme length this condition 
can be met by installing two separate sys- 
tems in series with a relay station at 
which the condenser of the first system dis- 
charges to the inlet of the second. 

(c) Disposal of Air Vents. Air currents 
from the system should not discharge into 
the main rooms. This condition is usually 
met by discharging the air direct to the 
dust room. 

(d) Location of Pipes. Long pipes should 
be generally located outside of main rooms 
and should not pass through important 
fire walls or floors. Trouble from conden- 
sation inside the conveyor pipe in cold 
weather, which sometimes arises, may be 
avoided by providing an auxiliary cold air 
inlet (see EF, Fig. 6), and in difficult cases 
by covering the conveyor pipe, where out 
of doors, with non-conducting covering. 

“4 Pipes should have joints riveted in addi- 
tion to being soldered and have suitable 
handholes for cleaning. This is to guard 
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against breakage of the pipe in case of fire 
from inside or outside the pipe. 


VARIATIONS IN ARRANGEMENT 

Variations from the arrangement shown in Fig. 
6 are frequently necessary, depending on the number 
of varieties of stock, the quantity, quality, and dis- 
tance to be carried, as follows: 

(a) Omissicn of Bale Breaker. In the open- 
ing room of the smaller mills, the bale 
breaker or automatic feeder is often 
omitted and the cotton fed from a pile pre- 
viously shaken out by hand from the bale. 
In this case the stock should be fed across 
a slatted movable table under the inverted 


cone of the inlet pipe (see Fig. 7). Uni- 
form hand feed, however, is difficult and 
without the automatic feeder, frequent 
clogging of the condenser may result. 

(b) Omission of Mechanical Conveyor im 
Opening Room. In some of the older sys- 
tems or where more than one pneumatic 
conveyor is to be fed, the mechanical con- 
veyor in the opening room is sometimes 
omitted by forming a pipe connection be- 


' From Opening 
i oom 
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Fic. 9 PLAN SHOWING ARRANGEMENT IN PickeR RoomM WITH 
MecHANICAL CONVEYOR OMITTED 


tween the automatic feeders and_ the 
branches to the conveyor pipe. In such 
cases this connection may be in the form 
of a flattened conical pipe sloping down- 
ward and having an opening at the lowest 
point opposite the upward turn where 
heavy material may drop out (see Fig. 8) 

©) Omission of Mechanical Conveyor in 
Picker Room. At the picker room end, in 
ease several staples are used, the mechan- 
ical conveyor is often omitted and the cot- 
ton delivered direct to bins through con- 
densers. Under these conditions the con- 
densers may be piped in parallel with 
proper switehes and the same fan used for 
all (see Fig. 9). 


PRESSURE SYSTEMS 

In handling cotton mixed with some wool, as in 
knitting mills, felt mills, or colored cotton mills using 
a large variety of colored stock, pneumatic systems 
are usually operated under pressure instead of sue- 
tion. The reasons for this are, that (a) stock econ- 
taining above a small percentage of wool cannot be 
successfully handled with condensers, the greasy 1a- 
ture of the wool causing it to stick and clog the 
mechanism; and (6b) in handling colored cotton the 
bins are often so small and numerous that the use of 
a condenser for each is impracticable. Mechanical 
conveyors are also objected to by manufacturers for 
handling colors on aecount of the liability that small 
tufts of stock caught in the mechanism will afterward 
find their way into lots of another color. 

The pressure system improperly installed is dan- 
gerous to life and property, as the strong blast of 
air intensifies any fire in the pipe or near its outlet. 
The safest arrangement of such a system is obtained 
by observing the conditions already stated regarding 
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location and construction of pipes for suction systems, 
and also the following conditions : 


(a) Location of Fan. With a pressure sys- 
tem, both the inlet and outlet for the stock 
should be placed on the discharge end of 
the fan. The stock may be introduced into 
the pipe by means of a hopper having at 
its bottom a vane or nozzle projecting into 
the conveyor pipe at such an angle as to 
cause an injector-like action at the point of 


Pic. 10 ARRANGEMENT OF INJECTOR INLET FOR PRESSURE 
SYSTEM 


inlet (see Fig. 10). This device is prac- 
ticable, however, only for distances up to 
about 75 ft. Another method adapted for 
longer distances is to use a pair of flexible 
surfaced rolls forming the upper part of 
an air-tight feed box (see Fig. 11). 

(b) Vents. At the delivery end, with either 
of the above arrangements, the pipe should 
terminate in a bin, with tight walls, with 
vent through a screen piped to such a 
point that no blast of free air can enter 
any important room. 


MECHANICAL CONVEYORS 
As with the best of machinery and with all the 
safeguards thus far described, all fires cannot be elim- 
inated from the picker room, it is important that the 
extent of such fires as may still occur be made as small 
as possible. This is especially desirable in mills which 


Fic. 11 ARRANGEMENT OF FEED Box INLET FoR PRESSURE 
SYSTEM 


store temporarily in bins in the room considerable 
quantities of opened cotton of various long staples. 
Mechanical conveyors are often used between 
the opening room and picker room bins. In such 
cases these rooms are usually near each other. The 
older method of passing these conveyors through open- 
ings in partitions between adjoining bins has proved 
objectionable, as fire may enter several bins at the 
same time. To avoid this objection the conveyor can 
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be placed over the tops of the bins, discharging 
through protected traps in the top. This arrange- 
ment requires considerable head room. 

Another arrangement is to place the conveyor 
high up at the front or rear wall of the bin and dis- 
charge it through small protected openings in the 
wall. This can best be done where the bins are not 
deep from front to back, and where the conveyor has 
discharge from its side (see Fig. 12). In either case 
the openings for feeding bins from mechanical con- 
veyors should be protected by tin covered shutters in- 
terlocking with the switch of the conveyor so each 
shutter will be open only when its bin is being filled. 


SPRINKLERS 
Having limited the number and extent of fires, 
the matter of controlling promptly those which do 
oceur, should be cared for. In addition to the auto- 
matie sprinkler equipment always needed at the ceil- 


A - Vertical conveyor bringing up cotton 

B-Horizontal conveyor distributing cotton 

C-Bins 

D- Opening through which cotton passes 
to bins 

E- Shutter in bin opening 

F- Switches on conveyor 


G- Link connecting Shutter and switch, 


Fia@. 12 Mecuanicat Conveyor so Locatrep as TO DIsCHARGE 
THROUGH PROTECTED OPENINGS NEAR Top or BINS 


ing of the cotton working rooms, sprinklers should be 
placed in the bins, in the condensers, under traveling 
aprons, inside and under picker trunks and close over 
the cotton in the hoppers of the automatie feeders. 


DISCUSSION 


Atsert W. THompson. Referring to the objection of 
Mr. Burnham to the using of relay fans, through which the 
cotton can pass directly, in cases of extreme length, in 
place of making substantially two systems, that the cotton 
in passing through the fan is likely to strike a fire due to 
the clogging, possibly from a poorly installed fan, from 
hot-bearings at the fan, or foreign substance passing 
through, if they get by the first point where they are sup- 
posed to drop out, do I understand this statement is based 
on actual experience? I have seen one or two systems of 
considerable length arranged in that way, and I do not re- 
eall now ever having seen a fire traceable directly to the 
fan. Most fires have originated in some other place, either 
in the opening room, where a device something like a picker 
is sometimes used for tearing bleached or dyed cotton, and 
where matches sometimes start fires; or at the finisher 
picker roum at the other end of the system; but I do not 
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recall having seen a fire, directly traceable to the use of a 
relay fan. 


C. J. H. Woopsury. I believe this paper is the first of its 
type which has been presented before any of the technical 
societies. That these occurrences in and of themselves are 
not preventable in any given instance appears to be con- 
ceded by Mr. Burnham, who correctly represents the prac- 
tical experience in the matter. Many years ago, plosphor- 
bronze picker blades were introduced because they would 
not strike fire, or so it was stated; but whether that alle- 
gation was proved in practical experience beyond a dimin- 
ution of such fires, is extremely doubtful. There is one 
class of distribution of such fires where it has been pre- 
vented, and that is the fires caused by striking in the picker 
and spreading down into the dust-room below, and then 
backing up through the dust flue into another picker which 
was not then in use. That has been prevented by unbal- 
anced dampers at the end of the dust flues, so that when a 
picker was not in use, those dampers would naturally close 
and prevent that. I would like to ask the speaker if the 
principle of the automatic link, which has been applied so 
successfully to fire doors has not also been applied to 
dampers in these flues, so that whenever a fire oceurs a flue 
would be closed at a very early stage in the story? 

The illustrations represent the method of feeding the 
opener or bale breaker directly over open bales of cotton; 
whereas in many mills they put an ageing pile for the pur- 
pose of letting the cotton receive the air, and also get the 
effect of time in resuming its spirility, and its contact with 
other fibers, which it has lost by the compression it has 
undergone in the bale. There are various types of these 
ageing stacks in the English mills. They use them for the 
purpose of blending the various grades of cotton, or of 
mixing with the cotton the card waste, to the extent of 
making a new art almost in the blending of cotton for 
specific purposes, of which the American cotton manufae- 
turers, I regret to say, know practically nothing. The cot- 
ton is put in strata in the pile from the various types of 
cotton, the Egyptian cotton, the American upland, and not 
forgetting as large a portion of card waste as the fabric 
will stand. Then they rake down the cotton along the end 
of the pile after it has remained there a week or so, with a 
large wooden garden rake, and a blending is effected in that 
manner. Another question is: Whether the exhaust blow- 
er is as efficient in moving cotton through rarefication of the 
air as a pressure blower would be? 


Joun A. Stevens asked what data he has on fires caused 
by matches, referring to the paper in which he mentions 
fires started by matches: also where the large number of 
matches came from. 


E. V. Frencn. Mr. Woodbury has touched upon the mat- 
ter of aging cotton. Where aging is done large mills may 
open 50 or 100 bales of cotton at a time. If a fire oceurs 
under such conditions it is almost sure to run over the whole 
pile in spite of any extinguishing apparatus and cause a 
good deal of loss. Many mills on coarse work have found 
where the cotton is handled by blowing, that the passage 
through the pipes in loose form, and with an ample air 
supply, accomplishes about the same result as the ordinary 
aging. Only 10 or 12 bales therefore need be opened at once 
and the cotton from these is earried directly to the auto- 
matic feeder at the inlet of the blowing system. This gets 
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rid of large amounts of loose open cotton, and makes a dis- 
tinet gain in the reduction of the fire hazard. Picker rooms 
are causing a large number of our cotton mill losses and im- 
provement at this point is the next thing to take up. If 
we can eliminate a good many of these fires the cotton mill 
will become about as safe as the average risk. In the ques- 
tion of matches which Mr. Stevens mentions, I remember one 
case where arrangements were made through a public officer 
to search the men in a cotton mill; the result was two hand- 
fuls of matches found in their pockets. As they work a 
match will now and then drop from their clothes to the floor, 
to be stepped upon or run over by a truck, and strike fire 
which will surely ignite anything combustible nearby. This 
is undoubtedly one of the most serious causes of fires in 
such mills today. 


CuarLes H. Bicetow. In answer to Mr. Stevens, said 
that in the South he had seen the negro workmen handling 
matches and seen a number of fires caused by dropping the 
matches which were cracked by the trucks passing over 
them and set fire to the cotton, sometimes catching into the 
cotton on the truck. 


Tue AvutHor. In reply to the questions of Mr. Thomp- 
son, I know of one system where two fires occurred. It was 
a particularly long system, the fires blowing through the out- 
let side of the system, but no trace of fire had been found on 
the suction side of the fan. 

Replying to Mr. Woodbury, in regard to stopping fires 
passing through the dust flues from the pickers by means of 
the fusible link, I do not think that method is extensively 
applied. I have heard of places where they tried to apply 
that method to cotton passing through pipes but I think the 
fire usually gets by the fusible link, as it takes a considerable 
length of time to melt the solder on the link. As to the un- 
balanced dampers, they are very efficient and I have no ob- 
jection to urge against them. They are a great protection 
against fire backing up in the pipes. 

The reference to the ageing qualities and the blower sys- 
tem, has suggested to my mind the fact that the quality of 
the cotton is improved by being blown through the pipes. 
I know of a number of cases where ageing bins have been 
put into mills for trial and then discarded as the passing 
of the cotton through the pipes was found to answer almost 
the same purpose. That may not be true of all cases, but 
it is in many. As regards the relative efficiencies of suc- 
tion and blower fans, I have no data on that point; I think 
very few accurate measurements have been made to deter- 
mine this. 

Referring to the question of Mr. Stevens, the data are not 
exact, for as a rule in such cases the matches are destroyed. 
Some times we find the remains of the match, and often we 
find hard substances that have passed through. But many 
fires ascribed to matches are no doubt caused by matches, 
and we reach that conclusion from the fact that every other 
cause of fire we know anything of has been eliminated. That, 
perhaps, is not absolutely conclusive. The match fires, how- 
ever, still remain the hardest ones to contend with or to 
trace to a cause. 

In the South I think the laborers are largely responsible 
for many of the fires due to matches. The matches may be 
dropped by workmen around the gins, or even at earlier 
stages, before they get to the gins. It is a common practice 
among the negroes of the South to stick matches in button- 
holes, in pockets, back of their ears, and in their hat-bands. 
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TEXTILE COST ACCOUNTING: ITS 
PURPOSE AND APPLICATION 


By C. B. Annetr,' New York 
AND 
C. F. Cunnineuam,' New York 


Non-Members 


Cost accounting, as the name implies, is the appli- 
cation of the science of accounting to the determination 
of costs. Its fundamental principles are applicable to 
all lines of industry. It is really only a detail of the 
large question of organization, and it is therefore evi- 
dent that this detail cannot be solved independently. 
There must be: 

a ‘** A clear definition of the departments of the 
business so that similar work and similar 
functions shall be grouped in one depart- 
ment. 

b ‘‘ A positive definition of duties of each de- 
partment and its relation to the general 
business. 

A clear fixing of the responsibility and a 
willingness to have responsibility rest with 
the heads of the various departments. 

d ‘‘ Scrupulous care to communicate the vari- 
ous wishes of the Chief Executive through 
the proper channels, that the responsi- 
bilities fixed may be preserved and each 
department limited to its particular fune- 
tions. 

The harmonizing of the commercial ac- 
counts, that is, the representative accounts 
of the business with the general scheme 
which is to be followed in the factory ac- 
counting or cost-keeping department. ; 

f ‘‘ A proper head to the department of cost- 
keeping who must be as much an engineer 
as an accountant, and capable not merely 
of compiling figures, but of using the in- 
formation when the facts are compiled; 
for the end of cost-keeping is cost reduction. 
This man must be so efficient that he may 
be depended upon by the highest official 
of the company and he will naturally be 
high in the counsels of the latter. . 

A man who fills such a position will have 
no sinecure.’’ 

It is perfectly obvious that costs which are inac- 
curate, are not worthy of consideration and in fact 
are worse than none at all, as they are often entirely 
misleading. It therefore seems desirable before enter- 
ing upon a discussion of specific methods of obtaining 
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costs, to discuss briefly the fundamentals essential to 
all cost accounting. 

The first essential is that cost should be a statement 
of fact, all assumptions, in so far as possible, being 
eliminated. In contradistinction, an estimate, or esti- 
mated cost, may not agree with the real cost because 
of the very fact that it takes into consideration prob- 
able changes of conditions. 

The lack of a clear understanding of the difference 
between a cost and an estimate, has frequently led to 
much confusion and the distinction between the two 
cannot be too clearly defined. Many manufacturers 
seem to fall into the habit of allowing themselves to 
believe that cost is what they wish it to be, rather than 
a statement of the real facts, and this almost invaria- 
bly leads to disaster. 

To make this important point clearer, consider that 
an order for a fabric has been received, conditioned 
on a certain price. The records show that this fabric 
was previously made at a certain cost. It obviously 
would not do to accept the order without taking into 
consideration all changes in conditions that have taken 
place since the former production. Wages may have 
increased, automatic looms may have replaced plain 
looms, the price of raw material may have advanced, 
and a number of the elements of cost may have 
changed, which would alter the previous cost. Conse 
quently an estimate is made, based on the known facts 
taking these changes into consideration as accurately 
as possible. The order is accepted because the esti- 
mate indicates that, provided the conditions consid- 
ered therein hold true, a profit should result from the 
sale. During the actual manufacture of the order, 
however, alterations of conditions occur which were 
not anticipated in the estimate. The production de- 
creased, the shrinkage increased, the percentage of sec- 
ond quality good increased ; perhaps a number of such 
cost factors varied. In consequence the anticipated 
profit becomes doubtful and it is, therefore, evident 
that the estimate cannot be used as a guarartee of 
profit. After the fabric is completed, the cost is care- 
fully compiled and the true cost, regardless of the ex- 
isting conditions, determined. This affords a proof 
of the aecuracy or inaccuracy of the preliminary esti- 
mate, determines whether or not the order has been 
profitable and becomes a basis for estimating more ac- 
curately on future orders. 

The second essential is predicated upon the first, that 
if cost is to be a statement of fact, it must be subject 
to proof. In order to insure this, it is essential that 
the person responsible for its compilation have full 
access to the most private information of the com- 
pany’s affairs and the unqualified confidence of its 
officers in order that every item of expense be included. 
Further, the accounting methods should be so ar- 
ranged that the results obtained are carried to, and 
incorporated in, the commercial (private) books of the 


company. 
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The third essential is that the several depart- 
ments involved work in complete harmony. All per- 
sons having to do with the recording and tabulating 
of statistics must work together for the single pur- 
pose of reporting information not alone accurately, 
but also promptly, in order that the data so recorded 
may be available before they become history. The 
sources Of much of the information essential to cost 
must, of necessity, be from persons in the mill who 
are of a grade of labor lower than that responsible for 
the compilation of the costs, and, it is especially nee- 
essary, therefore, that they be impressed with the im- 
portance of the information they are recording. 

The control of all materials not in process should be 
under the direction of a general storekeeper, and the 
control of production under a production manager. 

It should be the function of the production manager 
to control production from the raw material to the 
finished product. Changes in production methods 
should be made only through the production manager 
and it should be his duty to at all times keep the cost 
department fully informed as to the methods in force 
and the quantities produced. 

The general storekeeper should have charge of and 
be responsible for all raw material, semi-finished and 
finished stock wherever located. This does not neces- 
sarily imply that all stores should be centralized in 
one place, but it does imply that one person should be 
held responsible for their proper care and for correct 
reporting of the receipts and disbursements of all 
materials, 

Manufacturers sometimes argue that because their 
material is not liable to depletion by theft, from the 
lack of its value to an individual, they may safely fig- 
ure their costs on the basis of a theoretical schedule 
of the material that should enter into any given unit 
of their produet. Similarly, all indirect materials pur- 
chased are sometimes charged directly to expense and 
all direct materials to product, but this procedure is 
apt to prove embarrassing at times, as there will be an 
inventory of material on hand which theoretically has 
no value because it has already been charged to prod- 
uct. Moreover, this practice is not conducive to ac- 
curacy as purchases of material are not necessarily 
made according to the manufacturing need for this 
material. It is usually found that savings may be 
made by buying in quantities sufficient for several 
months’ normal operation of the mill. 

Total cost may be divided into three main parts or 
divisions: (@) manufacturing or mill cost; (6) selling 
cost; (c) administrative cost. The latter two are gen- 
erally known as commercial expense and are distinct 
from manufactur‘ng or mill cost. They are usually 
combined and added to the manufacturing cost on a 
single percentage basis. While this is reasonably cor- 
rect in a great many eases, it should be avoided wher- 
ever it is possible to obtain a more equitable basis. 
Many manufacturers dispose of their product through 
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a selling agency or commission house, and therefore 
know exactly the selling expense chargeable to each 
fabric and should accordingly, apply this selling ex- 
pense directly to the product. 

Manufacturing cost is the sum of the following: 
(a) direct material cost; (b) direct labor cost; (c 
indirect cost or burden. 

Direct material cost includes the cost of all material 
entering into the product and directly assignable to 
it, and direct labor cost the wages paid which are di- 
rectly chargeable to the product. 

Indirect cost or burden includes the cost of labor 
and material and miscellaneous expenses not directly 
chargeable to the product, such as superintendence, 
power, heat, light, depreciation, ete. Speaking gener- 
ally it includes all items not included in direct labor 
or materials. 

Each of the above may be subdivided, if desired. 
The indirect cost, particularly, is a complex item and 
can be treated more readily if segregated, for instance, 
into (1) power, heat and light; (2) departmental ex- 


3) general expense. 


penises ; 

The cost of power, heat and light includes all ex- 
penditures incident to the production and distribution 
of power, heat or light. It is desirable to distribute 
the cost of power, heat and light by actual consump- 
tion. Obviously more power is required to operate a 
heavy 72-in. loom than a light 28-in. one. A depart- 
ment using steam for manufacturing and heating 
should be charged proportionately more for steam 
than a department using it only for heating. The 
proper percentage may be obtained by actual measure- 
ment or it may be approximated from tests. While 
the former method is preferable, the latter is  suffi- 
ciently exact if proper facilities are had for making 
accurate tests. 

Departmental expense includes all items of expense 
which can be charged directly to a department, for in- 
stance, departmental supplies, foreman’s wages, fixers’ 
wages, ete. It can be apportioned to the product by 
one of a number of methods. 

General expense includes all items of expense which 
ure not directly chargeable to a department, and whieh 
therefore must be apportioned to the departments on 
a more or less arbitrary basis. 

There are two general methods of collecting cost 
data: (a) by definite lots or orders; and (b) by oper- 
ations. As the name implies, the first method provides 
for the determination of the cost of definite quantities 
of product and is applicable only to eases where the 
material can be processed in definite lots and kept in- 
tact through the several operations. These require- 
ments render this method impracticable in such tex- 
tile mills as largely manufacture what are known as 
staple products. The production in such cases is so 
continuous that it cannot be readily segregated into 
lots or batches. The plan is therefore applicable only 
to what are known as specialty or faney mills in which 
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it is the general practice to process the material in lots 
of comparatively limited quantities. 

In order to insure that all expenditures incurred 
are included in the cost, it is necessary that all labor 
performed and material consuméd should be charged 
to some form of order: Production orders for all labor 
and material expended on product intended for sale, 
plant orders for all expenditures for plant improve- 
ment and extension, and standing orders for all ex- 
penditures that cannot be charged directly to either 
production or plant orders. 

Production orders should be issued as the authority 
for processing all materials entering directly into the 
product. They should be numbered serially and all 
expenditures of labor and material on account of same 
should be charged to these numbers. It should be 
noted that it is not essential that an order should 
cover the complete process from raw material to fin- 
ished product, but it is necessary that it should cover 
a complete stage of production. 

Plant orders, like production orders, should be num- 
bered serially and should serve the purpose of collect- 
ing the various items of labor and material expended 
on plant improvements and extensions. 

Standing orders should be issued for collecting all 
expenditures of labor and material necessary for the 
efficient operation of the mill except those chargeable 
to production and plant orders and they will, there- 
fore, embrace all indirect cost items.. By means of 
standing orders, a minute and careful periodical com- 
parison may be had of all manufacturing, administra- 
tive and selling expenses. 

All disbursements of materials from stores should 
be priced at cost and charged to the proper order num- 
ber. This will not only insure that all expenditures 
of material are accounted for, but it will also provide 
a means of collecting individually the material cost of 
the several orders. 

There are several methods in use for collecting labor 
cost data. It has been in the past quite generally the 
practice to allow the workman to make his own record, 
or have his foreman or overseer do it for him. A bet- 
ter plan is to place the responsibility upon timekeep- 
ers, whose sole duty it is to collect labor information. 
Timekeepers should be supplemented, so far as pos- 
sible, with mechanical recorders which can neither err 
nor misrepresent. 

After obtaining the direct material and labor cost, 
the next step in the tabulation cost is to apply the in- 
direct cost or burden. We shall not attempt to dis- 
cuss at length the various methods of distributing in- 
direct cost. The problem is much simplified if the de- 
partments are so defined that only similar operations 
and processes are contained within a single depart- 
ment. Distribution of expenses may be divided into 
two parts: first the distribution of the general expense 
of the mill as referred to above, together with power, 
leat and light to the producing departments; and sec- 


ond, the apportionment of the total departmental ex- 
pense thus obtained over the product passing through 
the departments. 

The first is not, in reality, extremely difficult, but it 
does require a certain amount of patience and study 
to determine the most equitable method of distributing 
the several items making up this general expense. 
Power, for example, as mentioned previously, should 
be distributed on the basis of power consumed, depre- 
ciation on the basis of the value of the plant and equip- 
ment used by the department. In a similar manner 
each item of general expense should be taken up, and 
the most equitable method of distribution determined. 

The total departmental indirect cost thus obtained 
may be apportioned over the product by any one of 
several methods. It is quite generally desirable in 
textile mills, however, to use the machine hour basis 
or its equivalent, as the machine is largely the unit of 
production. 

It will be readily seen that the cost of direct ma- 
terial and direct labor can be determined as soon as 
the order is completed, but that the exact amount to 
be added for indirect expense cannot be ascertained 
until after the close of the period. 

It is, therefore, common practice in figuring current 
costs, to use the rates based on the results of previous 
periods. While this is the only practicable method to 
pursue when immediate cost figures are required, it 
nevertheless, is liable to error and should only be used 
when it is not practicable to wait until the close of the 
period. 

The second method, that of operation costs, as the 
name implies, provides for the determination of the 
cost of individual operations. It is self-evident that, 
given the total cost of each operation and the loss by 
shrinkage of material from operation to operation, the 
total cost of any product, or the cost at any desired 
stage of completion may be found by combining these 
costs in the proper manner. They must, however, be 
combined only with a full knowledge of the shrinkage 
and the exact order in which the several operations 
were performed. This method is applicable to mills in 
which production is continuous, and, therefore, is 
adapted to a large class of textile mills, especially those 
manufacturing staple cotton goods. 

The foundation of operation costs rests upon an ac- 
curate knowledge of the production of each operation, 
or, stated another way, of the shrinkage from opera- 
tion to operation. There are in use several methods of 
measuring production, but none of them are entirely 
satisfactory. 

Because of the well-known fact that the majority 
of the fibres used in the manufacture of textiles are 
subject to a considerable variation in weight, due to 
the rapidity with which they absorb and discharge 
moisture, if weight is used as the unit of measure it 
is subject to a corresponding variation. While lineal 
measure would solve this difficulty it would so com- 
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plicate the recording of the quantities of stock in 
process as to make the plan impracticable. Every- 
thing considered, the most practicable unit of meas- 
ure for yarn, both finished and semi-finished, seems to 
be the pound. Coth may be measured either by the 
pound or the yard, whichever is the more convenient. 

As it is impracticable to actually weigh the product 
after each operation it is necessary to resort to some 
mechanical method of measurement. The most com- 
mon method is the use of measuring clocks. Clocks 
are subject to possible error in that they measure the 
production based upon a fixed standard of efficiency, 
while it is, of course, self-evident that any individual 
machine will fluctuate in its efficiency due to a number 
of causes. 

The collection of the cost data under this plan differs 
from that used in the first plan, in that there is no 
special production order number against which the 
various expenditures of labor and material can be 
charged and it is, therefore, necessary to use the oper- 
ation as the unit of cost. It is essential to this scheme 
that the various operations be definitely determined 
and designated by a number. The several different 
kinds of product should also be numbered. <A special 
ledger for collecting the cost data should be furnished 
in which provision should be made for collecting the 
direct material costs separately from the direct labor 
and the indireet cost. 

All disbursements of direct material from stores 
should be priced at cost and charged in the mill ledger 
to the first operation through which the material 
passes, classified to kind of raw material. Provision 
should be made for crediting the several raw material 
accounts with the value of the waste made in each 
operation. The direct material accounts should be 
subdivided as to kind of raw material, rather than 
kind of product, as it is usually impracticable to ob- 
tain a report of waste classified as to kind of product. 
At best, the obtaining of accurate reports of waste 
made is a difficult proposition, especially in a mill 
where several kinds or grades of raw material are 
being processed along the same general lines, and quite 
possibly in the same rooms. It is important that this 
information be obtained as accurately as possible, in 
order that each operation and each kind of material 
may be eredited with the proper amount for waste. 
The customary practice has been to consider that the 
shrinkage is the same for all kinds and grades of raw 
material and product. Shrinkages, on the contrary, 
are constant only in so far as the cause is either natural 
or due to mechanical appliances, and shrinkages due 
to ‘‘ human elements ’’ are subject to wide variation. 
Considering that the waste in woolen mills is over 50 
per cent of the raw material and in cotton mills over 
15 per cent, it seems well worth while to give this prob- 
lem serious consideration. A mill agent once pointed 
to his waste wagon and aptly remarked, ‘‘ there go 
our dividends.’” Apparently in many eases dividends 
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might be increased if more attention were given to the 
reduction and utilization of waste. 

All direct labor should be analyzed as to operation 
and kind of product and charged in the mill ledger 
to the proper account. The total indirect cost for each 
operation should be determined in much the same man- 
ner as explained under lot costs. It should then be 
apportioned to the several kinds of product and 
charged to the proper accounts in the mill ledger. At 
the close of any period, the unit cost of any operation 
may be determined by dividing the total expenditure 
on the operation for the period, as shown by the mill 
ledger, by the total amount of product which has 
passed through the operation during the same period. 

The total cost of any given product cannot be deter- 
mined simply by adding together the several operation 
costs, considering the shrinkage from operation to 
operation. To obtain the cost of any operation in the 
completed product, it is necessary to increase the oper- 
ation cost, in reciprocal proportion to the shrinkage 
from the end of that operation to the finished product. 
For example, if the cost of an operation is $0.015 and 
the shrinkage of product is 25 per cent, the operation 

$0.015 

-cost in completed product would be 100% 25% = 
$0.02. It would be possible to determine the total cost 
of product by this method, except for the fact that the 
exact sequence of operations is not readily ascertain- 
able, making it impossible to determine accurately the 
amount of shrinkage, especially in a mill making a 
variety of products. 

A more satisfactory method is to build up the total 
cost, operation by operation, beginning with the first 
operation and charging forward to each succeeding 
operation the cumulative cost of all preceding opera- 
tions, inventories of course considered. This plan has 
the advantage, in that it follows the product from 
operation to operation, according to the manufactur- 
ing layout and schedule. 

It is obvious that the output of an operation plus 
the waste made is equal to its input. Providing no 
inventory exists between this and the succeeding oper- 
ation, the good output of the first operation is equal 
to the output of the second, including the waste made. 
Ordinarily, however, inventories do exist and must, 
therefore, be taken into consideration. An equation 
taking inventory into consideration may be made up 
as follows: The good output of the first operation, 
plus the inventory of the product of that operation at 
the beginning of the period, less the inventory of that 
operation at the end of the period, is equal to the 
input of the sueceeding operation. If it were prae- 
ticable to determine the input of each operation, it 
would be possible by means of this formula to deter- 
mine the inventory on hand between operations, at the 
end of any period; but in most instances there seems 
to be no practical method of obtaining the input of 
each operation, Cons quontly, a physiexl 
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of the product in process must be taken whenever the 
inventory is desired. With the inventory a known 
factor, by means of the above equation the quantity 
and value of the product to be charged forward from 
operation to operation can be easily determined. Each 
successive operation should be charged with the total 
cost of all preceding operations, inventories consid- 
ered, and by this means it thus becomes possible to de- 
termine the accumulated cost of any product at any 
stage of completion. 

The accumulated unit cost may be obtained by divid- 
ing the accumulated cost at that stage of production 
by the output of the operation. This unit cost should be 
used in pricing the physical inventory of the product 
from that operation. 

In many cases, the product of one operation is made 
into a number of different kinds of product in a sue- 
ceeding operation. For example, one size of roving 
may be spun into several sizes of yarn and it is nec- 
essary in such cases to apportion the amount charged 
forward from the previous operation to the succeed- 
ing operation, based on the total production of each 
kind of product in the succeeding operation. It will 
be evident that by this method of cost finding, the 
inventory of product in process is automatically priced 
and, further, that it is possible to determine the cost 
of the product shipped during the period. The opera- 
tion cost method not only provides for obtaining the 
detail costs by operations, but also the total cost of each 
kind of product. 

Cost accounting is most valuable from the stand- 
point of the manufacturer, in that it shows numerous 
ways for reducing operating costs. It is self-evident 
that accurate costs are of fundamental importance as 
a guide in determining whether to meet or withdraw 
from unintelligent competition. They are also essen- 
tial in the preparation of financial statements, as a 
knowledge of costs is absolutely necessary to the 
proper valuation of assets, and for the making up of 
a profit and loss account. 

As heretofore mentioned, a mill or inventory ledger 
should be opened, designed to collect and control the 
various facts regarding the manufacturing costs and 
inventory records. This should be done regardless of 
whether costs are determined by means of the definite 
lot or operation plan. The mill ledger should be con- 
trolled by the private ledger and at the close of each 
period should be in balance with the controlling ac- 
count in the private ledger. 

The various items of expense not distributed or ap- 
plying to product in process, should be so segregated 
that they can be easily checked against uncompleted 
costs and the uncompleted costs in turn checked 
against the product in process account. By this means 
at the close of each period, be it one or four weeks, or 
one of the calendar months or several months, the ac- 
curacy of the costs compiled during the period is dem- 
onstrated. 


SPECIFICATIONS FOR FACTORY 
TIMBERS 


By F. J. Hoxir, Puenix, R. I. 
Member of the Society 


This paper is given in the hope that a discussion 
may be opened which will bring together seattered ex- 
periences relative to the properties underlying the 
qualities required in mill timber. Within three years 
more than $100,000 has been required to repair dam- 
age due to dry rot in mills insured by the Associated 
Factory Mutual Fire Insurance Companies, and nearly 
all of the lumber affected was hard pine in compara- 
tively new buildings. This rapidly increasing destruc- 
tion of lumber is unquestionably due to the use of 
poorer material than was employed in former years. 
In a lot of large timber for the frame of a new mill 
will be found nowadays seareely anything but North 
Carolina, Cuban, or Shortleaf pine. The best qualities 
of these varieties are probably as resistant to decay as 
is the Longleaf pine, but they are less uniform; the 
poor qualities are much more difficult to deteet because 
of the necessarily superficial acceptance inspection of 
the purchaser or his representative. 

In textile mills the high artificial atmospheric 
humidity undoubtedly increases the tendency to rot in 
pine of low natural resistance to fungus. The weaving 
rooms of cotton mills are frequently maintained at a 
saturation of moisture of 70 to 80 per cent. With 70 
per cent saturation and a temperature of 80 deg. fahr. 
a decrease in temperature of 12 deg. or more would 
cause precipitation. This condition can be found in 
winter on the under side of roofs or at beam wall bear- 
ings or windows if the heat insulation is not very com- 
plete. 

Dry rot fungus will grow on the surface of wood 
at atmospheric saturation from 96 to 100 per cent’; 
it will grow inside of large beams of susceptible ma- 
terial at a much lower atmospheric saturation. In one 
case investigated, the room was maintained at 60 per 
cent and the beams of the second floor which were not 
exposed to outside temperatures were attacked. Ex- 
periments tending to show that the dry rot fungus is 
able to form sufficient water for its requirements in 
beams of large size by decomposition of the wood are 
given by Mez?. Wet spots frequently remain several 
days on the freshly sawed surfaces of beam sections 
containing living fungus (see Fig. 3). There is no ques- 
tion whatever about its growing inside of factory beams 
of non-resistant material for two or three years at 
least after the factory is built, with less than 70 per 
cent of atmospheric moisture and in rooms where water 

1 Hausschwammforschungen, vol. 6, p. 308; Moeller, Jena, 1912. 

2 Der Hausschwamm, Carl Mez; Dresden, 1908, p. 192. 
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is not used in manufacturing processes. This condi- 
tion has been found in several of the worst cases in 


vestigated. 

Only hard pine timber will be considered here as 
this is the most generally used material for heavy mill 
frames. Spruce is sometimes used for floor plank, but 
this is probably more susceptible to rot than the better 
qualities of hard pine. In the only case investigated 
Where spruce was concerned the disease evidently 
spread from pine beams to the spruce floor planking. 
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Kechimata), Cuban (Pinus Heterophyila), and North 
Carolina (Pinus Tacda). They are very fully described 
in Timber Pines of the Southern States, by Charles 
Mohr. The Longleaf pine is the most valuable for lum- 
ber from its greater strength and durability. The latter 
quality is probably due chiefly to the high percentage 
and uniform distribution of the resin and to the small 
percentage of sap wood, which averages not over 2 in. 
in radius of mature trees, while that of the other three 
varieties varies from 4 in. to 6 in. of the radius. 


| 


Fic. 1 LonGiear Pine, 8 in. By 18 1x. DistriputTion or Resin: A 25 Per Cent, B 14 Per Cent, 
C 17 Per Cent, D (Sapwoop) 3 Per Cent 


Fic. 2. CusBan Pine, 8 IN. BY 


In a few cases hemlock without antiseptic treatment 
used under floors in basements has failed in a few 
years. Hemlock, oak and white pine have failed after 
longer or shorter service, but the use of these materials 
for mill construction is not sufficiently frequent to re- 
quire more than passing mention. 

Twenty-six varieties of hard pine, growing in North 
America, are described by Penhallow;' of these only 
four are much used for timber in the eastern states, 
the Longleaf (Pinus Palustris), Shortleaf (Pinus 


‘A Manual of the North American Gymnosperms, D. P. 
Penhallow, 1907. 


1S ix. Rot Sarpwoop 


Many of the specifications for hard pine are vague 
or meaningless owing to the fact that the terms used 
are not clearly defined or are not determinable. For 
example ‘* best quality ’’ could honestly be taken to 
mean either the best in the local market or the best in 
the world. ‘* Longleaf pine ’’ is practically impos- 
sible to identify beyond a doubt in the form of lumber, 
and in fact it is now rather the exception than the rule 
to find this variety of pine in the large sizes required 
for mill beams. Other varieties are regularly accepted 


* Bulletin No. 13, U. 8. Department of Agriculture, Division 
of Forestry, 1897. 
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as Longleaf. ** Georgia’ is sometimes added to a 
specification but lumber grown in that state is seldom 
insisted upon, nor is its place of growth important. 
The interstate rules for Yellow pine lumber for 1905 
define prime quality, dimension sizes, as follows: 


All square lumber shall show two-thirds heart on two sides, 
and not less than one-half heart on two other sides. Other 
sizes shall show two-thirds heart on face and show heart 
two-thirds of length on edges, excepting when the width 
exceeds the thickness by 3 in. or over, then it shall show heart 
on tlie edge for one-half the length. 


the deep, narrow sections frequently used for double 
beams. 

The average number of annual growth rings per 
inch has been suggested as a eriterion for selecting 
good hard pine lumber, as follows:' first quality 
should have 15 or more rings per inch, as an average 
of 5 in. across the grain: second quality should have 
an average of from 8 to 15 growth rings, and material 
having less than 8 should be considered unfit for strue- 
tural use. This would admit such material as that 
shown in Fig. 4 and exclude such as that shown in Fig. 


Fie. Norta Carouina, or LoBLOLiy, PINE, 8 IN. BY 18 IN. Rot IN Nonresinous Woop 


Fic. 4 Sounp anp Rorrep Sections or 12 in. BY 14 IN. BEAMS; PROBABLY SHORTLEAF PINE 


The rules define merchantable inspection as follows: 
All sizes under 9 in, shall show some heart the entire length 
on one side. Sizes 9 in. and over shall show some heart the 
entire length on two opposite sides, etc. 
This specification for prime quality loses most of its 
force when applied to pine of the type shown in Fig. 
4. The young heart wood has rotted nearly, or quite 
as rapidly, as the sapwood. Most of the beams shown 
in Fig. 6 are of this variety. Timber of merchantable 
inspection, in addition to the uncertainty of the heart 
wood mentioned above, has the practical certainty of 
rot in the sapwood if conditions are not most favor- 
able. This grading is particularly treacherous with 


» The dense coarse grained resinous Cuban heart 
wood is as strong and durable as the Longleaf pine, its 
bad quality being that it has a large percentage of not 
very clearly marked sapwood which is rapidly de- 
stroved by fungus (see Fig. 2). 

A later suggestion which has been adopted by the 
American Society for Testing Materials? calls all good 
material Longleaf pine and poor material Shortleaf 
pine. This is unfortunate in that an arbitrary mean- 


1 American Society for Testing Materials, Proceedings 1909 
p. 291. 

2 American Society for Testing Materials, Proceedings 19 
p. 345. 
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Fic. 5 Bream 8 py 12 1n., 72 La. per Cru. Fr 
ing is given to the names Longleaf and Shortleaf, which 
already have a generally accepted botanical meaning ; 
such a discrimination is also incomplete in not defining 
the qualities of the two classes. 

The positive identification of Longleaf pine lumber 
is diffieult or impossible. There are slight microscopic 
differences in the form of the medullary rays of the 


North 


Roth,” but to use them for identification would requir: 


Carolina pine, as given by Penhallow' and 
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considerable experience in the microscopic study of the 
pines. The macroscopic differences are more striking 
with characteristic specimens. The Longleaf pine is 
heavy, resinous and fine grained, averaging for the dry 
heart wood from the butt of the tree, according to 
Sargent® 43.7 lb. per eu. ft. (see Fig. 1). The Cuban 
pine is slightly heavier, averaging 47 lb. per cu. ft., 
resinous and coarse grained with a large proportion 
of dense summer wood and a much larger proportion 
The North Carolina 
pine is lighter, averaging 34 lb. per cu. ft., somewhat 


of sapwood (see Figs. 2 and 5 


less resinous, coarse grained with a small percentage 
The Shortleaf pine is 
ft.. the least 
resinous of the four and of medium coarse grain. The 


of summer wood (see Fig. 3). 


moderately light, averaging 38 lb. per eu. 


following are the weights per cubic foot given by Mohr 
for kiln dried material; Longleaf 36 lb., Cuban 37 Ib., 
Shortleaf 30 lb., and North Carolina 31 lb. The reason 
for Mohr’s weights being less than those of Sargent 
is that he takes the average of the tree, the top of 
which is much lighter, while Sargent considers only 
the denser heart wood at the butt. There is consider- 


! North American Gymnosperms, D. P. Penhallow, 1907. 
? Bulletin No. 13, U. 8. Division of Forestry, 1897, p. 143. 


Silva of North America, C. 8. Sargent, 1897. 


Rorrep 12 1n. sy 16 rN. Pine Beams REMOVED AFTER Two YEARS’ SERVICE 


Resin, Per Cent 


Fic. 6 
A Cc A B Cc 
7.72 5.12 0.83 8.36 4.89 1.17 
945 2.31 0.82 3.45 18.81 0.99 


A B Cc A B C 
4.46 1.99 0.7 5.36 7.04 
26 6.56 0.58 29.21 12.17 
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able confusion in loeal names: Mohr gives six Latin 
and 29 common names as having been used at different 
times or different places for the Longleaf pine; the 
other varieties have nearly as many. The Cuban and 
Longleaf pines are sometimes confused since both have 
long leaves, while the Shortleaf and the North Carolina 
have short leaves. 

A treacherous type of hard pine is shown in Fig. 4, 
which is probably Shortleaf pine, although it may be 
Longleaf grown under unfavorable conditions. The 
percentage of resin and the gravity is somewhat higher 


generally in the neighborhood of 10 per cent of resin ; 
at 4 or 5 in. from the center there is frequently less 
tian 3 per cent. The line between the heart and sap- 
wood is well marked, the heart being much darker than 
the sap, as with the Longleaf. This material is regu- 
larly sold as Longleaf. 

Tannin in the lignified heart wood is said to retard 
fungus growths in oak,’ but resin is the important fae- 
tor in the hard pines. The following experiment was 
ade to show the effect of resin: A block of Longleaf 
pine 2 in. on a side, containing 18 per cent of resin was 


Fic. 7 New Se.ectep 12 1n. By 16 1n. BEAMS 
Resin, Per Cent 


A B Cc 4 B Cc A B Cc A B ¢ 
14.6 | 1.6 12.2 2.4 2.9 34.7 14.1 2.6 13.1 14.1 2.6 
12.3 3.0 2.4 8.6 3.2 0.8 12.3 3.0 2.4 7.5 11.3 1.1 

Air Dry, Ls. per Cusic Feer 

37 42 37 36 39 37 46 57 61 40 44 34 

34 36 30 37 42 33 39 45 36 42 55 50 


than that given by Mohr' for Shortleaf, but the ar- 
rangement of growth rings corresponds with his 
description. Hardly a lot of lumber is to be found of 
which this does not form a considerable proportion. 
Most of the rotted beams shown in Fig. 7 are of this 
type. It is characterized by a coarse grain at the center, 
generally consisting of four to six growth rings per 
inch, becoming regularly finer with increased diameter 
until at 6 in. or 8 in. from the center there are 20 to 30 
growth rings per inch. The resin and resistance to 
rot decrease with the rings. At the center there is 


1 Bulletin No. 13, U. S. Division of Forestry, p. 13. 


sawed in two across the grain. Half of it was boiled 
in benzole and after the removal of thé resin the ben- 
zole was driven off. Both pieces were cultivated in 
contact with wood containing living dry rot fungus. 
At the end of a year the specimens were dried and 
weighed. That from which the resin had been removed 
had lost 8 per cent in weight, the other only 2 per cent. 

Cuban pine is the heaviest and frequently the most 
resinous of the timber varieties. Fig. 5 shows a section 
of a beam weighing 72 lb. per cu. ft. It can be seen 


2 Berichte der deutschen botanischen Gesellschaft, vol. 29, 1912, 
p. 704; Mycologisches Centralblatt, vol. 1, 1912, pp. 138 and 166 
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that besides being saturated with resin this is nearly 
all summer wood. 

The ideal specification consists undoubtedly of a 
clear description of the qualities required. In strue- 
tural timber these are strength and durability. With 
these qualities defined attributes, such as botanical 
variety, location of growth or grading, lose their im- 
portance, The limits of strength ean be easily given, 
but less easily determined, without destroying the ma- 
terial. The density is probably a sufficiently close in- 
dex of strength for commercial purposes and the per- 
centage of resin of durability. 

soth the resin and the density can be conveniently 
found by boring half-inch holes into the end of the 
beam, collecting the chips, drying and weighing them, 
extracting the resin with benzole and weighing it. 
Cuban or North Carolina pine with 10 per cent of 
resin is apparently as resistant to fungus as Longleaf 
pine with the same percentage of resin. Heart without 
resin is not a saving quality. 

The percentage of resin in the sound centers of 
rotted beams taken from a mill was determined in 
order to get an idea of the amount required to stop 
fungus growth under ordinary mill conditions (see 
Fig. 7). In rotted beams of the poorest of hard pine 
there is generally a sound center which contains more 
resin than the remainder of the section. Sometimes it 
is not bounded by the growth rings but is very ir- 
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regular, the cause being that resin has been irregularly 

deposited in the section owing to knots or injuries to 

the tree. The limits of the sound centers are frequently 

not the same as those of the heart wood. 

It is apparent that the limiting amount of resin 
which is just sufficient to stop the fungus is in the 
neighborhood of 3 per cent. The limiting power of 
resin is undoubtedly not absolute but varies with the 
moisture, variety of fungus and time of exposure. 
Therefore, it is safe to assume that a mill beam should 
have not less than 5 per cent of resin throughout sue- 
cessfully to withstand fungus under ordinary condi- 
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tions of dampness and allowing a reasonable factor of 
safety. Dye houses and paper mills would probably 
require more. 

In order to determine the distribution of resin in 
timber of average good quality several sections from 
beams now being supplied for factory construction 
were analyzed. Part of these are shown in Fig. 7. 
The large holes were for samples for resin analysis, 
and the small ones for density determinations. The 
material was mostly heart wood and the price paid for 


hic. 9 COLUMN SHOWN IN Fic. 8 spLir TO sHOW FUNGUS 


it was $59 per 1000 ft. board measure. None of the 
sections have 5 per cent of resin throughout. Three 
would come within this limit by cutting off about 10 
per cent and the remaining five would require a redue- 
tion of about 75 per cent, as shown by the dotted lines. 

If it could be logically assumed that better material 
could be bought by increasing the price in proportion 
to the reduction of the cross-section necessary to ob- 
tain the required 5 per cent of resin, $115 per 1000 ft. 
would be indicated. From such figures as I have been 
able to obtain this price is not far out of the way for 
such selected material in large sizes, and even at that 
price it is doubtful if a sufficient amount for a factory 
could be had in the required sizes. This indicates that 
hard pine with sufficient natural resistance to with- 
stand fungus unassisted is out of the question at prices 
that compare favorably with other forms of cen- 
struction. 

Low power of resistance to fungus in the timber is 
frequently the last cause to which a serious dry rot 
outbreak is charged. Ventilation is generally the first 
preventative measure suggested. Dry wood which is 
kept dry is undoubtedly incapable of fungus infection 
but ventilation does not necessarily cause drying. 
Wood will become dryer or wetter in proportion to the 
relative humidity of the air; therefore, timber ven- 
tilated with moist air will have its rate of rotting ac- 
celerated if it is of a susceptible variety. Moreover the 
susceptible varieties absorb moisture more rapidly 
than those which are more resistant to fungus. 

A heavy coat of paint may accelerate or retard the 
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rate of rotting, depending upon whether it prevents 
wood from absorbing or giving up moisture. The 
question of primary importance is whether the wood 
is resistant or susceptible to fungus. 

Holes through columns and narrow openings be- 
tween beams encourage fungus more frequently than 
they prevent it. One of the reasons given for bored 
columns and double beams has been that they prevent 
dry rot,and considerable importance has sometimes been 
given to this feature.!. Undoubtedly columns with holes 
through them and thinner beams would dry out 


Fic. 10 Examp.e or Borep Harp Pine CoLUMN BADLY ROTTED 
AFTER Two YEARS 


quicker, if given a chance to season, but the common 
custom of boring green or wet columns just before 
they are put in place in the building and using moist 
lumber for double beams leave ideal places for the 
growth of fungus, since the air in the openings is 
saturated with moisture. Holes in the columns are 
also objectional since they form a convenient passage- 
way for the fungus to pass rapidly from floor to floor 
before the building has dried out. Fig. 9 shows a 
section of a bored pine column split in two with fungus 
growing through the hole; the column was not deeply 
attacked as can be seen from the photograph of the 
cross-section, Fig. 8. The hole is inefficient in pre- 
venting rot if the material of the column is susceptible, 
as can be seen from Fig. 10, which shows a section 
of a bored column badly rotted. Fig. 11 shows fungus 
growing in the opening between double beams, the 
front half of the beam having been removed. 

In many old mills hard pine timbers are found to be 
sound after years of service in moist air. A careful 
examination will generally reveal the fact that these 
timbers are resinous Longleaf pine, practically no 
longer obtainable. There is no more reason for sup- 
posing that the nonresinous hard pines now in com- 
mon use would prove as resistant than there is expect- 
ing moist hemlock or birch to resist fungus. 


There is 


1 Engineering News, Vol. 62, 1909, p. 620. 
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still available for present requirements in mill con- 
struction sufficient hard pine of suitable size and 
strength. It remains to supplement its lower natural 
resistance with proper antiseptic treatment. 

In conclusion, the following summary may be given: 

a The percentage of resin in hard pine can be 
taken as an index of its power of resistance 
to rot, 3 to 5 per cent being the lower limit. 

b Hard pine lumber 12 in. sq. or larger is not 
obtainable in quantities with sufficient natu- 
ral resistance to withstand fungus in a moist 
location. 

c Holes through columns, narrow spaces be- 
tween beams and hollow spaces in floors or 
roofs are of little value in preventing rot, 
and often serve to spread it rapidly to all 
susceptible material. 

-d_ The only hard pine, which is now obtainable 
in suitable quantities, is not safe to use for 
the important parts of a mill without anti- 
septic treatment. 


DISCUSSION 


E. M. Bares. I would like to ask Mr. Hoxie how far the 
action of preservatives prevents this fungus growth inside of 
the beams? Does the treating of the pine timber with one of 
these preservatives until it is thoroughly saturated on the 
outside lead to conditions where dry rot can start on the 
inside? In other words, is the life of that timber dependent 
upon the wearing out of this water-proof surface on the out- 
side? Also has he reached any conclusion as to the most 
effective method for treatment ? 


would lke to ask what would be 


A. W. THuompson. I! 


Fic. 11 View sHOWING FUNGUS BETWEEN DovuBLE Beams, FRONT 
BEAM HAVING BEEN REMOVED 


the probable effect of carbolineum on material in an average 
mill, with the ordinary humidity, where artificial heat is 
used? Also what is the best practice as to painting timber? 
It has been the general impression that it is best to let them 
remain unpainted for a year or two after they are put into 
the mill. 

A. M. Ernst. Must these preservatives be applied under 
a vacuum in order to secure their efficiency? Should timber 
put into the ground, such as fence posts, be coated wet, or 
is it absolutely necessary to have it dry to put on the pre- 
servatives? 

Cuarues H. Bicetow. The author speaks of a number of 
mills having to be reconstructed; how much danger has there 
been of this? I did not realize that the danger was coming 
up so strong. There is, however, another thing to be con- 
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sidered, namely, the number of knots in the timber we get 
nowadays. 1 had oceasion to look tor some timber where 
Longleat pine had been called for and something was sup- 
plied which was said to be “ just as good” but | noticed 
that the timber was full of knots; the knots of course take 
up the strength. The reference to the matter of dry rot 
brings to mind an old house I knew of in Salem, Mass., 
which is over 100 years old. 1 do not know what the timber 
is but it is eaten away on the side with longitudinal tunnels 
running out in little holes, vet most of the timber is as sound 
as it can be. 

©. J. H. Woopvsury. | am very glad Mr. Hoxie has em- 
phasized the importance of contagion from the germs of 
decaying timbers. Only within the last month, there were 
two instances In my practice in wlich | was obliged to insist 
that decayed timber should be burned at once, to get it out 
ot the way quickly, because if it were cut and stored else- 
where where it could be used for kindling, it would injure 
other sound timber which composed part of the storehouse. 
The decay in the solid ends of beams in mill walls was con- 
sidered more than 30 years ago by the late William B. Whit- 
ing, by his advocacy of ventilating the ends of such timbers, 
at a time when the usual practice sealed them up so as to 
make a better architectural appearance on the inside. There 
is one type of detect, not so prevalent as a broken beam or 
collapsible column, but germane to the general seope of this 
paper and that is a basement floor which is subject to rapid 
decay, which difficulty has been conquered by the use of air 
slacked lime. In a mill at Claremont, N. HL... a basement 
was blasted out of a seamy rock which was teeming with 
water leaching from the canal above and it was covered by 
a floor which lasted for many years, merely by using the 
pieces of rock which had been blasted away as a sub-founda- 
tion for the floor and providing suitable drainage; upon 
this a quantity of air slacked lime was placed and the floor 
was sound at the time of my last information. Another in- 
stance occurred in a mill in Waltham over a cement base- 
ment floor put down in 1854 and the beams on which the 
floor rested for nailing strips, decayed to a brown powder, 
but the spruce planks painted on the bottom side with hot 
coal tar resisted decay. These lasted while several hardwood 
top floors were worn out and removed, and were found 35 
years later when the whole floor was removed. In a machine 
shop in Philadelphia, the basement. floor was laid on spent 
molding sand with a space of 2 in. between the top grade 
of the sand and the inside of the floor. Holes were bored 
in this undertloor and the space filled with melted resin 
poured through funnels; this floor lasted many years. 

E. V. Frencu. I want to emphasize what is really the 
revolutionary character of the information which Mr. Hoxie 
has brought to us. He shows that practically all of the old 
requirements as to timbers cannot be used safely today so 
that new specifications must be made in keeping with the 
new facets. Most of the old slow growth timber with its 
large percentage of resin is exhausted. It will be several 
generations before timber of this kind will grow again, so 
that for many years inferior timber which is susceptible to 
dry rot will have to be used. To make such timber safe Mr. 
Hoxie’s data show that it must be treated with some preser- 
vative to avoid rapid decay. It is, of course, feasible in 
new work to use timber which has been treated, but this is 
only a part of the problem, for with the inerease of humid- 
ity in old mills, due to the modern manufacturing require- 
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ments, timbers which have remained sound for years have 
decayed rapidly. Recently in a mill 75 years old, white 
pine beams, which must have dried out thoroughly years 
ago, were found to be seriously impaired by dry rot. The 
cause was evidently the material increase in the humidity 
maintained in these rooms in recent years. This condition 
may be very serious trom the fire standpoint. We have laid 
great emphasis on the slow burning character of plank and 
timber construction, but a beam with its center decayed may 
have but a thin shell of sound wood which will be weakened 
after a short fire and allow large sections of floor to fall. 
We do not wish to raise fears, but we must recognize that in 
these directions there are new conditions of vital importance 
affecting all such construction. 

Cuarces T. PLUNKeTr reterred to the following state- 
ment of the author: “ The question of primary importance 
is Whether the wood is resistent or susceptible to fungus,” 
and called lis attention to the fact that he had not suggested 
any method tor use in judging whether it is susceptible or 
resistant. 

Tue Avuruor. In reply to Mr. Bates, sound wood thor- 
oughly treated with a suitable antiseptic material will prob- 
ably be found immune from fungus with ordinary mill con- 
ditions. Dry rot undoubtedly enters the timbers from the 
outside, but a very common condition is that in which the 
timber is al.eady deeply infected when treated. The fungus 
inside the wood is not destroyed by the thin superficial 
brush coat. If the lumber is heated sufliciently long in a 
bath of hot material, the heat may destroy living fungus 
which is beyond the penetration of the compound. As to 
the most effective method for treatment, no conelusion has 
yet been reached. Investigation is still under way, and I 
hope to be able to present something at a later date. The 
problem of mill timber is quite different from railway ties 
or posts. 

Answering Mr. Thompson, carbolineum has shown good 
results when applied to telegraph posts and mine timbers. 
| should, therefore, infer that it could be expected to act 
satisfactorily on mill beams where conditions are not so 
trying. This material in common with other coal tar com- 
pounds has the disadvantage of increasing somewhat the 
combustibility of the timber and leaving a black, greasy 
surface diflieult to paint. Paint on a dry, uninfected beam 
would tend to keep it dry and sterile and therefore be an 
advantage. With a moist infected beam the opposite would 
be the case. 

In answer to Mr. Ernst, the thorough treatment of timber 
by the vacuum process is without doubt desirable for fer.ce 
posts in order to secure the longest life. With wet or al- 
ready deeply infected material, I imagine the sterilizing and 
drying effect of a hot bath would inerease the efficiency of 
the treatment and the increased penetration caused by the 
vacuum would probably secure a greater permanence. Little 
service could be expected from any antiseptic superficially 
applied to wet, diseased wood. 

Replying to the question of Mr. Bigelow, as to the extent 
of the danger from dry rot, Mr. Hoxie stated that he had 
investigated about a dozen cases of dry rot in the past 
three years; the damage resulting had been found to vary 
from a few hundred dollars up to $90,000. Referring to the 
old house in Salem, Mass., mentioned by Mr. Bigelow, Mr. 
Hoxie stated that the condition mentioned is probably worm 
eaten sapwood. 
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Mr. Hoxie stated that it was probable that the fungi, 
which Mr. Woodbury mentioned, as dangerous in the decayed 
timber, were those frequently found in timber lying on the 
ground, not the dry rot which is proving destructive of mill 
trames. Referring to the use of hot rosin under the floor 
quoted by Mr. Woodbury, Mr. Hoxie stated that the heat 
might have value in sterilizing the lumber. <A space around 
beam ends in walls can admit moist as well as dry air. It 
the wall is cold and the air in the room contains a ligh 
percentage of moisture, the ventilating space will do more 
harm than good. 

In reply to the criticism of Mr. Plunkett, concerning a 
suggestion of methods for use in judging whether timber is 
susceptible or resistant, Mr. Hoxie stated that this matter 
was discussed quite fully in his paper. The percentage ot 
resin appears to be a reliable index of the power of resist- 
ance. 


CONTRIBUTED DISCUSSION 


HERMANN VON ScurRenkK’ (Abstracted). The author has 
reached some rather startling conclusions, which, briefly 
stated, are as follows: 

a The percentage of resin may be taken as an index 
of its power of resistance to rot in any one par- 
ticular piece of hard pine timber. 

b The present hard pine timbers obtainable in the 
market are practically all (as he designates 
them) “ non-resinous.” 

ce All of the pine timber now available has a low re- 
sistance to decay, and cannot with safety be used 
in factory buildings without preservative proc- 
esses. 

The conelusions are so at variance with the actual facts 
in the case that I deem it necessary to call attention to the 
obvious errors in the paper. 

In regard to resin as a factor in preventing decay, in view 
of the fact that the author’s major contention is based on 
the relation between resin and decay resistance, one would 
assume that there would be a good basis for such a state- 
ment. The only proof which the author presents is a cul- 
tural test made with two pieces of pine wood. He also calls 
attention to the resin content of some decayed beams shown 
in Fig. 6. To one familiar with the behavior of fungi, the 
cultural proof submitted is of no value whatever. The rea- 
sons fungi grow on one piece and not on another may be 
due to the moisture content, to the density of the wood 
fiber, to the presence or absence of various compounds, and 
to many other factors not referred to by the writer. The 
decayed beams shown in Fig. 6 are splendid examples of 
decayed sapwood, and I have no hesitation whatever in say- 
ing that the resin content of the particular wood which 
decayed probably had very little to do with the fact that 
this sapwood did decay. 

Numerous investigations have been made from time to 
time with relation to resin and fungus activity. Person- 
ally, I am of the opinion that the only function which resin 
has with respect to fungus growth is to act as a water- 
proofing material. A piece of pine wood having 10 per 
cent resin would be very resistant to moisture. Resin of 
itself is not an antiseptic. This may be illustrated by the 
fact that even in the most resinous trees wood-destroying 


1Member of firm, von Schrenk and Kammerer, Consulting Timber 
Engineers, St. Louis, Mo. 


fungi grow with the greatest ease. | have shown in iiumer- 
vous instances’ that one of the first steps in the attack of 
coniferous wood, containing considerable percentages of 
resin, is the liquefieation of the resinous substance, which 
advances in front of the growing fungi, and in frequent 
eases drips trom old knots. This subject might be diseussed 
at length (note for instance the high decay resistance of 
comparatively non-resinous woods like cypress and red- 
wood). One quotation, however, will sutlice. Tubeut, in 
his treatise on Diseases of Plants, page 62, says, “ Resin is 
in itself not antiseptic,” ete. The only so-called antiseptic 
funetion whieh ean be ascribed to resin is the physical qual- 
ity of preventing the entrance of fungus spores and the 
physieal power to prevent the entrance of water. Mr. 
Hloxie on page 24 refers to a possible analogy between 
tannin and resin. It seems hard to understand why, 1! 
tunnin is a preventive for fungus attack in oak trees, resi: 
should exercise a similar funetion in pine trees. The 
author’s citation of volume 29 is also unfortunate. in view 
of the fact that no mention whatever of tannin is made 
in this article. It is unquestionably true that recent ex- 
perience in various mill construction buildings has shown 
an inereasing percentage of timbers infeeted with dry rot. 
| consider it wholly unnecessary, however, to ascribe this 
to such a problematic factor as the resin content. I have 
personally examined a good many of the recent eases, and 
invariably find that where such decay has taken place it has 
been in timbers having a high percentage of sapwood. Mr. 
Hioxie shows this in a very striking manner in Fig. 6. It 
has been recognized for many years that the relative resist- 
ance to decay of sapwood and heartwood is very marked. 
Sapwood deeays rapidly and heartwood comparatively 
slowly. This is of course universally true of timber in which 
there is a marked distinction between heartwood and sap- 
wood. This is not the place to diseuss the reason for this 
relative resistance. It will be sufficient to point out that it 
is the sapwood factor in timbers which has given rise to re- 
cent difficulties, and not the resin factor. The proposal of 
the author to consider the resin percentage as a standard 
(p. 25), and his attempt to figure the value of a piece of 
timber use on the per cent of resin as a basis, is so extreme, 
that I hardly consider it worthy of refutation. At best, the 
engineering profession should go slowly before accepting so 
radical and unproved a suggestion, based as it is upon a com- 
paratively small number of laboratory experiments, which, 
so far as can be judged from the paper in hand, failed to 
take into consideration the numerous conflicting factors 
usually eliminated in such cultures. 

The second point brought out by the author is that the 
hard pine timbers now available are practically all non- 
resinous. I have looked through the paper carefully for 
some statement as to what the author means by “ non- 
resinous” pines. The impression given by the paper is that 
years ago there were a lot of timbers which come under the 
group of resinous timbers, but that these have now disap- 
peared. 

A possible change which might have taken place in the 
resinous character of the pines during the last ten or fifteen 
years, which suggests itself to me, is that during that period 
of time many of the long-leaf pines have been tapped for 
turpentine, and this possibly may have given rise to an im- 


2? Diseases of Trees, Year Book of Agriculture, 1900, p. 204, plate 
23. See also writings by Tubeuf and Hartig. 
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pression that removing the turpentine trom the pine tree 
makes it Jess resinous. This is certainly true so far as cer- 
tain portions of the sapwood are concerned, but it is not 
true of the heartwood, as evidenced in the report of the 
Forestry Service Bulletin No. 8. 

The which are re- 
moved from the tree during the turpentining operations, 
come trom the liquid portions contained in the sapwood 
resin canals. | am inclined to believe that Mr. Hoxie drew 
his conclusions from a comparatively small number of sappy 
least | 
decidedly without foundation. 


resinous materials of the 


pine tree, 


pieces; at would characterize his generalization as 
The variable in the 


content of pine timbers is obviously very great, and this is 


resiti 


well shown in the analysis which he presents in Fig. 7. 

Mr. Hoxie admits that there are still available four species 
of pine in the South, but he makes the very strong state- 
ment that hard pine lumber 12 in. sq., or larger, is not ob- 
tainable in suitable quantities without antiseptic treatment. 
It may be of interest to eall attention to the quanity of pine 
timber still standing in the Southern States. According to 
the last report,’ of the United States Bureau of Corporations 
for 1913 there still Southern 
J354.0000,000,000 ft. of vellow pine timber, which the 


are standing in the States 
sureau 
ol Corporations classifies into longleaf pine and shortleat 
pine. OF the 384,000,000,000 ft., 252,000,000,000 ft. are 
longleat pine and 152,000,000,000 ft. are shortleat pine. 
Referring to the eastern part of the country, it may be of 
interest to note that the amount of yellow pine still standing 
in the Southeastern States is as follows, in billions of board 
leet: 

LONGLEAF 


Alabama 25 


S HORTLEAF 


18.5 13.2 
N. Carolina (part)...... (Adtreene 2.9 22.7 


Assuming now that the longleaf pine available is typical 
longleat pine, no proof has been brought forward by the 
author of the paper that this is less fit for structural use 
than it was 15 years ago. The resin factor. I believe, ean 
The difficulty of obtaining such 
longleat pine timbers as were available 15 years ago is, as 
the writer admits, largely a matter of specifications. On 
p. 22 of the paper the author eriticizes the American Society 
for Testing Materials’ specification for adopting the terms 
“longleaf pine” 


be disregarded entirely. 


and “shortleaf pine,” going to the extent 
of characterizing this specifieation as “arbitrary.” I would 
eall attention to the that the classification “ long- 
leaf” pine and “shortleaf” pine is universally adopted not 
only by scientific authorities,’ but also by the lumber trade. 
Reference has just been made to the classification adopted 
by the United States Bureau of Corporations, in which all 
southern lumber pines are classified as longleaf pine and 
shortleaf pine. I would furthermore call attention to the 


Dept. of Commerce 
Lumber Industry. 


tact 


and Labor—RBureau of Corporations The 
Part I, Standing Timber, p. 76, 1913 

?From the United States Forestry Service, Bulletin No. 108, on 
Tests of Structural Timbers, 1912, concerning southern yellow pines: 
“The term ‘southern yellow pine’ is applied collectively to prac- 
tically all of the pines of the Southern States which are manufactured 
into lumber. On the market the manufactured lumber is divided 
into two classes, longleaf and shortleaf. Material with more than 
8 or 10 rings per inch, and containing a comparatively large amount 
of summerwood and less than 30 per cent. of sapwood, is called long- 
leaf pine: while material with fewer than 10 rings per inch, slow- 
growing material that is light in weight, and which contains much 
sapwood, is called shortleaf pine. Commercially, therefore, the terms 
‘longleaf’ and ‘shortleaf’ are descriptive of quality and have little 
botanical significance.” 
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fact that the largest percentage of yellow pine lumber is 
today being manufactured under the rules of two organiza- 
tions, the Georgia-Florida Sawmill Association (annual cut 
about 800,000,000 ft.) and the Yellow Pine Manufacturers’ 
Association (annual cut about 4,500,000,000 {t.). Both of 
these associations divide all yellow pine into longleaf and 
shortleat pine (see their standard grading rules). 

It was tor the reason that these commercial classifications 
are practically standard that the American Society for Test- 
iig Materials indorsed them. The problem of distinguishing 
between these two grades is a diflicult one. IL thoroughly 
coneur with Mr. Hoxie that the line of demarcation between 
ihe two is very vague, and almost impossible to establish 
with any degree of accuracy. The American Society for 
Testing Materials suggests that the distinction between the 
two be based on the density, that is, on the number of 
growth rings per inch, This distinction may not be the best, 
but can be used when liberally interpreted where a botanical 
distinction is out of the question. Attention is furthermore 
called to the tact that the distinction on the basis of density, 
made by the American Society for Testing Materials, was 
largely trom the standpoint of strength. 
tien 


No specific men- 
is made as to lasting power, because that factor was 
taken care of in the specification for bridge materials by 
~eparate clauses. Attention is called to the standard speei- 
lation tor structural timber adopted by the American 
Society for Testing Materials in 1907,’ in which for No. 1 
longleaf pine stringers the specification calls for timbers 
Which show not less than 80 per cent heart on each of the 
four sides, measured across the sides anywhere in the length 


ot the piece. For caps and sills the specification calls for 


SO per cent heart on each of the four sides. In other words, 
the American Society for Testing Materials’ specification 
calls attention, first, to the necessity of getting denser tim- 
ber, and to timber free from sap. Similar specifications are 
in toree in the American Railway Engineering Association. 
The rule quoted by Mr. Hoxie on p, 22 as prime, practically 
says the same thing. It is somewhat surprising, therefore, 
to read below this: * This specification for prime quality loses 
nest of its force when applied to pine of the type shown 
in Fig. 4.” 
to be almost wholly sap, and the lower over 50 per cent sap. 
Certainly neither of these two pieces could by any possible 
means come within the specification “ prime,” 


Reference to Fig. 4 shows the upper timber 


or the Ameri- 
can Society for Testing Materials’ specifications for long- 
leaf pine. The same is true of all of the figures shown on 
Fig. 6, not one of which would begin to fulfill either of these 
two specifications. 

The chief trouble with a good many of the failures has 
doubtless been that the purchaser has not given the timber 
the proper inspection, because with the specifications avail- 
able, both of the lumber manufacturing organizations and 
the American Society for Testing Materials, I can see no ex- 
cuse whatever for anybody putting timbers such as shown 
on Fig. 6 into a mill of any sort. My main contention is 
that the writer of the paper has missed the chief point in 
connection with this discussion, and that is that the impor- 
tant factor in the lasting of yellow pine in buildings is not 
the resin content of the timber, but the percentage of sap- 
wood allowed on such timbers. In a recent building failure, 
which I had to examine personally, in which a large number 
of timbers had failed, the failure was in timbers with a high 


Page 191. 


~ % 
bes 
+ 
a\* “ar 


30 SPECIFICATIONS FOR FACTORY 


percentage of sapwood, and in the practically all-heart tim- 
bers there was only one case of decay, and that one was 
very slight. 

If one specifies longleaf pine timbers for buildings, and 
strictly adheres to the specification, limiting the amount of 
sapwood, one will find that the timbers available will give 
just as good service, from the standpoint of length of life, 
as those furnished in the past. I agree entirely with the 
author when he says that timbers of the type shown on his 
Figs. 3, 4 and 6 should under no circumstances be used in 
factory buildings without preservative treatment. I believe, 
however, that he has given an entirely wrong picture when 
he accuses all longleaf pine timber of lack of decay resist- 
ance, when such lack is due largely to the amount of sap- 
wood on the timber. 

In closing this criticism, 1 venture to add that many a 
producer of lumber has been remiss in furnishing sappy 
timber under a heart specification, and if there is one point 
which ought to be emphasized with the greatest strictness on 
the part of engineers, it is that they shall refuse to accept 
inferior timbers such as those shown on Fig. 6. There has 
been a marked change in the nature of the timbers manu- 
factured in the southern yellow pine field during the past 
seven or eight years. When southern yellow pine was first 
introduced in northern markets, it was almost wholly strictly 
longleaf yellow pine. The older buildings were almost with- 
out exception built of this heart longleaf yellow pine. The 
early shipments of longleaf pine usually came from Georgia 
and Florida. During recent years the pine forests of the 
more northern states have been drawn upon, and large 
quantities of timbers are manufactured in North Carolina, 
South Carolina and Virginia. Most of these are shortleaf 
and loblolly pine, in which the percentage of sapwood is 
very much higher than in the true longleaf pine. I have had 
numerous occasions to protest against the acceptance of 
sappy shortleaf timbers (shortleaf and loblolly pine) for 
construction purposes, and frequently it has been difficult 
to make the manufacturers of this class of lumber under- 
stand that they will not be acceptable to the engineer where 
both strength factors and lasting qualities are desirable. 
Too much stress cannot be laid upon the necessity for care 
in not only specifying, but also inspecting every piece of 
pine timber intended for a building in which both strength 
and lasting qualities are factors. The poor experience ob- 
tained in many recent instances, and specifically those to 
which Mr. Hoxie refers, are without doubt due to the fact 
that in these particular buildings sufficient care was not ex- 
ercised in seeing that these inferior pieces were excluded. I 
have repeatedly criticized the lumber manufacturers for 
their failure to live up to their end of the contract. I have 
also repeatedly criticized the laxity which exists among en- 
gineers and architects who allow the contractor or lumber 
salesman to give them sappy loblolly or shortleaf pine 
where longleaf pine has been specified. It is highly desir- 
able that the very inspection which the writer of this paper 
despairs of should be strengthened, and that wider pub- 
licity should be given to the caution to use only heart tim- 
bers, and to be sure that you get heart timbers when vou 
buy them. 

Summarizing the chief points in this criticism: 
a Resin cannot be taken as an index of the natural 
resistance to rot of pine timbers. 
b There is no basis for the statement that all pine 
timbers now available are non-resinous. 
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c Longleat pine timber is still available in large quan- 
tities for acceptable factory construction. 

d Where specifications are written for such factory 
construction, the greatest stress should be laid 
upon the percentage of sapwood allowed, be- 
cause it is the sapwood and the sappy pieces 
which decay. All recent cases, so far as known 

to me, have been cases of decay of sapwood tim- 
bers, and not of all-heart timbers. 

e No timber should be put into a building without 
rigid inspection, to make sure that only such 
timbers are furnished as are strictly in accord 
with the specifications. 

Tue AvurHor.—Laboratory experiments have been by far 
the least important factors in my conclusions as to the et- 
tect of resin in retarding dry-rot fungus. Beams which have 
rotted in place seriously in several mills under average mill 
conditions have been used tor most of my experiments. 
Undoubtedly the most important antiseptic 
resin is its waterproofing action. 
without doubt desirable. 

Three references will be tound in foot notes on page 24; 
the last reference shows tannin to be the cause of the im- 
munity in the oak flooring mentioned in the first. This is a 
discussion of the qualities of pine that rots and of pine that 
It is 
also a question of diseases of mill beams, not diseases of liv- 
ing trees. 

Most of the material shown in Figs. 4 and 6 is the eon- 
ventional longleaf pine and fills the requirements of Bulle- 
tin No. 108 of the U. S. Forest Service, as quoted. I must 
differ with Dr. Von Schrenk as to the sapwood; the per- 
centage is not large and more heartwood than sapwood has 
rotted. The beam shown in the lower part of Fig. 4 must 
be longleaf pine, as it is fine-grained; it must be prime 
quality as it is nearly all heartwood. 
questionably rotted. 


funetion of 
Further observations are 


does not rot, not of pine versus cypress or redwood. 


Nevertheless it is un- 
Atter a timber has rotted it is very 
easy for almost anybody to say that it was poor material, 
vut it is frequently much more difficult to predict what it 
will do before it has rotted. 

Dr. Von Schrenk states that such timbers as those shown 
in Figs. 3, 4 and 6 should under no consideration be used 
without antiseptic treatment. If so, as most of these are 
conventional longleaf pine, of prime quality, it is logical to 
infer that all hard pine timber would require antiseptic 
treatment to assure its lasting qualities. 

I think I have not said that there has been any change in 
the true longleaf pine except the use of its name for other 
varieties. The statistics quoted, giving an estimate of the 
conventional longleaf pine standing in the South, do not 
prove that it will be found more resistant to decay when it 
is cut into timber than the present lumber supply, which is 
admittedly less resistant than that of former years. 

In the following Dr. Von Schrenck agrees with my state- 
ments: 

a Hard-pine mill frames erected within the last 
seven or eight years show greater tendency to 
rot than those erected earlier. 

b The name longleaf pine now has an arbitrary 
meaning without botanical significance. 

c The distinctions between lumber which is conven- 
tionally called longleaf and that which is con- 
ventionally called shortleaf are vague; much is 
left to the generosity of the lumber dealer and 
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the good judgment of the inspector. and lum- 
ber dealers are frequently without generosity and 
inspectors without judgment, accentuating the 
need of concise specifications. 
d True longleaf pine is as good now as it ever was. 
e The general run of southern pine is much poorer 
now than in former years. 

But we disagree as to the value of the percentage of 
resin as an index of the resistance of hard pine to dry rot 
in mill timber; as to whether or not heartwood is a guar- 
antee of fungus immunity; and as to the necessity of gen- 
eral antiseptic treatment of hard pine for mill frames. 

1 am not trying to demonstrate that resin as a water- 
proofing agent, or otherwise, retards the progress of rot. 
This has been a matter of common knowledge for centuries. 
What I do want to determine is how much resin is neces- 
sary to retard dry rot sufficiently in mill timber to make it 
reasonably safe for use in mill construction with average 
conditions. I further want to know what the chances are 
of getting such resistant lumber from the present lumber 
market. If it is not practicable to be certain of getting 
such timber by methods in general use, | want to decide 
upon an antiseptic treatment which ean be practically ap- 
pled and which will render the poorest varieties of timber 
sufliciently reliable to be used with safety, so that the mill 
owner may be reasonably assured that his expensive struc- 
ture will not be seriously damaged by dry rot in a few 
years and that a rotted column or beam will not cause an 
accident which may kill his employees. Any assistance 
which Dr. Von Schrenk can offer along this line of endeavor 
will undoubtedly be appreciated by the mill engineers of the 
country. 


MEETINGS 
MINNEAPOLIS—ST. PAUL, NOVEMBER 5 


Sixteen members of the Society met at the Hotel St. Paul, 
St. Paul, Minn., on November 5, for the purpose of organ- 
izing in that vicinity a branch of the Society similar to those 
already in existence in ten other cities. The meeting was in 
charge of Max Toltz, as temporary chairman, and E. J. 
Heinen, as temporary secretary, and a great deal of interest 
was shown in the formation of this organization. The 
election of officers for the year was as follows: the two tem- 
porary oflicers were made permanent, the duty of treasurer 
being added to that of secretary, and Mr. C. L. Pillsbury 
was chosen as vice-chairman. The name of the organization 
was definitely decided upon as the “ Minnesota Branch of 
The American Society of Mechanical Engineers.” 

Plans for the Spring Meeting of the Society, which is to 
be held in the Twin Cities, as decided at the last Spring 
Meeting in Baltimore, were also set on foot by the election 
of an executive committee consisting of the following mem- 
bers: Oliver Crosby and Henry LeR. Brink, of St. Paul; 
John J. Flather and Wm. H. Kavanaugh, of Minneapolis; 
T. W. Hugo, of Duluth, and Messrs. Toltz and Pillsbury. 
members ex-officio. 


PHILADELPHIA, DECEMBER 10 


The meeting of the Society in Philadelphia, on Decem- 
ber 10, was preceded bya dinner at the Engineers Club, at 
which the Committee on Meetings in Philadelphia enter- 
tained the speakers of the evening, Messrs. Morris Llewellyn 


Cooke, Mem.Am.Soc.M.E.; J. B. Lichtenberger; Lewis H. 
Kenney, Mem.Am.Soc.M.E.; Calvin W. Rice, Secretary of 
the Society; Henry Hess, Manager of the Society; and John 
Price Jackson, Mem.Am.Soc.M.E., 
Labor of the State of Pennsylvania. 

The first paper of the evening was read by Mr. Kenney, 
who chose as his subject, How far shall Judgment be ex- 
ercised in the Interpretation of Engineering Specifications. 
The author is draftsman-in-charge of the machinery divi- 
sion of the Philadelphia Navy Yard. Mr. Cooke, who is 
director of the department of public works of the City of 
Philadelphia, read the second paper, and Mr. Lichtenberger, 
lawyer and lecturer on business law at the University of 
Pennsylvania, the concluding paper. 


and Commissioner of 


An interesting dis- 
cussion which was participated in by Messrs. Rice, Hess, 
Jackson, Henry H. Quimby, Thomas C. MeBride, Mem.Am. 
Soe.M.E., and Inspectors Wheeler and Willits, closed the 
program. 


ST. LOUIS, DECEMBER 13 


The annual meeting of the St. Louis branch of the Society 
was held December 13, 1913, at the Mercantile Club. 
Thirty-eight members and guests were present, Prof. E. L. 
Ohle presiding. John Hunter, a member of the Committee 
on Meetings in St. Louis, who has recently been elected one 
ot the Managers of the Society, was present and received 
the good wishes and congratulations of his friends; R. H. 
Tait told in a few fitting words of the esteem and honor in 
which Mr. Hunter was held in the engineering profession 
and said that the St. Louis members felt great pride in the 
honor that had come to one of their number. Mr. Hunter 
in reply reviewed some of the important incidents in his 
career on both land and sea, drawing attention to the great 
strides that have been made in steam engineering during 
that period, especially in steam turbine units. 

Mr. Gustafson, superintendent of the Rankin School of 
Mechanical Trades. gave an interesting account of his trip 
in Europe last May, when he investigated the important 
trade schools on the Continent. He said his work was 
greatly facilitated by the assistance he received from Prof. 
Conrad Matschoss of the Verein deutscher Ingenieure, 
whom he had previously met when on a visit to this coun- 
try last spring. H. Wade Hibbard, Mem.Am.Soec.M.E., gave 
an interesting account of the Annual Meeting of the Society, 
and urged all who could to attend these meetings in the 
future. 


BOSTON, DECEMBER 18 


A joint meeting of the Boston Society of Civil Engineers, 
and the Boston sections of the American Institute of Elee 
trical Engineers and of this Society was held at the Engi- 
neers Club, the program being in the hands of the Electrical 
Engineers. Mr. B. A. Behrend, Mem.Am.Soe.M.E., gave an 
illustrated lecture entitled, A Great Engineering Disaster 
and the Lessons Learned Therefrom. The talk was a very 
entertaining and profitable one. 


NECROLOGY 


VICTOR HUGO 

Victor Hugo was born at Kingston, Ontario, Novem- 
ber 20, 1873. He was the son of T. W. Hugo, Mem. Am. 
Soe. M. E., who in 1881 moved with his family to 
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Duluth, Minn. Victor Hugo received his engineering 
education at the University of Minnesota, from which 
he was graduated in 1896 with the degree of M. E. He 
began his career as assistant to his father, consulting 
mechanical engineer of Duluth, in July, 1896, and two 
years later entered the Chicago inspection force of the 
Hartford Company. Late in the following year he 
was transferred to St. Louis, and shortly afterwards 
was appointed chief inspector of that department. On 
January 1, 1905, he was promoted to the position of 
manager, a position he held till his death on January 
31, 1913. 
ANDREW MARTIN SCHREUDER 

Andrew Martin Schreuder was born in Syracuse, 
N. Y., October 17, 1874. He obtained his early edu- 
cation in the public schools of that city and his teeh- 
nical training at Cornell University, where he was 
graduated in 1897. He was subsequently connected 
in various capacities with the Geo. M. Newhall En- 
gineering Company, the Tabor Manufacturing Com- 
pany and the Woodbridge Manufacturing Company. 
In 1908 he became associated with the Philadelphia 
Textile Machinery Company, at the time of his death, 
‘January 1, 1918, being its superintendent and chief 
engineer. He had developed designs for and success- 
fully built and installed a number of the largest dryers 
in operation and was engaged in the development of 
dryers for explosives and inflammable materials. 

He was a member of the Cornell Club and of the 
Vranklin Institute of Philadelphia. 


WILLIAM OLIVER WEBBER 


William Oliver Webber was born at Springfield, 


Mass., January 4, 1856, and was educated at the pub-. 


lie schools of Manchester and Portsmouth, N. H., and 
of New York. He served his apprenticeship at the 
Manchester Locomotive Works from 1871 to 1874, and 
since then has served in engineering capacities in the 
locomotive department of the Boston & Maine Railroad 
Company ; with the Toledo, Peoria & Warsaw Railroad 
Company, Peoria, Ill.; with the United States Cen- 
tennial Exposition, Philadelphia, in 1876; in the test 
department and laboratory of the Chicago, Burlington 
& Quiney Railroad Company, Aurora, Ill. In 1881 
Mr. Webber was made superintendent of the Allen 
Paper Car Wheel Company, Pullman, Ill., and six 
vears later, commissioner of Abolition of Grade Cross- 
ings in Massachusetts. He relinquished this position 
one year later to accept the superintendency of the 
Erie City Iron Works. Since 1894 he has been a con- 
sulting engineer in the firm of Webber & Smith, Me- 
chanieal, Hydraulic and Dynamic engineers, of Bos- 
ton. He acted as expert in the United States and 
Cireuit Courts. 

Mr. Webber had been a member of the Ancient and 


llonorable Artillery Company since 1884, and engi- 
neer officer of the First Brigade Staff, United States 
Navy, from 1901 to 1904. He was a member of the 
Boston Society of Civil Engineers, the Society of Co- 
lonial Wars, United States Military Institute and the 
United States Naval Institute. He died January 9, 
1913. 
WILLIAM H. LEACH, JR. 


William H. Leach, Jr., was born in Brooklyn, N. 
Y., September 4, 1873. He received his technical edu- 
cation as a mechanical engineer at the Massachusetts 
Institute of Technology, being graduated in 1897. Im- 
mediately upon graduation he entered the employment 
of the Union Metallic Cartridge Company of Bridge- 
port, Conn. During his fourteen years of service there 
he acquired an intimate knowledge of many of the 
manufacturing processes used in the fabrication of the 
companies’ products; he designed machines for manu- 
facturing primers, and for packing them, loading and 
packing cartridges, machines for weighing powder 
charges and delivering them into their cartridge shells, 
leading apparatus for rapid-fire ammunition, ete. His 
work consisted also of laying out and setting up ma- 
chines, and systematizing the work in the engineering 
department. During the last two years of his business 
life he was research engineer for the company and was 
considered one of the foremost experts on ammunition 
in the country. He died in Newton, Mass., September 
6. 1913, after an illness of two years. 


GEORGE HAMPTON SMITH 


George Hampton Smith was born in Pittsburgh, 
Pa., September 29, 1578. He attended the public 
schools of Pittsburgh and immediately after gradua- 
tion from high school entered the Carnegie Steel Com- 
pany where he was under the direct supervision of 
James Scott, superintendent of the Isabella and Lucy 
furnaces of the Carnegie Steel Company, Pittsburgh. 
}lis experience covered all phases of blast-furnace 
work, including the drafting room, and in this man- 
ner he gained a wide and thorough knowledge of blast- 
furnace construction. He was graduated in 1910 from 
the Carnegie Technical Schools in mechanical eng.neer- 
ing and in 1911 was made assistant to the chief en- 
gineer under Mr. Scott at the steel works. In this 
capacity he had charge of practically all the construe- 
tion and drawing room work in connection with the 
building of modern thin lined water-cooled furnaces 
with which he had great success. At the time of his 
death, May 20, 1913, he was engaged in remodeling 
the stacks of the Carnegie company’s Edgar Thomp- 
son works at Braddock, Pa. 

Mr. Smith was a member of the Railway Club of 
Pittsburgh, and president of the Council of Aspinwall, 
where he had made his home for the past ten years. 
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OPERATION OF LARGE BOILERS 


NOTES ON THE FURTHER OPERATION OF LARGE BOILERS OF THE DETROIT 
EDISON COMPANY 


BY J. W. PARKER, DETROIT, MICH. 


Junior Member of the Socicty 


T the December 1911 meeting of the Society, Dr. D. 
S. Jacobus presented a paper' giving the results 
of the first performance tests on the 2365-h.p. Stirling 
boilers at the Delray generating plant of the Detroit 
Edison Company. At the time of his tests three of 
these boilers were in service, one having been run about 
18 months and the others nine months. Since that 
time six more of the type have been installed at the 
rate of two a year, the last two in the autumn of 1918. 
It is the object of this paper to present some report of 
the everyday experience in operating all these boilers. 

Reliability. That a boiler unit can be made so re- 
liable that it may in this respect be classed with the 
turbo-generator, has been the experience with the nine 
boilers installed at Detroit. Table 1 shows the per 
formance of six of these units during October, Novem- 
ber and December of 1912. This period was selected 
as being the time when reliability was essential on ac- 
count of the plant load conditions. The load curve of 
the plant shown in Fig. 2 is typical. At no time was 
it compulsory to put a boiler out of commission; at no 
time was any boiler out of commission during the peak 
load of the day, from four o’clock to six o’clock in the 
afternoon. Of the 215 hours the three Taylor stoker- 
fired boilers were taken out of commission, but 8! 
hours occurred during the five peak days of the week. 
Monday to Friday. This time was employed in clean 
ing furnaces, repairing stokers and inspecting tubes 
externally. The boilers themselves proved to be 100 
per cent reliable. 

Possible Cause of Trvuble. The causes which might 
take boilers out of commission at times when they are 
needed for service, are being eliminated. There are 
three sources from which to expect trouble: (a) the 
boiler proper, (b) the furnace brickwork, and (c) the 
stoker. 

(a)The boiler itself need be no hazard. Fittings 
and flanged joints, if properly watched and followed 
up, do not cause shutdowns. The same is true of the 
tubes, which are seamless. From October 15, 1912, to 
November 1, 1913, there have been but two tubes re- 
placed in seven boilers whose average age is two years. 
One front tube was taken out after the discovery of a 
small bag next to the fire, which was found during a 
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periodical external inspection of the front tubes dur- 
ing furnace repairs. The other tube was in the back 
row and was spoiled by a mishandled turbine tube 
cleaner. Its condition was discovered while the soot 
was being blown from the heating surfaces by hand 
blowers. However, the leak was very slight and the 
boiler was not cut out of service until night. 


4 


Fig. 1 Genera View or 2365-n.p. BoILER AND STOKER BEFORE 
BEING BRICKED UP 


The plant is using about 8 per cent of make-up 
water, and although Detroit River water at Delray is 
not considered bad for boilers, nevertheless, a sulphate 
scale about 1/16 in. thick forms in the hot front tubes. 
These front surfaces are worked exceedingly hard and 
scale of even 1/16 in. thickness may make trouble. A 
soft piece of mud lodging on top of the hard seale is 
likely to cause a small bag. This trouble can oceur 
only in the lower bends of the first row tubes, where 
loose dirt sometimes lodges. 

Tube trouble will be practically eliminated by the 
use of pure water. The make-up water is now river 
water, treated with enough barium hydrate to neutral- 
ize the sulphate content. The percentage of make-up 
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can be reduced to between 2 and 3 per cent by avoiding 
the necessity of blowing down boilers. It is seriously 
contemplated to use distilled water for make-up. There 
seems to be a lack of evidence that distilled water is 
of itself corrosive. The cost of distilling would be 
almost negligible, since the heat required to evaporate 
the raw water would be kept in the system by using 


SHOWING TIME BOILER UNITS WERE OUT OF 
COMMISSION 


TABLE 1 


} 

| Boilers Nos. 25, 27 
and 33 

| Taylor Stoker 


Boilers Nos. 
and 30 
Roney Stoker 


26, 28 


] 


Hours Per Cent | Hours Per Cent 
Total Number of Boiler-Hours 
5160 | 24 
Number of Boiler-Hours out of | | 
Service (cleaning)........... 298 | 323 
Total Number of Boiler-Hours | | 
available for Service......... 4862 6301 | 
| | 
Total Steaming Hours... . . 3178 65.4 3504 57 0 
Total Banking Hours.......... 1469 30.2 | 1764 28.0 
Out of Service at Night........ 26 0.5 | 
Out of Service at Week End... 100 2.1 | 219 3.5 
Out of Service for Week-day . 
*89 1.8 +724 11.5 
4862 100.0 | 6301 100.0 
} 


* Cleaning Furnace, Inspecting Tubes and Repairing Stoker, 89 hours. 


Hours 
+ Repairing Stoker.............. 537 
Repairing Furnace Wall........ 173 
Packing Blowoff Valves........ 14 
724 


main turbine condensate for cooling water in the dis- 
tillation process. To safeguard against any possible 
boiler corrosion, enough soft scale forming material 
would be introduced into the feedwater to cover the 
heating surfaces with a thin protecting scale. 

(b) Furnace brickwork is with the underfeed stoker 
reduced to a minimum as evidenced by Fig. 3. It con- 
sists of the four furnace walls and nothing more. Much 
work has been done to make these walls stand up. It 
has been necessitated on the ground of maintenance 
cost only, however, since if certain sections of the fur- 
nace are rebuilt once a year, there is no chance for 
sudden trouble which would cause a shutdown. There 
has been no such sudden trouble. 

(c) The stoker remains to be considered. The falli- 
bility of the stoker is not great. Repairs ordinarily 
made are the replacement of tuyeres, dump plates and 
the like which have burned out. The work, mentioned 
in later paragraphs of this paper, which has been done 
to decrease stoker maintenance costs has, as in the ease 
of brickwork, made it unlikely that the boiler need 
ever be taken out of commission for this cause, except 
when the plant load conditions permit it. 
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There have been cases of sudden stoker breakdown, 
sometimes occasioned by the introduction of chunks of 
iron or wood into the stoker rams, along with the coal. 
Also, there have occurred once or twice, serious burn- 
outs of tuyeres and other grate surfaces extending 
over an area of 5 or 6 sq. ft. In these instances, the 
fire can be, and has been, banked on the one side of the 
furnace where the trouble exists and the other half of 
the furnace operated to get half capacity from the 
boiler. This one-side firing is entirely practicable. 

To sum up, the experience has been this: the boilers 
were ready for service 95 per cent of the time consid- 
ered ; they were ready 98 per cent of the five full load 
days of the week; and ready for service 100 per cent 
of the time during the peak load periods. It is to be 
assumed that the boilers must be down for ten days 
or two weeks at nine or ten month intervals for boiler 
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Fig. 2. Peak Loap Curve, December 6, 1912 


cleaning and a general overhauling of stokers and 
brickwork. 

Recent Design. On the above considerations, the 
Detroit Edison Company is now building a power 
plant to contain six 20,000-kw. turbines served by 12 
of these 2365-h.p. boilers, which is two boilers to one 
turbine, with no spares, or 10,000 kw. per boiler. Al- 
though the chances of losing the capacity of any boiler 
by a forced shutdown are remote, they have neverthe- 
less been considered. At normal full load on a given 
turbine unit, the two boilers will operate at approxi- 
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mately 191 per cent of the builder's rating based on 
10 sq. ft. of heating surface per boiler horsepower. If, 
with six boilers running at this rating, one boiler 
should go completely out of commission, the other five 
would have to carry the entire load of 60,000 kw. and 
thus operate at 235 per cent of rating, which is perfect- 
ly possible. As a matter of fact, the settings and auxili- 
aries are being designed to allow of continuous opera- 
tion at 255 per cent of rating, which would enable 
three boilers to take the full load of four, i. e. 40,000 
kw. Very recently, one of the Delray boilers was iso- 
lated from the rest of the plant with a 15,000 kw., 
seven-stage Curtis vertical turbine, and over 11,000 
kw. was carried for an hour without difficulty. 
Flexibility. The over-all boiler and furnace effi 
ciency of the Taylor stoker-fired unit tested by Dr. 
Jacobus is shown by Fig. 4. The curve is a straight 
line throughout the range tested, having a gradual 
slope from 80 per cent efficiency at 93 per cent of 
rating, to 76 per cent efficiency at 214 per cent of 
rating. It is economical, therefore, to run as many 
boilers as possible at about 90 per cent of rating when 
the plant load is light, and then carry the peak of the 
load by increasing the rating on the boilers. This is 
our present practice. In this way, from morning till 
night there need be no fires banked or broken out of 
bank, and the firemen can bend their energies instead 
to manipulating their fires to the best advantage. 
This flexibility is at no time more convenient than 
in summer when provision must be made for a sudden 
peak load due to a thunderstorm. At Delray, in the 
summer of 1914 the average day load will be about 
63,000 kw., while provision must be made for a storm 
load of about 82,000 kw., a 30 per cent increase. Boil- 
ers ordinarily running at 100 per cent or 125 per cent 
of rating (a very economical point) will take a 30 
per cent increase in load with very little effort. No 
banked fires will be carried during the daytime. 
Control Methods. A boiler of such output assumes 
enough of importance and individuality, so to speak, 
in a 120,000-kw. plant to gain for itself unusual atten- 
tion from the man who is firing it. One fireman fires 
two units. The control of each unit is brought directly 
under his hand in every way possible, so that a mini- 
mum of time will be wasted in mechanical manipula. 
tion. Fig. 5 is a view of the gage board and control 
point for one boiler. A water tender stationed on a 
gallery at the top drum level feeds the boiler but the 
fireman does everything else in the way of operating. 
The boiler dampers are shifted at the control point. 
and the throttles of the blower turbines are extended 
through the floor, the valve stand being seen in the 
view, near the gage board. The stokers are motor 
driven and one of the controllers is located on a steel 
column 6 ft. away from the gage board ; the other could 
have been brought around also, but it was thought 
unnecessary, since a man must walk around to the 
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stoker on the distant side to watch it and to study 
his fire. The control point of the opposite boiler is 
located just across the aisle from the first. 

The plan is for one man to operate two stokers, and 
in addition, to have a head fireman in charge of from 
six to eight units, whose duty it is to oversee all the 
fires, and go to the assistance of any fireman who needs 
help. On the gage board are mounted steam gages 
showing pressure at the superheater inlet and super- 
heater outlet and draft gages showing air pressure 
under the fire, draft at the damper, and draft at the 
top of the combustion chamber. There is also on this 


board the record dial of a CO. meter. The meter itself 


Fig. 3 


Insipe View or Furnace Taytor STOKER 


is mounted on a gallery 15 ft. above the boiler room 
in a position central of four boilers. Four samples of 
gas are drawn from one furnace, automatically mixed, 
and the resulting analysis is recorded where the fire- 
man ean wateh it. 

Fireroom Personnel. The whole idea is to employ the 
most expert firemen it is possible to develop, and give 
each man control of the burning of a very large 
amount of coal. It is economical to employ a fine type 
of man and pay him an expert’s pay. The present 
first-class fireman’s pay is 40 cents an hour and he is 
well treated as to vacation and sick leave. These men 
are given the benefit of whatever boiler testing is done, 
and a force of firemen is being built up that can ob- 
tain remarkable results with their fires. They are ac- 
quiring an intelligent working understanding of the 
combustion of coal. At the same time the unit cost of 
firing will be unusually low. The Table 2 is a schedule 
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of the labor necessary to handle 12 boilers of a six- 
turbine plant with no economizers installed. 

The number of men allowed for such a plant is 
ample as shown by long experience at Delray. The 
cost per day is 55 per cent as much as the firing cost 
in a neighboring manufacturer’s plant equipped with 
24 278-h.p. Babeock & Wilcox boilers fired by overfeed 
stokers and equipped with economizers. In this plant 
it was found that maximum boiler and furnace effi- 
ciency was obtained while running the boilers at 95 
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Fia. 4 Curve sHowING Over-ALL Erricrency or BorLeR AND 
FURNACE AT DIFFERENT RatTinGs—TAYLOR-STOKER Frrep Units 


per cent of rating, and, with a load factor of nearly 
100 per cent, it was considered economical to operate 
at that rating. In order to make a comparison of the 
cost of firing large units and small units, it has been 
assumed that the small boilers could be operated over 
the same range as the large ones. At the same time 
it has been assumed that both plants operate with the 
same load factor. The comparison is greatly in favor 
of the large unit, notwithstanding the fact that the 
scale of pay on these boilers is much higher than that 
on the 278-h.p. boilers. It is to be noted that the load 
factors are for monthly periods. 


TABLE 2 LABOR COST OF FIRING A 12-BOILER PLANT 


Maximum load........ 120,000 kw. 12 boilers at 191 per cent 
Minimum load........ 20,000 kw. 4 boilers at 96 per cent 
Monthly load factor (November)................... 46 per cent 
Operators employed— 

Morning shift 6.30- 2.30 2 head firemen at 45 cents. $7.20 


6 firemen at 40 cents....... 19.20 

2 watertenders at 35 cents... 5.60 

Afternoon shift 2.30-10.30 2 head firemen............ 7.20 
19.20 

2 watertenders............ 5.60 

Night shift 10.30- 6.30 6 firemen. ............... 19.20 
1 watertender............. 2.80 

$86.00 

Cost of firing boilers—cents per kw.-hr.................. 0.0076 


Actual cost in a neighboring manufacturing plant’s boiler 

room to generate an equal amount of energy but at 100 

Estimated cost in neighboring manufacturing plant’s boiler 

room if load factor is 46 per cent (allowing 191 per cent 
Scale of pay—watch foreman............... 314 cents per hour 
25 cents per hour 


Pilot Steam Gage and Indicators. At the end of 
each firing aisle is mounted a large pilot steam gage. 
The dial is graduated in divisions of 114 in. on its cir- 
cumference but with no figures, and each seale division 
registers 1 lb. per sq. in. It is found and marked at 
just what point on this sensitive gage the boiler safety 
valves will lift and the steam pressure is carried ac- 
cordingly. On the same gage board with the pilot gage 
are a clock and the dial of a load indicator, operated 
from the switchboard gallery, indicating the load on 
the entire plant in kilowatts. In handling his fires, 
the fireman is guided in the first place of course, by 
steam requirements as shown by the pilot gage and a 
steam flow meter. The air pressure under the fire and 
the stoker speed are controlled by hand. 

Variable Stoker Speed. As before mentioned, the 
stokers are driven by motors. These are direct-current 
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interpole machines with a speed control by field re- 
sistance of four to one, and with 18 running points on 
the controllers. Indicating dial tachometers are being 
installed on the stoker shafts, so that the stoker speed 
for a given load may be watched carefully. An im- 
mense advantage is gained by being able to run the 
stoker at any given constant speed. The amount of 
power required to drive the stokers is extremely vari- 
able, and it is difficult to make a steam stoker engine 
govern under these conditions with a controlled range 
of speed variation of four to one. 

As to furnace conditions, the firemen must judge by 
the CO, recorder, by the amount of air pressure neces- 
sary for any given boiler load, and by no means least 
of all by the color of the gases as they tumble over the 
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first baffle and enter the top of the superheater pass, 
Fig 6. A reflecting observation device for this is at 
‘present being tried out, which allows the fireman to 
look into this boiler pass from a position near his gage 
board, instead of, as now, being dependent for this 
valuable indication on observation by the watertender 
or foreman. 


Possibilities of Automatic Control. It is a question 
not vet entirely settled whether it would or would not 
be better to forsake hand control of these boilers for 
automatic control. It has been suggested that feed- 
water regulators be used and that some automatic 
steam pressure governed apparatus control the air 
pressure under the fire and the stoker speed. That is 
not necessitated by labor cost; neither by the need of 


Fic. 9 Sream Pressure CuHart, JaNuary 7, 1913 
steam pressure regulation, as is evinced by the repro- 
duction of the steam pressure chart in Fig. 9; this chart 
covers January 7, 1913, a day with wide variation of 
load. Our prejudice, if not our final judgment, is 
against automatic control. 

As for feeding the boiler, a skillful water tender 
learns not to touch his feed valve except at rare inter- 
vals and when the load on the plant becomes steady, 
the steam flow is continuous also. One automatic feed- 
water regulator was experimented with. It was not a 
success, due in most part to a peculiarity of this type 
of boiler. On account of the rapid circulation, the 
water in the top middle drum stands at times as much 
as 2 ft., or more, higher than in the two outside drums, 
although the three are connected with water circulat- 
ing tubes as well as by steam circulators and the main 
boiler tubes. The water columns are piped to the center 
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drum, there being often no indication whatever of 
water in the outside drums. 

The water level as shown in the glass under the 
above conditions, naturally, is variable, being a fune- 
tion of the rate of steaming. This being the case, it is 
easy for a feedwater regulator, automatically attempt- 
ing to hold a constant level in the center drum, to get 
into difficulties whenever the demand for steam varies 
sharply, as it will, when the plant load is changing at 
noon or during the peak load of the day. When the 
steam demand decreases slightly, the water level may 
fall possibly an inch, being very sensitive. If the reg- 
ulator immediately opens and. starts feeding more 
heavily, the cireulation will be still further decreased, 
and then the water level will fall lower and the regu- 
lator feed still more heavily. The steam output of 
the boiler will decrease rapidly with this, until the 
regulator begins to close again. The steam output 
will now begin to increase and the water level rise also 
and presently close the regulator entirely; a typical 
‘*hunting’’ action is thus set up. Some type of regu- 
lator can undoubtedly be worked out so as to handle 
these boilers; but it is questionable whether it would 
be worth while, when one water tender can tend water 
for a 60,000 kw. load. 

Automatic Control of Fuel and Air. There remains 
the matter of handling coal and air feeds. In a small 
plant owned by the Detroit Edison Company, eight 
stokers are controlled automatically, both air and coal 
feed being independent of the fireman. The latter is 
not allowed to touch the stoker adjustments except to 
change the steam pressure one way or the other. This 
is going to the extreme, but it is not an uncommon 
method of firing underfeed stokers. It certainly does 
not tend to develop intelligent firemen nor obtain very 
satisfactory furnace efficiencies. 

It is not desirable to substitute an automatie air and 
stoker control if a better CO, chart cannot be shown 
thereby. The danger is that the fireman will rely on 
the automatic device, rather than study conditions and 
control his fire intelligently. With the present hand 
control, excellent furnace conditions are being obtained 
and held. Observation of the furnace gases, as they 
enter the superheater pass from the top of the ecom- 
bustion chamber, shows that the combustion of volatile 
gases is entirely complete and that the operation is 
consequently smokeless. At the same time, the CO. 
charts show remarkably good results, 15 per cent of 
CO, being very common, the average being about 13.5 
to 14 per cent. Repeated analyses made with an Orsat 
apparatus check these recording machines and at the 
same time discover no more than from a trace to 2/10 
of a per cent of carbon monoxide. 

Good conditions are most often disturbed by the 
periodic dumping of the ash and refuse from the 
stokers. There is now being tried out a continuous 
dumping device, a revolving grate, which bids to be 
very successful. It will undoubtedly go far toward 


| 
‘ 
| 
- ~~ 
™ 
| 
| 
1 


OPERATION OF LARGE 


enabling the fireman to produce service results as good 
as those shown during tests. 

Maintenance Costs. A careful study was made for 
four months in 1911 and 1912 of the maintenance costs 
of the boiler units fired by underfeed stokers and the 
figures are presented in Table 3. Since the period 
selected includes one job of general overhauling of a 
stoker and setting, it is conservative to estimate the 
maintenance cost for a whole year from these four 
months. This allows for the overhauling of boilers at 
intervals of eight months on the average, which is the 
present practice in the Delray plant. In this way the 
annual cost per kw.-hr. generated has been estimated, 
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TABLE 3. MAINTENANCE COSTS OF TWO 2365-11P. 
UNITS WITH TAYLOR STOKERS. 
INCLUDING REPAIRS TO BOILERS, STOKERS AND BRICKWORK 

Boiler No. 25. Boiler No. 27 

December 1911— Hours steaming 442 147 

Cost of material and labor $116.00 $112.60 

January 1912—Hours steaming. 18:5 490 


BOILER 


Cost of material and labor $84.86 $2.88 
February 1912—Hours steaming. 44 462 
Cost of material and labor $63.35 $77.74 
March 1912—Hours steaming 424 182 
Cost of material and labor $1.71 $253.02* 


Cost per kw.-hr. in 12 boiler installation, with two 
boilers for one 20,000-kw. turbine (vearly load factor 
36 per cent). 0.0034 cents 
* Covers general overhauling of stoker and setting 
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Which imeludes maintenance of stokers, settings and 
boilers. 

This maintenance has, as a matter of fact, decreased 
since the time referred to, because of improvements 
worked out on the stoker dumps. The dumping plates 
have now been made with removable tops, so that only 
the part burned need be removed and the web of the 
casting may be left in place. By a redesign of the 
shape of these dumping sections only one pattern is 
made use of, and the labor cost of replacing burned 
parts has been greatly reduced at the same time. In 
1912, one stoker was completely rebuilt in order to 
experiment with various changes of design, especially 
of dumps, which have required most frequent renewal. 

Netting Repairs. The settings of these boilers con- 
sist, as was stated before, simply of four walls without 
arches or bridge walls. (See Fig. 3.) The only brick 
repairs necessary thus far with this setting have been 
the annual rebuilding of part of both front walls 
(area 150 to 175 sq. ft.) extending from the stoker 
to the mud drum of the boilers. The end walls give 
no trouble when carefully bonded to the facebrick of 
the setting. As an experiment, the front walls of one 


unit are to be built of fire brick shapes, supported by 


Deraits oF VerticaL Arcu Construction oF FURNACE WALLS 


a cast iron or steel supporting frame. This construe- 
tion will involve a sheet steel casing to make the set- 
ting air-tight, and will be less like a wall, and more 
like a steel casing protected from the fire by fire brick 
which are not self-supporting. In the last two units 
installed this autumn the walls are built with the sur- 
faces slightly coneaved on the fire side. The plan see- 
tion is an arch, as shown by the detail drawing repro- 
duced in Fig. 10. 

Since each individual fire brick in a wall exposed to 
the fire on one side tends to expand permanently on 
the hot end, the tendency also is for each brick to 
pull in towards the fire. Bonding and anchor bolts 
ordinarily prevent this, but at some points, the in- 
fluence of bonds and local anchoring is not enough to 
prevent large areas of the wall from falling toward 
the fire. The object of the ‘vertical arch’’ design 
referred to above is to wedge each individual brick 
into the wall by an arch construction and thus pre- 
vent the walls from bulging. The results, of course, 
remain to be seen. 

Roney Stoker Settings. The most educative expe- 
rience with brickwork has been had with the Roney 
stoker settings and their furnace arches. Starting 
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with two sprung arches under each mud drum with 
a central wall intersecting the bridge wall at right 
angles, the design ended up with a single continuous 
‘*flat arch,’’ so called, under the mud drum, built of 
fire brick shapes hung from east iron rail beams. (See 
Figs. 7, 8 and 11.) For these shapes a special brick 
had to be made of an exceedingly loose texture ob- 
tained by mixing sawdust with the clay before mould- 
ing. Upon burning in the kiln, this sawdust burned 
out, leaving the brick very porous. It was found that 
a harder, closer grained brick invariably spawled 
under the repeated heating and cooling to which it 
was subjected. 

Limitations of Boilers as at Present Installed—Fur- 
nace Height. As at present installed, these boilers pre- 
sent certain limitations to being driven at any consid- 
erably higher per cent of rating than that already ob- 
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tained. First, in burning West Virginia, long-flaming 
bituminous coal, it is probable that at, say, 275 per cent 
of rating and perhaps somewhat lower than that, the 
flames will reach the top of the combustion chamber, 
which is twenty-eight feet high. As soon as uncom- 
bined combustible gases get over into the superheater 
pass, the over-all efficiency of the unit will drop, for 
although secondary combustion will take place, never- 
theless some unburned volatile matter must eseape. 
Smoking will begin immediately after the secondary 
combustion becomes very considerable. 

If the boiler in future installations is set much 
higher another difficulty will arise, although this is 
not so serious. Either more stack draft must be pro- 
vided, or a pressure will be developed at the top of 
the combustion chamber, and the brick setting at this 
point must be built gas-tight. This phenomenon is 
readily explainable. Inside the combustion chamber 
is a column of gas like the column of gas in a stack. 
This stack is only 26 ft. high between draft gages in 
the present settings, but the gas column is at an aver- 
_age temperature of about 2300 deg. fahr. Figured 
‘statically this would create a draft of 0.3 in. of water 
at its base, providing the pressure at its top is atmos- 
pheric. However, if the maximum stack draft obtain- 
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able is reached at 250 per cent of rating with the pres- 
ent breeching and stack arrangement, the draft over 
the fire might become at 275 per cent of rating, only 
0.lin. As figured, this gas pressure over the fire must 
be less than at the top of the chamber by 0.3 in., neg- 
lecting friction. The pressure at the top would, there- 
fore, become 0.2 in. above atmospheric. Pressure at 
this point is frequently developed in practice with the 
present settings. 

Internal Losses of Pressure. Another limitation is 
the drop in pressure through the superheater, the 
automatic check valves and stop valve of the boiler. 
At 210 per cent of rating on one boiler, the drop in 
pressure through the superheater is 21 lb. which in- 
cludes the pressure drop through the automatic check 
valves, but not that through the main stop valve. At 
255 per cent of rating it would be considerably more. 
Since the pressure on the steam mains must remain 
constant, a pressure must be carried on the saturated 
steam drums of the boiler of 21 lb. more than at the 
superheater outlet, when running at 210 per cent of 
rating. 


DISCUSSION 


R. H. Danrortu (written). The results of operation of 
this set of boilers, as reported by Mr. Parker, are no less 
startling than were the tests of the first three of these gigan- 
tie units, described by Dr. Jacobus in his unique paper.’ 

It is evident from Fig. 12, which shows a graphie com- 
parison of the overall! boiler efficiencies at different steam- 
ing rates, as obtained by Dr. Jacobus, with those shown in 
Fig. 4 of the present paper, that the extraordinary effi- 
ciencies obtained under test conditions have been not only 
maintained in service, but even improved by more than 1 
per cent. 

Of course this does not mean that boilers, like wine, im- 
prove with age. It can mean but one of two things in the 
present case, or perhaps a combination of the two; namely, 
a reduction in the temperature of the flue gases, or an im- 
provement in the furnace efficiency. 

Mr. Parker gives no data in his paper as to the losses in 
the flue gases, but if we refer to test No. 8, Table 16 of 
Dr. Jacobus’ paper (the best test there reported, showing an 
overall boiler efficiency of 80.28 per cent at 108 per cent 
rating), we find that the flue gas temperature is 493 deg. 
fahr. and that of the steam at 200 lb. gauge is 388 deg. 
fahr., a difference of only 105 deg. fahr. This means that 
even if we could so improve this boiler as to discharge the 
gases to the stack at the same temperature as the boiler 
steam (assuming that the chimney draft thus provided 
would be sufficient to take away the gases), we could in- 
crease the overall efficiency of the unit by but slightly over 
2 per cent. 

Going again to Dr. Jacobus’ paper, in the absence of 
sufficient information in Mr. Parker’s, we find but 1.8 per 
cent of the available carbon lost in the ash, a very satis- 
factory showing for mechanical stoker operation, and one 
which we believe can hardly be bettered. 


1 Tests of Large Boilers at the Detroit Edison Company, Trans. Am. Soe, 
M. E., vol. 33, p. 565. 


1 
j 
y 
4 
’ 
{ 
‘ 
7 
“4, 
4 
| 
| 
| 
ay 


OPERATION OF LARGE BOILERS, J. W. PARKER 41 


- 


In Table 5 of Dr. Jacobus’ paper, for Test No. 8 the CO 
in the flue gases was 0.02 per cent at the bottom of the last 
pass, 0.01 per cent at the top of the last pass, and 0.10 per 
cent in the flue. These discrepancies were discussed in con- 
nection with the presentation of the original paper, so we 
need not attempt to discover their cause. If, however, we 
assume even the highest of these values, 0.10 as the cor- 
rect one, a completeness of combustion is indicated, which 
we can hardly hope to materially improve. 

This test No. 8 of Dr. Jacobus’ also shows a flue gas 
analysis which indicates a very moderate excess of air above 
that theoretically required to burn the coal, amounting to 
from 25 per cent to 40 per cent, depending upon the as- 
sumptions made as to the hydrogen in the coal and the 
steam-gas in the flue gases. It seems hardly credible that 
Mr. Parker has succeeded, with any form of stoker, in so im- 
proving the mixture of air and combustible gases in his 
furnace as to reduce this item of loss to any great extent. 

I am unable to discover, from this analysis of the original 
tests on these boilers, any probable source of the improve- 
ment in their efliciency which he indicates, especially under 
operating conditions as against test conditions, even though 
the operating conditions are such ideal ones as Mr. Parker 
describes. I would like, therefore, to have Mr. Parker give 
us any data which are available, of flue temperatures, gas 
analyses, ete., which will indicate in what direction he has 
succeeded in making his gains, and obtained the marvelous 
operating efficiency which he reports. In so unusual a 
record of operation, Mr. Parker has set a mark quite as 
high. if not higher, than did Dr. Jacobus in their design. 


ALEX Dow said that the theory of the Detroit Edison 
management had been not merely to reduce tloor space, to 
reduce the unit investment, and to secure a very high operat- 
ing eflicieney of the mechanism, but to demonstrate that 
in tlhe boiler room, as in other departments, it was possible 
to pay larger daily or hourly rates to employees, and to get 
results that would warrant these rates. 

Looking broadly at the proposition, the vital point had 
been the reduction of the number of firemen, and the edu- 
cation of those fewer firemen until they developed and 
demonstrated such interest in their work, as was evidenced 
by their insistence on checking their running instruments. 
A very much higher class of men could be obtained if the 
equipment were given them to show the interesting processes 
which they were carrying on. The firemen at the Detroit 
Edison plant were beginning to comprehend that they were 
carrying on exact chemical processes; that they had to watch 
not only the draft and the appearance of the fire, but also 
the CO, recorder. These firemen often went to the engi- 
neering department and asked for an Orsat apparatus to 
check up their recorders. 

Ideals were not always realized and human nature had 
continually to be compromised with, but Mr. Dow felt that 
the approximation of daily practice to theoretically per- 
fect working was much closer in the Detroit Edison Com- 
pany’s boiler plant, for the present year, than in any other 
plant in the country. 


Apert A. Cary was interested to know what the experi- 
ence had been, as far as checking was concerned, with the 
flow meters used in the Detroit Edison Company’s plant. 
His experience had not been very satisfactory in that direc- 
tion, and he wanted to know if the firemen had any other 


apparutus to fall back on in case the flow meters failed to 
give the proper records or not. 


I. E. Movurrop said that in times past managers of plants 
took interest in their engine rooms, and let the firemen 
run the fire room. But in the fire room were to be found 
the greatest possibilities of economy in the operation of the 
power plant, and it should be in charge of the most intelli- 
gent men in the operating department. It was gratifying 
to see that the Detroit Edison Company was working aleng 
that line. 

In answer to Mr. Cary, he said that he had had consid- 
erable experience with steam flow meters in Boston, and 
thought that they were quite accurate. As to the matter 
ot checking, there was no instrument in the plant that was 
good for much if it was not periodically and systematically 
checked. 

He had come to the conclusion that the CO. recorder was 
not so valuable an instrument as it had been assumed to 


Eauivolert Evaporation, Pourds F&A 


3 


2°F., Per Sa Ft Heating Surface Per 
6 7 


wre 


80 20 : 


Fic. 12 Comparative CurRVES SHOWING RELATION BETWEEN 
RESULTS REPORTED BY Mr. PARKER AND THOSE OBTAINED IN 
Dr. Jaconus’ Tests ON THE SAME BoILers 


be in the past. With feedwater regulators and steam flow 
meters, and with the intelligent help in the fire rooms of 
today, the CO, recorder was one of the least valuable instru- 
ments on the control board. Mr. Moultrop did not mean, 
however, to condemn the instrument as a piece of boiler 
room apparatus. He believed it was a more delicate in- 
strument than others and required more attention to keep 
it in satisfactory working condition. It had one disad- 
vantage: the other instruments mentioned showed what was 
taking place in the operating of the boiler, whereas the 
CO, recorder told what had happened sometime previous, 
the lag being somewhere between 5 and 20 minutes’ duration. 
The fireman was not especially interested in post mortems; 
moreover, an intelligent fireman would find ways of getting 
satisfactory CO, readings on his recorder without necessarily 
getting ideal conditions in his furnaces. 


Georce B. Presvon had found that one of the principal 
difficulties in starting up large boilers was in connection 
with the fire brick lining and the combustible arches, and 
he wished to ask what material Mr. Parker found to be the 
best, and if he had any illustrations showing the failure of 
these brick arches. 


Rocer DeWo.r asked hat connections there were, if 
any, between the blower supplying the air to the stoker and 
the drive for supplying the coal. He also wished to know 
if Mr. Parker would consider a semi-automatic control for 
the blower, at least as being a desirable proposition. A 
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new equipment of $75-l.p. boilers was being installed in 
Rochester using a semi-automatic control on the blower and 
a motor-driven feed for the coal, which was entirely in the 
hands of the firemen for operating. 

Mr. DeWolt agreed with Mr. Moultrop regarding the 
use of CO, recording meters, but would like to have further 
details. In the above installation it was being arranged to 
measure the feedwater continuously in order to get con- 
tinuous records of the feedwater and of the amount of coal 
burned, and it was expected to rely on these, together with 
steam flow meters on the boilers, rather than on any CQO, 
determinations. 


Witiiam (written). The CO, recorder is a neces- 
sary evil; it must be used if the best economy is to be main- 
tained. There is no record of tests that 1 know of (where 
several tests in succession gave high ellicieney) published 
either in this country or in England, where the CO, meter, 
or the Orsat, or the Hempel apparatus for determining the 
CO, was not used. | have in mind an apparatus using 
oxygen instead of carbonie acid gas. The maximum et- 
licleney is coincident with 3 to 7 per cent of oxygen in the 


chimney gases, and if there is 5 per cent of oxygen in the 
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chimney gases it is as nearly right as it can be. With the CO 
meter on the other hand, if there is 15 per cent of CO, the 
economy might be jigh or it might not, because 15 per cent 
CO, means the possibility of a good deal of CO in the gas. 

The control of the boilers, as described in the paper, so 
as to obtain the maximum efficiency, is effected by two 
things acting together: First, the disappearance of the flame 
at the top of the combustion chamber, which shows that the 
combustion of available gas is entirely complete (wherever 
there is a visible flame there is imperfect combustion; that 
is, the flame must extinguish itself by burning out so that 
the combustion is entirely complete to insure that the opera- 
tion is smokeless). Second, the CO, should be about 13.5 
to 14. The two things are necessarily taken together: If 
there is smokeless combustion there may be maximum 
economy, but on the other hand there may be poor economy 
on account of a possible great excess of air. In order to 
avoid the error of a great excess of air, therefore, the CO, 
apparatus must be used, 


REGINALD P. Boiron said that these boilers were a won- 
derful exhibition of what might be expected in the future 
construction of boilers intelligently designed to give the 
gases a chance to burn themselves out, giving complete 
combustion before the gases got out of the boiler. Another 
lesson to be learned from these boilers was the effeet which 
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such large power uses had in improving the morale and the 
conditions of the working forces. 

As to the meffectiveness of the CO, recorder, Mr. Bolton 
was inclined to think that much of the troubles arose trom 
the difficulty of collecting the sample. He had just come 
from a series of observations conducted on large stacks ot 
the Waterside station of the New York Edison Company, 
during which a great variety of samples cevering a long 
period of time were gathered from the smokestacks 200 
and 300 ft. in height. From a selected point in the stack 
it was found, alter a series of experiments, that the veloci- 
ties varied all over the stack, that the contents of the stack 
varied, and in one case, after the medium point had been 
established by a series of experiments, the eurrent of gases 
reversed itself in the stack at that point, and there was 
actually a down-flow instead of an up-flow. It might be 
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well therefore that the poor CO. recorder as a gag 
comes mixed up from time to time. A great deal of study 
had vet to be made of the flow of gases in flues and stioke 


stacks. 


D. S. Jaconus said that earetul gas analyses were made 
in his tests and had not the CO been carefully measured as 
well as the CO. it would not have been possible to attain the 
high efficiencies. The presence or absence of CO) was most 
nportant. If in operating a furnace it was found that 
there were certain indications respecting the length of the 
flames, or the like, that gave a line on the amount of exeess 
air and the presence or absence of CO in the gases. a 
furnace could be operated just as well by observing these 
manifestations as by making gas analyses. Indications of 
the sort were highly valuable in serving as a guide for secur 
ing good combustion. tn Mr. Parker's tests both means 
were emploved and contributed to the attainment of the 
elliciencies. 

Dr. Jacobus complimented Mr. Dow on the progress he 
was making in putting the right sert of men in the boiler 
room. He sail there was more to be gained or lost in a 
boiler room than in any other part of a power plant. and 
he predicted that eventually it would be common practice 
to place the boiler room in the direct charge of the best men 
in the organization. 


Davip Morrar Myers said that he had found a very bad 
state of affairs in the fire rooms of faetory power plants. 
The management, as a rule, had not the slightest under- 
standing of what was going on. There was usually not the 
best of feeling between the elief and the firemen, and this 
was the first thing to be readjusted by the ed iwation, not 
alone of the firemen, but of the management. Mr. Myers 
had in mind a typical small factory plant which had been 
drifting along for a good many years in the beliet that no 
improvement could be made. A test showed that two boilers 
were being fired at only half their capacity, although on 
certain days they were not holding steam because. as the 
engineer said. the draft was too weak. They were evapo- 
rating 6 lb. of water per 1 Ib. of fuel. That plant was 
greatly improved without spending any money on equip 
ment, by educating the firemen to fire properly. Only one 
boiler was now being fired and with the damper closed one- 
third of the time to prevent steam from blowing off. One 
pound of fuel was evaporating 8.5 to 9 Ib. of water instead 
of 6 Ib. as formerly, and the fireman of the plant was de- 
lighted. He had been edueated by practical example. was 
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zetting more money tor his services and was intensely in- 
terested in lis work. The management had their eyes 
opened and were tremendously interested and satisfied with 
the results. They were making over 40 per cent more steam 
for the same consumption of fuel and without a dollar spent 
for new equipment. 

The preventable losses that today existed in factory power 
plants were tremendous. These losses were chargeable fully 
as much to lack of education as to improper equipment, 
and the management was directly responsible for both ot 
these factors. 

For some reason it was a fact that owners would go to 
great expense for producing eilicleney in other departments 
of their business while they allowed their power and heat 
ing plants to get along in the most haphazard way. A re 


form of edueation in this direction would enable the pays 
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ment of wages to firemen properly commensurate to their 
responsibility and would at the same time largely increase 
the net profits of the owner's business. 

Such a reform was gradually taking place, and it was 
bound to sueceed universally for it combined at the same 
time the principles of seience and of humanity. 


Harrincton Emerson, while praising the detailed infor- 
mation given in the paper, objected to the inelusion of 
violently varying maintenance or supervising costs as per- 
tinent. There were standards for maintenance costs as well 
as for power costs, for supervision and for rent, and stand- 
ard allowances should be used in determining final costs, 


BOILERS, J. W. PARKER 15. 


not accidental variations. In the report criticized, one of 
the boilers cost in one month for maintenance labor and 
material $1.71, another cost $253.02. When such great ae 
eidental variations oceur the conelusions as to cost of prod 
uet whieh include them are vitiated. 

Railroads ean rightly assume a repair cost of 30.08 a 
mile for repairs (if this is the average), but no railroad 
can properly inelude in the cost of a single trip the de 
struction of a locomotive by explosion, nor yet omit the 
item of repairs from the cost of a particular run. In all 


cost accounting reference to standards is needed. 


Aurerr A. Strats (written). Although Mr. Parker lias 
shown by results obtained in three and a half vears of oper 
ation, that the operation of so large a steam generating unit 


is not only feasible, but highly satisfactory, from the mest 


hic. 15) View or Ancu Saccep Conpirion Five Days 
Pant? or Iv FELL 


pomts of operation and maimtenance, it seems, 
nevertheless, that the choice of such a unit must be gov- 
erned largely by local operating conditions. 

Mr. Parker stated that a seale of | /,. in. thickness would 
form in the hot front tubes, but did net state how long it 
took to form this seale. I judge it was formed between the 
periods of turbining tubes, but would desire further infor 
ination on this phase of the subjeet. That mud will cause 
leaky tubes not only with ' ,. in, or heavier seale, but with 
scale of egg-shell thickness, and net only at high but at 
moderate rates of driving is evident, as shown by Fig. 13. 
These photographs are of a tube taken from the lower row 
of tubes of a 375-l.p. Babeock and Wileox boiler equipped 
with Roney stokers and having a small combustion clharn- 
ber. The damaged portion of the tube was exposed directly 
to the action of the flame. The feedwater was taken from 
the Allegheny River and contained from six to ten parts 
per 100,000 of inerusting solids, being treated with enough 
barium hydrate te neutralize the sulphate content. The 
tube was a 4-in. No. 10 gage, lap-welded, charcoal iron tube, 
so placed that the weld was not exposed to the action of the 
lame. The photographs of this tube show that the leak 
veeurred directly under the deposit of mud and that the 
scale was so thin as to have practically no effect. Obser- 
vations made at other times on tubes which were renewed 
at this station showed mud to be the cause of overheating. 
The boilers at this station operate usually at rating and, 
for short periods, at as high as 75 per cent above rating. 
The question of the behavior of such a sized unit when 
using bad water is of vital importance to engineers of the 
Pittsburgh district.. I have plotted (Fig. 14) 44 analyses 
of water from the Monongahela River taken at Rankin, 
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Pittsburgh, Pa., from October 14 to November 29, inclusive. 
Thirty-two of these analyses showed the water to be either 
neutral or acid as high as 1.50 parts per 100,000. Such a 
water as this cannot be fed to a boiler untreated and a sur- 
face condenser with such a water should not be considered. 

With water of this character it has been found that cast 
iron will be eaten out in anywhere from two to six months, 
and it is a question what will happen to the tubes of a sur- 
face condenser. When using the jet condenser and treating 
the feedwater in a softener before it enters the boilers a 
large quantity of sodium salts is fed into the boiler. If 
the water is treated as it enters the boiler, without a soft- 
ener, it has been tound that a very slight concentration of 
sodium salts will cause the water to become wild and hard 
to keep in the front tubes of this type of boiler, at moderate 
rates of driving. 


Fic. 16 View sHOWING ARCH AFTER PART OF IT FELL. FALLEN 
PART PATCHED 


Mr. Parker stated that he treated the make-up water with 
barium hydrate, but did not state where he added it, or 
whether he filtered the water after it was treated. I have 
had the best success with this treatment if I could remove 
the precipitated salts in some manner before the water 
entered the boiler. 

I note no reference to any instrument for recording tem- 
perature of escaping gases. This record and that of a 
recording draft gage are of vital importance, especially 
during periods of banked fires, where the overfeed stoker 
is in use. 

Considerable stress seems to be placed upon having the 
proper COU, content in the gases of combustion, which no 
doubt is deserving of commendation. My experience has 
been that it is also advisable to insist upon a low com- 
bustible content in the refuse from the ashpit or there is 
a saving of the one at the expense of the other. Mr. Par- 
ker seems to have neglected entirely any reference to the 
quality of refuse from the ashpit. I should like to know 
if he maintains any record of this factor. 

In regard to arches on Roney stokers Mr. Parker does 
not give any data obtained from his experience with sprung 
arches. Figs. 15, 16 and 17 are views of a sprung arch, 
which together with a history of this arch, may prove of 
interest. 

The photographs are of an arch of one of a battery of 
two 375-h.p. Babcock and Wilcox boilers, Alert type of 
setting with Roney stokers having a grate area of 92.5 sq. ft. 
each. The arch is 11 ft. span, 6 ft. 4 in. long and has a 
spring of 16 in. The furnace temperatures observed with a 
Wanner pyrometer through a peep hole 1 ft. below the edge 
and 1 ft. from the front of the arch, when this furnace was 
in operation, varied from 2800 deg. to 3000 deg. fahr. This 
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arch was made ot Woodland brick and was placed in oper- 
ation December 12, 1910. On April 18, 1911, the arch was 
in the condition shown by Fig. 15 (badly sagged), the 
boiler having been off for leaky tubes or general cleaning 
nine times in this period of four months and six days. 
The boiler was placed back on the line in this condition 
and operated until April 23, 1911, when part of the arch 
fell, as is shown by Fig. 16. This defect was patched and 
the boiler placed back on the line May 4, and operated with- 
out shutdown until June 25, when the whole arch fell, as 
is shown by Fig. 17. The short life of the arch was due to 
faulty side walls. The arches and side walls in both boilers 
were then rebuilt and held from August 1, 1911, to October 
29, 1912; during this period the boiler was off 15 times 
either for leaky tubes or general cleaning. 


Tue Avcrnor. As far as the fireman is concerned, the 
steam flow meter need give merely relative indications for 
his guidance. Extreme aceuracy is not necessary for his 
purpose nor would a constant multiplying error mislead 
him seriously. The experience at the Delray plant has been, 
however, that, properly installed and calibrated, the flow 
meter is reliable and use is being made of it for absolute 
measurements of steam also. 


Fig. 17) View SHOWING ARCH AFTER IT FELL COMPLETELY 


It should be understood that the curve (Fig. 4) of over- 
all efficiencies obtainable with the underfeed stoker, is a 
straight line drawn through points taken from the Jacobus 
tests. The actual efticiencies attained at the extreme points 
of the range of the tests are given in the paragraph on 
Flexibility in the present paper. The curve of efficiencies 
presented by Dr. Jacobus in his report of the tests, was in- 
tended to show the characteristies of the boiler as fired by 
either the underfeed or natural draft stokers. The latter 
tended to give slightly better results at low ratings and 
lower efficiencies at very high ratings, than did the under- 
feed stoker. 

The efficiency curve of the present paper has been set up 
as an ideal for which to work in daily operation. The 
instruments on the gage board were chosen to give the 
fireman as much information as possible to aid him in ap- 
proximating such maximum efficiencies. During a test he 
has other information continually at hand. Most important 
is the apparent evaporation, figured cumulatively from the 
start of the test. However, apparent evaporation is but a 
derived result and does not show the fireman the causes 
which lead to it. For judging of present conditions, it is 
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invaluable for him to know drafts at various points of the 
furnace, rate of steaming as shown by the flow meter and 
the record of CO, in the flue gases coupled with observation 
of the gases entering the superheater. It has been asked 
why use is not made in this connection of pyrometer read- 
ings of the temperature of the exit flue gases. This has 
been attempted, but for everyday work this exit tempera- 
ture was found to be dependent upon too many other va- 
riables whose influence on it is not well enough known. 
During a certain test, when the rate of steaming was being 
held practically constant and the combustion of volatile 
vases was known by inspection to be very complete, the 
temperature of the exit gases was tound to be extremely 
valuable in showing up an excess of air. The temperature 
invariably rose when the gases contained too much air and 
tell as the excess was decreased. It was possible in this 
way to predict changes on the CO, recorder chart, since the 
recorder readings lagged at least 5 minutes behind the flue 
gas conditions. In spite of this experience, it was decided 
to omit exit gas pyrometers from the list of necessary 
operating instruments. 

The almost complete combustion which was obtained dur- 
ing Dr. Jacobus’ tests is not too difficult to obtain every 
day. Flue gas analyses show almost daily as good or better 
furnace conditions for hours at a time. While driving these 
boilers at above 260 per cent of rating, and in one case at 
about 225 per cent of rating, the gas analyses by recorder 
and Orsat apparatus and inspection of the gases entering 
the superheater showed better combusticn than that seeured 
while running at equally high ratings during the tests. It 
is only natural that the firemen should become more skilled 
than they were three years ago. Again, with the self-clean- 
ing stoker installed with one of the latest of the boilers, 
routine sampling of the ash during December of 1913 
showed an average of 12.6 per cent of combustible in the 
ash, there being 10.2 per cent of ash in the air-dried coal. 

In the discussion, further questions were asked in regard 
to automatic or semi-automatic control of the air supply to 
the stoker. Betore adopting such automatic control, there 
is this point to be considered. The load of the plant is vary- 
ing up and down 1 or 2 per cent continually, the greater 
variations being as a rule more gradual or else periodic. 
This is, of course, not considering such sudden peaks as 
those occasioned by thunderstorms. ‘This sawing up and 
down of the load will oceasion slight variations of steam 
pressure and this allows our taking advantage of the capac- 
itv of the boilers for heat storage in the water. It is not 
necessary that the rate of fuel combustion be so often 
changed. It would be a mistake to employ an air supply 
controller which would attempt to hold constant steam pres- 
sure, if in so doing it were continually to disturb the rate 
of combustion of the fuel. 

In regard to the paragraph of the paper on maintenance 
costs, it was intended to show the cost of material and labor 
required for repairing these two units during a period im- 
mediately following the season of peak loads, when time 
was afforded for repairs which might have been difficult to 
accomplish when load conditions were more severe. Since 
the plant contains various types of boiler and stoker equip- 
ment, it was not desired to use for the above purpose, the av- 
erage boiler, stoker and furnace maintenance costs for the 
whole plant, which could have been obtained from the plant 
operating accounts. 


TASK SETTING FOR FIREMEN AND 
MAINTAINING HIGH EFFICIENCY 
IN BOILER PLANTS 


By Water N. Potakoy. Pa. 
Member of the Society 
ABSTRACT OF PAPER! 


The determination of the practical maximum econ- 
omy of boiler room operation is the subject of this dis- 
cussion. The question is twofold in its nature: (a) how 
to obtain this maximum economy of operation, and 
(6) how to secure the permanency of the results at- 
tained. The first part of the question involves the 
theoretical research into the problem which embraces: 
(a) analysis of variables, (b) limiting influence of 
variables on maximum, and (c) dependence of results 
from time rate. This part deals with methods of ex- 
perimental determination of maximum theoretical effi- 
ciency obtainable under given conditions, and inci- 
dentally refers to the graphical method of study of 
boiler trials as applied to actual examples of the 
writer's tests. 

The well-known falling short of test results in every- 
day performances forms the connecting link with the 
second part of the paper, and it is shown how the re- 
sults of theoretical research can be made practically 
obtainable in regular service. This embraces the meth- 
ods employed by the writer in studying the psycho- 
physiological element of the problem. In order that 
the prescribed conditions be maintained and the de- 
sired results of high economy of operation be accom- 
plished, not spasmodically, but day in and day out, 
the task put before men ought to be (a) possible, and 
(b) desirable. 

The possibility of accomplishment of task is gov- 
erned by (a) proper codrdination of conditions and 
supplies with power demand and existing facilities; 
(b) proper guidance of men in their work; (c) proper 
balance of strain during the work and regain of phys- 
ical losses of the individual during intervals between 
working periods. Part (c) complements the coramon 
method of time studies, with a new method of physica! 
studies of the effect of work on the health of working- 
men and a method of scientific determination of length 
of working day. 

The desirability of accomplishment of a task set 
within men’s possibilities requ.res the study of: (a) 
physical stimuli, (6) psychical stimuli, and (c) social 
stimuli. To the group (a) is referred payment of 
bonus, better surroundings, shorter hours, sanitary 
conditions, ete. To the group (b) factors like sporting 


1 Published in complete form in the December 1913 issue of 
The Journal of The American Society of Mechanical Engineers. 
Pamphlet copies can be obtained for 15 cents to members and 30 
cents to non-members. 
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spirit, confidence in records, relationship with manage- 
ment, desire to study and advanee, ete., are referred. 
To the last group (c) belong such stimuli (favorable 
or not) as attitude of fellow workmen, of trade unions 
and socialist party, of members of the family, and con- 
dition of labor market, legal regulations, ete. To the 
above plan are added examples of records from prac- 
tice, and description of methods greatly simplifying 
the working out of records and logs. 


DISCUSSION 


WittiaM Kenv said he was pleased with the papers by 
Mr. Parker and Mr. Polakov because they went largely 
into the question of the human element in the boiler room. 
In the first paper the human element seemed to have been 
dispensed with as far as possible and automatic machinery 
substituted in its place, and secondly, in the ease of those 
firemen that could not be dispensed with, very high wages 
were paid. This was an important step forward. 

Mr. Kent knew of no other paper that treated so ex- 
haustively of the human element in the boiler room as did 
Mr. Polakov’s, and he congratulated him on his earnest 
efforts in that direction. In regard to the mathematical 
portion of the paper, he did not think Mr. Polakov had 
treated the subject in the right way: he had gone far into 
the mathematical treatment, but it did not appear that he 
obtained any results that were of practical value. 


D. S. Jacopus believed it impossible to get up an equit- 
able bonus system where the men in the boiler room would 
be paid individual bonuses. The whole organization should 
be taken together. If an endeavor were made to pay in- 
dividual bonuses, based on the boiler etiicieney secured in 
each case, the men would soon find out that by carrying a 
uniform fire they would get the best efficiency. In the 
case of a fluctuating load those conscientious enough to meet 
the variations by manipulating the fires to give more or less 
steam would be penalized through their inability to run at 
as high a rating as the men earrying uniform fires. It was 
hard to see how this point could be covered in any equitable 
system other than by considering the work of the men as a 
whole. 

He considered that the best way of handling the situation 
would be to put the right sort of a man in charge in the 
boiler room and make him responsible for the results, in 
which case the men might be given an increase in pay in 
proportion to the amount they could save by exerting them- 
selves to the utmost. The general idea that the firemen were 
opposed to improvements did not seem correct to Dr. Jaco- 
bus. He had had eonsiderable experience in working in 
fire rooms to get the best out of the men and knew that if 
the firemen felt that the expert was in a certain sense one 
of them, they would do all that they could to cooperate. 

Dr. Jacobus agreed with Mr. Kent that the method out- 
lined in the appendix of determining what a boiler should 
do was quite incomplete. For example, there was appar- 
ently nothing to connect the baffle arrangement with the 
efficiency. By changing the baffle in a given boiler the heat 
transfer rate would be altered, say, 50 to 100 per cent, 
and it seemed there was nothing in the method outlined by 
Mr. Polakov to cover this. 


H. G. Svorr took exception to the curves showing 
the most economic loadings for various types of boil- 
ers. [lis experience was that the type of boiler had 
very little to do with that question; it was entirely a ques- 
tion of the furnace and the combustion of the fuel. A 
boiler could be driven easily up to 400 per cent rating, or 
even more. The arrangement of the tubes one way or an- 
other was immaterial. 

In the table of the rate of boiler readings, No. 7, a fire- 
tube boiler with superheater, was given as the most econom- 
ical one. Mr. Stott said he had efliciencies on the regular 
Babeock and Wileox boiler equal to those shown in this 
curve; the Babeock and Wileox boiler could be carried prac- 
tically to unlimited rating. Inseparable from this question 
of rating was one of the economics of the plant. A plant 
might be run at an efliciency of 60 per cent during the peak 
load, and operate more economically, when the fixed charges 
were taken into consideration, than when running at 8? 
per cent. When running at 80 per cent, the boilers had to be 
operated at 70 per cent of the so-called rating, and above 
that these high efficiencies were not obtainable. At the same 
time, if two curves were plotted, one of the fixed charges pet 
kilowatt-hour, and the other of the operating cost per kilo 
Watt-hour, it would be found that for the peak load whieh 
might last two or four hours a day, the operating charges 
were relatively unimportant, but the greatest care must be 
tuken to keep down the fixed charges. In other words, the 
number of boilers on a line must be kept down, as well as 
the number of banked boilers to be operated. 

Mr. Stott believed the time was coming when a_ boiler 
plant would be equipped with modern combustion appli- 
ances, otherwise modern stokers, which were practically 
automatic and required little attention. Not firemen, but 
combustion engineers, or men who had graduated from 
technical schools, would be required then. It was impos 
sible to get that type of man to go into the boiler room yet. 
but this would come about when owners of boiler plants 
were willing to pay more to the man who operated the boiler 
than to the man who operated the turbine room or the engine 
room, because the latter could make no change in the econ- 
omy of the plant, whereas the former could make 5 to 10 
per cent difference. 


ALbert A. Cary (written). The skill of the firemen and 
the ability or capacity of those who have them under their 
charge are most important factors in the economical opera 
tion of a boiler plant and means must be employed, during 
preliminary investigation work, to ascertain the pert played 
by such men in arriving at the results obtained. Special 
apparatus should be used to determine carefully every in- 
dividual feature included in the furnace, boiler or other part 
of the equipment and every variable condition which enters 
into the operation of the plant should be noted at the time 
it actually oceurs. Merely taking observations during the 
time of a test and waiting until after its conelusion to work 
up all results, and then attempting to make deductions is 
a practice which will often lead to the overlooking of very 
important occurrences which would lead to a materially 
different method of future operation of the plant. 

I have found it extremely desirable to use a system in 
testing by which very frequent gas analyses are obtained 
(not less than from six to eight per hour) and these results 
are chalked up on a blackboard as rapidly as they are ob- 
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tained. Dy this means it is possible to follow closely the 
eccurrences taking place in the furnace during the course 
test. 


which tells exactly the number of seconds the furnace doors 


ota When making hand-fired tests, | use a 


device 
are kept open. Together, these two means serve to size 
up the value of a fireman very quickly and the comparative 
firemen become 


merits of two alternate 


very apparent in 
a short period of time. This subject was treated at consid- 
erable length by me in a series of papers’ written for the 
lron Age. 

It is to be hoped that Mr. Polakov will make his mathe- 
matical discussion of this subject a little clearer in revis- 
ing this paper. The value obtained by using such a method 
as described by him is, however, governed by the correct- 
ness of the observations obtained during test, and as these 
test results are so commonly in error, the general use of 
such an analysis may prove unsatisfactory. It may prove 
desirable to use this graphical method in some one plant 
where the repeated errors may be fairly constant, and under 
such assumed conditions, introduced improvements will 
doubtlessly be made apparent. 

| have had considerable experience with Segar cones for 
determining furnace temperatures and have tound that the 
true could not be obtained through 


furnace temperature 


their use on a poker, as was shown by Mr. Polakov. I have 
found their general use so unsatistactory that | have aban- 
doned them entirely. The proper use of a good optical 
pyrometer will give the most reliable results. 

Reterring to the statement as to the unpracticability of 
vetting a gas analysis every three minutes, | have not only 
obtained the ordinary gas analysis (ineluding CO.; O; CO 
and N) 
obtaining the complete analysis of the gas ineluding Hand 
CH, over 


for 5 minute intervals, but have also succeeded in 


} minute intervals. But generally, in refined boiler 
testing. intervals between analyses should not be over 10 
minutes, 

Mr. Polakov 


ated is in direct proportion to the weight of fuel burned. 


states that the weight of the steam gener 
! hardly think that he intends this statement to cover opera 


tion below rating, at rating and when the boiler is being 


greatly forced, Also he speaks of having the firemen carry 
the fire bed at a uniform thickness; this is hardly practical 
in hand-fired practice where, after cleaning, a comparatively 
thin bed is started which is increased in thickness up to the 
time of the next cleaning, although the use of good shaking 
grate bars will remedy this condition somewhat. 

Mr. Polakov showed a large number of factors used to 
arrive at the useful result obtained in steam generation. 
but these only serve to complicate and obscure a rational 
consideration of the problem. I make it a practice to de- 
termine the individual eflicieney of the furnace, and study 
my furnace conditions apart from the balance of the com- 
bination. I then determine the individual efficiency of the 
boiler and study it by itself, and find whether the boiler is 
operating under improper furnace or other conditions. 

Unfortunately, boiler efficiency is not a fixed quantity 
under varying conditions of operation, depending largely, 
as it does, upon the operation of the furnace; with no fire 
in the furnace, the boiler has no efficiency at all. But, dur- 
ing the course of any particular test, the boiler has its in- 


dividual efficiency for the set of conditions found at that 
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time, and the study of its efliciency in connection with its 
controlling conditions shows us where we can improve the 
defects under which it is operating. These, if remedied, will 
raise the etlicieney of the entire steam generating unit. 

The eflicieney of the boiler has long been considered and 
obscured in the reports of combined boiler and furnace et- 
ficiency, as this combined efficiency is composed of the prod- 
uct of the furnace and boiler efliciencies. When a low com- 
bined efliciency results during a test, how are we to know 
whether the fault is in the boiler or in the furnace? Infer- 
ence may help us somewhat, aided by the observations taken, 
but this old time “cut and try” method of making improve- 
ments is not in keeping with modern engineering efficiency 
practice, 

RK. J. S. Picorr, referring to the diagram showing most 
economic loadings for various types of boilers, thought there 
was still a good deal of misapprehension among most en- 
gineers as to the economic point of loading both of a boiler 
and of a turbine. He found that the efliciency of the boiler 
and of the turbine had much the same characteristic, namely, 
there was a dome or high point at some place in the load: 
with the turbine it was usually at full load that the best 
efficiency occurred; beyond that poimt there might be some 
25 or 50 per cent capacity allowed for overload. In the 
boiler this best loading oecurred very low in the total eapae- 
itv of the boiler, about one-third or one-quarter of the maxi- 
mum capacity. The total rating of the engine room con- 
sisted not only of the usual rating of the turbine, but also 
of the auwiliaries necessary to run the turbine; in other 
words, the water rate of the turbine might be 12 or 15 Ib. 
per kw. at its best load, but when the load required to drive 
the auxiliaries was superimposed, the water rate was much 
higher, possibly 16 to 18 Ib., and the best water rate, inelud- 
ing the auxilaries, was always at a higher load than the 
best load on the turbine only. This was also true of the 
boiler room, the auxiliaries required in this case, the forced 
dratt fans and possibly induced draft fans, the boiler feed 
pumps, ete. 


While the 


eonustant amount of 


condenser auxiliaries ran with a practically 


the load on the 
turbine, the units in the boiler room were different and re- 


steam, no matter what 


quired somewhat less steam at lighter loads than at full 
load. For instance, with a centrifugal boiler feed pump 
the total steam consumption at zero delivery was seldom 
less than 55 per cent of the steam at full load on the pwnp. 

If the net output of steam per boiler delivered by the 
boiler room were considered, the most efficient point would 
always be at a higher load on the boiler than the best ef- 
ficiency of the boiler alone. 


Epw. A. UENLING (written). Mr. Polakov’s paper brings 
out two very important points: First, it emphasizes the fact 
that the boiler house is the place where the greatest savings 
can be made, and second, that boiler efficiency tests are of 
very little economie value unless adequate means for guid- 
ance and control are inaugurated, and due consideration is 
given to the human element. 

The economic conditions found in the plant under con- 
sideration in Mr. Polakov’s paper are those prevailing in 
the majority of steam boiler plants. The fact that a “ sav- 
ing of approximately 25 per cent on the fuel bill alone was 
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accomplished without heavy capital investment ” for equip- 
ment and alteration of plant, ete., except for the necessary 
apparatus and instruments for control and guidance of the 
boiler room crew, should serve to arouse all those power 
plant managers who have given the question of fuel econ- 
omy insufficient thought, or have attacked the problem only 
in a more or less superficial way. It is still insufficiently 
realized that maximum fuel economy cannot be maintained 
where the personnel of the boiler room are compelled to 
work without means to guide them in the performance of 
their task and without incentive to improve their efficiency. 
As to the necessity of keeping the fireman informed how 
well he is, or has been, performing his task, there can be 
no question; as to the best method of accomplishing this end, 
opinions may differ. Mr. Polakov presents a very complete 
bonus system which is no doubt effective, and the principal 
cause of maintaining the high efficiency reported, but it is 
too elaborate to merit wide application. I would also ques- 
tion the rationale of his guide to efficient firing controlled 
entirely by the steam flow meter indicating the thickness of 
fire and draft to be maintained; there is no constant relation 
between draft and thickness of fire. The effectiveness of a 
given draft is modified by several factors: (a) the condi- 
tions of the fire as affected by the size of the coal, which may 
vary greatly from hour to hour, (b) the thickness of the ash 
bed, and (c) the presence of clinkers. Thus 0.6 in. of draft 
may be less effective when the fire is dirty than 0.4 in. after 
it has been cleaned. Mr. Polakov does not say whether al! 
the boilers are controlled by one flow meter on the main 
steam line, or whether every boiler is equipped with an in- 
dividual flow meter. In the former case, how can a fireman 
tell whether his boiler is making its full share of the steam 
required? In the latter case, the less an individual boiler 
does, the less the indicator will show what it ought to do. 
lt would seem, therefore, that a guide to the fireman con- 
trolled by a steam flow meter would be of questionable value. 
The success which Mr. Polakov scored in attaining and main- 
taining the high efficiency is due: 
a To putting the plant in the best possible condition and 
selecting the most profitable kind of ceal; 
b To thoroughly instructing the personnel of the boiler 
house and providing for their legitimate comforts ; 
c To the inauguration of a liberal bonus system, based on 
the actual efficiency of every individual fireman, and 
d To the most admirable system of investigating every short- 
coming as to its reason, in order to determine whether 
it was due to the man, or to something over which he 
had no control, and if the latter, to at once remedy the 
cause. 


The fact that in order to carry out the above plan, it is 
necessary to correctly meter the water to every individual 
boiler, to keep tabs on the water wasted in blowing off and 
that fed to boilers banked, and to weigh out the coal for every 
individual fireman for each shift; also to make the necessary 
caleulations and write out the individual reports, ete., neces- 
sarily brings up the question whether equally good results 
may not be obtained by simpler means. 

Mr. Polakov mentioned several other ways in which it has 
been attempted to inaugurate bonus systems for firemen, all 
of which he doomed to failure. Among others he mentions 
the attempt to base such a bonus system on the percentage 
of CO, contained in the flue gas. Of this, he says, “ The 


high percentage of CO, in the flue gas was adopted as a task 
basis for firemen in several plants, but the men were not 
trained nor were they shown how to obtain it. When they 
occasionally attained the mark, the question remained unde- 
cided whether the high percentage of carbon dioxide was co- 
incident with the most economical steam generation or not, 
and the method proved generally unsatisfactory.” 


I ask the question: How could it be otherwise? Would 
not Mr. Polakov’s system prove worthless if carried out in 
the same slovenly way? It can be safely stated that wherever 
CO, has failed to be a true guide to efficient firing, it has 
been due to similar causes. 


It is an indisputable fact that of any given boiler fired 
with the same fuel under the same conditions, the higher 
the percentage of CO, within the limits of practically com- 
plete combustion, the higher will be the eflicieney. Any ex- 
ceptions that may have been noted are always due to varia 
tions in the fuel, either physical or chemical or both, type 
of boiler, type of furnace, rate of driving, etc., etc. 

For example, excessive stack temperature due to hard 
driving, or insufficient heating surface, or a dirty boiler, may 
easily neutralize the benefit due to several per cent of CO, 
and thus it may, and does frequently happen, that the same 
boiler driven more moderately, resulting in a low stack tem- 
perature, may show a higher efficiency with a lower percent- 
age of CO, in the products of combustion. When the re- 
sults from boilers of different types operating under quite 
different conditions are compared, the apparent contradiction 
to the above statement may appear even more obvious. None 
the less the fact remains, that in every case where a compara- 
tively low efficiency is obtained with the high percentage of 
CO, it would have been still lower if the CO, had been lower, 
and where a comparatively high efficiency results from a 
lower percentage of CO, it would be correspondingly higher 
if the CO, had been higher, and these apparent contradic- 
tions do not all militate against the value of CO, as a guide 
for, as well as a control, over the fireman. Wherever excep- 
tionally high boiler efficiency has been achieved and main- 
tained, a high percentage of CO, in the flue gas has been 
obtained and maintained. 


The high standard set by Dr. Jacobus by the efficiency 
tests of the large boilers at the Delray Plant of the Detroit 
Edison Company was achieved with a percentage of CO, aver- 
aging over 14 per cent, and this high standard of efficiency 
has been practically maintained under every day working 
conditions, using the continuous recording and indicating 
CO, meter as the principal guide for the firemen, as re- 
ported in Mr. Parker’s paper. 


That this cannot be otherwise becomes self-evident, when 
we take into consideration the fact that up to 90 per cent 
and more of the heat loss in the generation of steam in the 
average boiler, passes up the chimney, and that the heat loss 
is the product of weight of the products of combustion, the 
temperature at which they escape multiplied by the specific 
heat, and that the weight increases rapidly as the CO, de- 
creases and that the temperature is not materially changed, 
due to the percentage of CO, in the flue gas. The above 
statements are fully verified by the figures given by Mr. 
Polakov in Appendix No. 3. 


Much stress is laid on the danger of losing more by the 
presence of CO in fuel value due to high CO.,, than is gained 
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in reducing the loss of sensible heat by reducing the weight 
of the flue gas. While I, by no means, wish to under-rate 
the importance of complete combustion, | do believe that 
there is much misconception regarding this point. In a 
paper, Combustion and Boiler Efficiency, read before the 
Society three years ago, I believe to have demonstrated by 
some 1100 odd flue gas analyses that there is no relation be- 
tween the content of CO and CO, in flue gas; that low CO, 
is no guarantee that combustion is complete and high CO. 
is not necessarily accompanied by an appreciable percentage 
of CO. This fact is also borne out by the flue gas analyses 
reported by Mr. Polakov, which showed that the lowest per- 
centage of CO, was accompanied by the highest percentage 
of combustible gases. Complete combustion depends much 
less on a large percentage of free oxygen than on the method 
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defects must be remedied, the firemen must be instructed 
and their legitimate comforts considered, an incentive to 
excel must be given, and above all, adequate means for their 
guidance and control must be provided. The correctness 
of the above general proposition will be conceded by all who 
have given the question of boiler house economy due con- 
sideration. 

Dr. Kent made the statement, “If we could get a con- 
tinuous record of the furnace temperature, we should have 
no need of CO, recorders.” This statement is apparently 
corroborated by the fac-simile of two records shown here- 
with, which were made simultaneously by a combined 
Uehling CO, meter and pyrometer. The gas analyzed was 
drawn continuously from a Babeock & Wilcox boiler near 
the uptake, and the temperature was taken a few feet back 


00 
TEMPERATURE OF FURNACE | 
A A 
‘ 300 — + + 
CARBON DIOXIDE IN CHIMNEY GAS 
B 
© 
© 
Cleaned Fire ‘Cleaned Fire 
a 10 12 2 3 4 
AM Noon PM 


SIMULTANEOUS ReEcorpDs oF FURNACE TEMPERATURE AND CQ, MADE BY ComBINED CO, METER AND PYROMETER 


of firing and the construction of the furnace, and most ot 
all on the furnace temperature, and inasmuch as an unnee- 
essary amount of excess air lowers the furnace temperature, 
very low CO, is more likely to be accompanied by com- 
bustible gases than rationally high CO, 

It has been abundantly demonstrated that with correct 
furnace construction, thorough instruction and proper treat- 
ment of the firemen, and by providing them with adequate 
means for their guidance and control, 12 to 15 per cent of 
CO, can be regularly attained without appreciable amounts 
of CO and maximum efficiency thereby maintained. It has 
also been demonstrated that a large excess of air, i. e., a low 
percentage of CO,, is no guarantee against incomplete com- 
bustion, that sporadic boiler tests and occasional gas an- 
alyses are of little value, that half-hearted attempts with 
an inadequate means for guidance and control cannot suc- 
ceed and are therefore a waste of time and money. 

To insure success the conditions must be studied, radical 


1Trans. Am. Soc. M. E., vol. 32, p. 1215. 


vt the bridge wall. These two records corroborate one an- 
other to a remarkable degree, and that one could apparentiy 
serve as well as the other as a guide and control of com- 
bustion efliciency. It will be noted, however, that CO, 
gives the more pronounced record. The temperature is also 
less valuable than the CO, because it is not a direct factor 
in determining the loss up the chimney; it is also unreliable, 
in that it is impossible to distinguish whether the variations 
in temperature shown by such a record are due to irregular 
driving or irregular air supply. But such determinations 
are impracticable because there is no pyrometer available 
that can stand up continuously under the high temperature 
of a boiler furnace. 

Dr. Kent has also frequently called attention to the fact, 
borne out by all efficiency tests, that the best results are 
obtained when the percentage of oxygen in the products of 
combustion ranges between 5 and 7 per cent, and he has 
strongly advocated the substitution of oxygen for CO, in 
the control of combustion efficiency. 

I have shown also in my paper “ Combustion and Boiler 
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Etlicency by coordinating the flue gas analyses of over 
1100 boiler tests, that the percentage of oxygen increases 
as the percentage of CO, decreases, and vice versa. This 
relation necessarily follows from Alvogadro’s law. When 
burning bituminous coal 7 to 5 per cent of O corresponds 
to about 11.5 to 14 per cent of CO,, which is good practice. 
Theoretically, therefore, it would be quite immaterial which 
ot these two constituents was adopted as the basis of con- 
trol. Practieally, however, CO, has everything in its favor; 
first, because it is very easily determined, whereas © is de- 
termined with greater difficulty, and second, because of this 
fact there is no oxygen recorder on the market, whereas 
there are several very good CO, recorders available. 

There are two fundamental principles on which a bonus 
system can be established. It can be based (41) on the ratio 
of the heat output in the form of steam to the heat input 
in the form of fuel, or (B) on the ratio of the heat input 
to heat wasted up the chimney. 

(A) It based on the boiler output we must know (a) the 
weight of coal fired under every individual boiler and (b) 
its average heat value for each shift and fireman. Second, 
we must know (c) the weight of water fed into every boiler, 
(d) its average temperature, (e) quantity wasted in blow 
offs, ete., for every boiler and shift, and also (f) the amount 
of superheat or priming. From these six factors the exact 
standing of every fireman in terms of elliciency can be cal- 
culated and the correct bonus determined. 

To determine these data means must be provided (a) to 
weigh out the coal to every boiler for every shift, (b) to 
analyze every car of coal received, (c) to meter the water 
into every boiler, (d) to record its temperature, (e) to 
record the temperature and pressure of the steam, and last, 
the data must be promptly collected, correctly coérdinated, 
and accurately caleulated, for which important work a com- 
petent clerk must be available for every shift. To be an 
active stimulus for proficiency every fireman must be in- 
formed whether he earned a bonus, not later than the begin- 
ning of his next shift. 

At the expense of accuracy this. method may be materially 
simplified by assuming (b) that the coal is of uniform qual- 
ity, (d) that the temperature of the feed water does not 
vary, (e) that the quantity of water blown off, ete., is the 
same for each boiler and shift, and (f) that the quality of 
steam is constant. 

(B) If a bonus system is to be based on the heat wasted 
up the chimney, we must know (a) the average percentage 
of CO, in the products of combustion as they leave the boiler, 
(b) their average temperature, and (c) the rate of driving. 
These three factors give all the information necessary. (a) 
Determines the efficiency of ¢ombustion, (b) shows the ef- 
ficiency of absorption, and (c) tells whether the fireman is 
doing his full share of the work. These three factors must 
be autographieally and continuously recorded for the pur- 
pose of comparing and scrutinizing as well as for the pur- 
posé of estimating the bonus. Instruments are now avail- 
able which will record these three factors on one chart. This 
reduces the number of charts from three to one, which re- 
duces the time to serutinize the records, and to average up 
and estimate their value to one-sixth or less of that required 
if the data must be taken from three separate charts. 

To get the best results it is necessary that the fireman 
should know what he is accomplishing all the time. He 


must, therefore, have indicators at or near the boiler front 
which will continuously show the rate at which he is driving 
lus boiler, the percentage of CO, he is producing and the 
stack temperature. With this information before him, he 
ean see all the time whether he is operating on a bonus 
earning seale or not, and this knowledge will not only stimu- 
late, but greatly aid him to get the best results. The pilot 
steam gauge used at the Delray Plant is an excellent idea, 
where the load varies greatly, as thus keeping the firemen 
continuously informed, obviates the necessity of making a 
written report to each fireman every day. Estimating the 
bonus once a week is quite sufficient. This reduces the 
clerical work required to a minimum. 

Determining the bonus according to method (.1) if fully 
carried out has in its favor great exactness, also that it 
shows the daily cost of steam production, and it also gives 
the necessary data, by which the coal can be purchased on 
the heat unit basis, the economie importance of which is not 
sulliciently realized by coal consumers. 

On the other hand method (8B) has in its faver greater 
simplicity, more general adaptability, and above all the im 
mediate and continuous oecular exposition of the complete 
process of heat production and absorption, and the continu- 
ous autegraphic record of the three controlling factors, in 
the best possible form. 

The cost of the apparatus and appliances necessary will 
probably not differ greatly. The cost of up-keep and at- 
tendance, including the coal weighers and chemists, will no 
doubt be largely in favor of method (/#). Either method it 
consistently carried out will give maximum efficiency. 

The procedure necessary to establish the maximum nor 
mal efficiency obtainable in any given plant may vary greatly 
in detail, but the broad principle outhned by Mr. Polakoy 
must be followed. Whether it is necessary to employ an 
expert depends on the availability of adequate home talent. 
Generally it pays to get expert advice. Unless the plant 
embodies fundamental detects, costly changes are generally not 
necessary to produce good results. In the majority of cases, 
it is only necessary to put the plant in proper working 
order, educate the firemen, or give them the means and the 
incentive to educate themselves, by inaugurating a bonus 
system. 

Mr. Polakov raised the efficiency of the Warrior Ridge 
power plant from 54.2 per cent to 78.78 per cent by increas- 
ing the percentage of CO, in the flue gas from an average of 
4.3 per cent to 12 per cent. The high efficiency established 
in this plant can be maintained only as the high percentage 
of CO, is maintained; there, as in every other case where 
high efficiency is attained, CO, is the most conspicuous single 
factor. 

In conclusion a few words to those who claim that CO 
recorders are unreliable, and they are continually getting out 
of order. They are neither infallible nor fool proof. In this 
they do not differ from any other apparatus or machine, a 
common pump for example. A steam pump is not a very 
complicated apparatus and is considered most reliable, but 
it will not draw water if the strainer is choked up, or a chip 
gets under the discharge valve. If such a pump be placed 
in some corner of a plant in charge of nobody in particular, 
it is a moral certainty that this pump would be inoperative 
the greater part of the time. Nine times out of ten that is 
the situation where CO, recorders of modern type (obsolete 
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apparatus are not considered here) fail to perform their 
legitimate function. In the majority of cases it is even 
worse because the pump would more than likely stand on 
veutral ground, whereas the CO, recorder is generally pro- 
jected into a hostile camp. It is looked at askance from the 
beginning and considered a despicable telltale, at best as one 
of those new fangled ideas that won't work anyhow. 

In net one case in ten where CO_ recorders fail to perform 
their proper function does the cause le in the instrument; 
nine times out of ten the fault les with the man higher up, 
in that. he does not hold some one person responsible for its 
proper and continuous operation. The failure to detail 
some one and hold him responsible is due either to lax man- 
agement or to lack of confidence in his own judgment when 
he decided to install such an instrument. 

It the troubles complained of were inherent in the appa 
ratas, it would logically follow that the ditliculties must 
multiply with the number of recorders installed, whereas 
practically all the failures rumored about, and nearly all the 
complaints received are from plants where only one recorder 
has been installed. It is apropos to say here that the benefit 
derived trom the installation of CO, recorders is in inverse 
ratio of the completeness of the installation at best. A com- 
plete equipment always results in marked savings, whereas a 
single instrument rarely shows tangible results. 


C. A. Austrom (written). In preparing his paper, Mr. 
Polakov has wisely emphasized the human element as an 
Important factor in the economy of boiler operation. Pre- 
vious speakers have all agreed with him on this point, but 
it occurs to me that most of these gentlemen had in mind 
mainly the larger steam installations, judging from several 
remarks, as for instance, Mr. Stott’s regarding the fact that 
tiring should be in the hands of educated and trained engi- 
neers, instead of as in the past by ordinary firemen. In 
large plants where the firing is done mechanically, this can 
be accomplished without much difficulty, but in the multi- 
tude of small steam plants I believe that we shall in the 
future, as well as in the past, see the shovels wielded by the 
old type tiremen and not by college graduates. 

Very little has been done to educate firemen in their line 
ot work, considering the great importance of such an edu- 
cation from the viewpoint of both individual and national 
economy, The economical end of boiler operation is very 
little understood by the average fireman and some kind of 
treatise, dealing with the problems involved in the econom- 
ical operation of boilers, written for the benefit of these 
men, has been a long felt need. Such a publication has re- 
cently been issued by the Travelers Indemnity Company of 
Hartford, and this, I believe, is the first attempt made along 
these lines. It deals with practically all the factors relating 
to boiler economy and should be of great help to firemen 
and owners of small steam plants. 


Emerson (written). Efficiency boiler 
plants is measured by the standards set. As elsewhere, 
everything depends on the value of the standards. The ra- 
tional standard cannot be the ultimate attained in a test 
run where all conditions were momentarily perfect, as on a 
race course. Nevertheless the test run of today becomes 
the expected regular achievement of tomorrow if we are 
able to eliminate the unstandardized conditions and opera- 
tions. 


Mr. Polakov’s paper is exceedingly valuable because it 
shows ways of standardizing conditions and operations in 
the boiler plant. The whole paper is so good that | feel 
less compunetion in calling attention to an omission, 

Most manutacturing operations consist of the wise com- 
bination of materials, work and equipment. In boiler plants 
manufacturing steam the materials are chiefly the fuel, the 
equipment is the whole boiler plant, and the attendants are 
the workers. The performance of the plant depends on the 
initial quality of the fuel as well as on the way it is used; 
it depends on the initial excellence of the equipment as well 
as on the way it is used; it depends on the initial quality of 
the attendants as well as on the way they are used. Before 
expecting continuous runs of lugh excellence we would pro- 
vide for tests of the fuel so as always to have the standard 
amount of B. t. u. per lb. We would similarly continuously 
inspect and test furnace settings, boiler joints, clean off seale 
or deposit inside and out, ete., ete. 

How can we expect best results unless the boiler room 
attendants have initial aptitude and are continuously main- 
tained in effective condition? Mr. Polakov lays stress on 
fuel of the necessary condition, selection and use of fuel, 
selection and use of equipment, use of attendants, but omits 
reference to the selection of men. No one would think ot 
raising a big crop, however excellent the climate, soil and 
tillage, from interior seed. Mr. Polakov has emphasized the 
careful adjustment of work to men, but not the equally im 
portant adjustment of men to the work, 


Frank B. (written). Four vears ago I called 
the attention of this Society to the necessity of a govern- 
ment bureau for the collective cataloguing and disseminating 
of knowledge regarding management, that the best methods 
of each individual of each generation might be recorded 
for all. Mr. Polakev’s paper not only shows a typical ad- 
vance that is being made in management, but also in the 
conservation of our natural resources. It shows how work- 
ers can be taught to be more eflicient, to waste less coal and 
at the same time how to earn higher wages, and how they 
ean perform their duties without wasting their energy. 

What Mr. Polakov says regarding chairs in the boiler 
room brings up the subject of chairs in general in the in- 
dustries. Absence of chairs in the past in the workshops 
has been due to general ignorance on the part of managers, 
but there is now no longer any such exeuse. Every act. 
every moment of unnecessary standing causes fatigue, and 
fatigue must be allowed for in the determination of a fair 
task for each worker. 

In our work of installing management I have been greatly 
impressed with the evidenced unnecessary wasteful hardships 
due to the absence of recognized rest periods in all indus- 
tries. Rest periods must be had, and therefore should be 
recognized, although the manager of one large machine shop 
said: “Sitting down even when there is nothing for the 
worker to do doesn’t look well, and also makes him lazy.” 

Many occupations have periods of unavoidable delay, and 
thus require no specially assigned rest periods; while others 
have no such unavoidable rest periods, and therefore should 
have such properly timed and scheduled in order to get the 
best results, least fatigue, and greatest output. 

With the idea of calling national attention to the need 
of devices for eliminating unnecessary fatigue, we have 
started at Providence a Museum of Devices for the Elimina- 
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tion of Unnecessary Fatigue in the Industries, and although 
we have caused to be sent out to date 55,000 notices, the 
only replies that we have received have been that they 
“were highly in sympathy with the idea,” but as they “ had 
never given the matter any thought before” they would 
“be unable to send any such devices for exhibition.” 

Mr. Polakov’s paper is a distinct addition to the literature 
of the science of management. There is no end to the sub- 
There is still great work in this line to be done, too 
great to be done by any but a government bureau, and | 
again desire to call attention to the desirability of this 
Society using its influence to forward the movement for 
establishing a national bureau for the investigation, record- 
ing, cataloguing and dissemination of knowledge regarding 
the elimination of unnecessary waste in the industries, and 
thereby bettering the condition of the workmen. 


Roger DeWo.rF’ asked what the connection was, if any, 
between the blower supplying the air to the stoker and the 
drive for supplying the coal. He also wished to know if Mr. 


Parker would consider a semi-automatie control for the 
blower, at least as being a desirable proposition. A new 


equipment of 875-h.p. boilers was being installed in 
Rochester using a semi-automatic control on the blower and 
a motor-driven feed for the coal, which was entirely in the 
hands of the firemen for operating. 

Mr. DeWolf agreed with Mr. Moultrop regarding the 
use of CO, recording meters, but would like to have further 
details. In this installation it was being arranged to meas- 
ure the feedwater continuously in order to get continuous 
records of the feedwater and of the amount of coal burned, 
and it was expected to rely on these, together with steam 
flow meters on the boilers, rather than on any CO, deter- 
minations. 


THe AvuTHor. In view of the tact that many of the points 
brought out in the discussion are general in character, | 
feel justified in emphasizing the main points. 

First, the method of management as illustrated in our 
particular example is based on induction otherwise known 
as the method of scientific investigation. It is a basis of all 
modern positive science and is as old as Novum Organum 
of Francis Bacon. Applied to the art of management by 
Dr. Taylor it is known as “scientific management.” The 
more exact is our knowledge of engineering sciences, psy- 
chology, physiology and political economy, the higher is our 
standard and the higher is the task. The accomplishment of 
the task is primarily based on the system of education of 
men engaged in the work. For this purpose each particular 
case shall be studied individually and all details—task, 
methods, implements, bonus, ete., must necessarily be con- 
current with the existing conditions and circumstances. 


1Mechanical Engineer, Rochester Railway & Light Company, Rochester, 
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Second, the task and bonus method is a most essential 
part ot the power plant management, being an educational 
campaign with a reward to those who learn. This makes it 
unnecessary to hire a college graduate to shovel the coal in 
the furnace when he can train the others to do it well. Pro- 
fessor Jacobus is in sympathy with those “poor fellows who 
did not know the method employed by other men” and there- 
by missed their bonus; he sees the danger where actually 
lays the strong incentive for cooperation and improvements. 
This systematic education of the employees in order to im- 
prove their work and remuneration stands in the same rela- 
tion to the selection of help as the method of using the 
equipment stands to its purchase. 

Yet in the particular case related in my paper the ques- 
tion of selection is infinitely less pressing than that of sup- 
ply. The location of the plant I have reference to is such 
that to secure any employee or summon a man to help in 
case of emergency often amounts to an impossibility, and 
the problem is not whom to hire but where to find anyone. 
Under such conditions we must say with all due credit to 
the importance and desirability of proper selection of em- 
ployees, that the method of training green, and sometimes un- 
fit, men and turning them rapidly into valuable producers is 
lar more important. The race track is the testing department; 
no one would think of running a race with a dray horse, 
but the profit of a trucking business depends upon the skill 
of the drivers and planning of deliveries, and not on pedigree 
alone. 

Third, in the past too much stress was laid on the physical 
perfection of equipment and this one-sided engineering is 
so well rooted in the minds of average managers that nearly 
all industrial ills and losses were believed curable by “patent” 
devices. Used by untrained and often underpaid and indif- 
ferent “hands,” they fail to pay for their first cost. It 
matters not whether after rebuilding the furnaces, baffles, 
etc., and changing fuel the various boilers will give the 
characteristic curves of the same value. The most suitable 
coal might not be obtainable at the desired cost and the re- 
construction might be impracticable under the conditions of 
service. The question is whether with obtainable fuel and 
existing equipment we know how to get all we can for the 
dollar’s worth; and if not, to learn how the desired result 
could be obtained. Unless we teach and stimulate the em- 
ployee to strive at the high task, the best equipment, if 
purchased, will again run in a haphazard manner. 

And lastly, to utilize the knowledge to the fullest advan- 
tage and to control the process at will, the conditions, not 
results, must be watched and regulated. The instruments 


will show the changes of conditions, and instruction cards 
must tell what to do; then if the cause is properiy treated, 
the result is gratifying whether it appears on the CO, 
chart, on auditor’s balance sheet, or is reckoned in thermo- 
dynamic terms. 
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STEEL UNDERFRAME BOX CARS 


By Grorce W. Rink, Jersey Crry, N. J. 
Member of the Society 


In approaching a subject of such importance to 
railroads as steel underframe box cars, it is surprising, 
in view of the interchange of such cars among the 
railroads, that more has not been accomplished during 
the past five years toward standardization in design 
of the various component parts, particularly those 
which affect the cost of maintenance and require con- 

stant repairs due to wear aud unavoidable accidents. 

During the year 1912, there were built 107,887 box 
cars of various capacities and dimensions, all varying 
vastly in detail design of important parts which re- 
quire frequent renewal, thus making it necessary for 
all railway storehouses to carry an unnecessarily large 
stock of repair parts running into very large sums 
of money. Standards have been adopted by the Master 
Car Builders’ Association which have in a large meas- 
ure reduced the amount of stock necessary to be car- 
ried. 1 believe the time has arrived to introduce ad- 
ditional standards affecting the maintenance of box 
cars which can also be applied to all types of freight 
cars used in interstate business. 

It is reasonable to assume that every railroad man- 
ager desires to purchase cars built in a substantial 
manner. In the absence of standard construction and 
because of competition, the car builders, when asked 
to furnish estimates and designs, will sometimes figure 
on material too light for the service. This, however, 
is not the fault of the car builder, since, from my own 
experience, I know that they will gladly add the ma- 
terial where needed, provided they are paid a fair 
price for the car. 

From my observation of steel underframe box cars, 
I must conclude that engineers did not understand the 
importance of low fiber stresses in the early designs 
of steel underframes; sufficient attention was not given 
to the tremendous impact blow which the center sills 
and car framing found it necessary to resist, with the 
result that large sums of money are now being spent 
by railroads in making repairs to these cars by rein- 
forcing broken center and draft sills, applying larger 
capacity draw gears and attachments, and heavier 
sills. It is not alone the larger locomotives we are 
using today which has called for a more thorough in- 
vestigation of the subject of car design and construc- 
tion, but also the severe shocks which cars are receiving 
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in classification yards. Also the superstructure of box 
ears should receive just as much attention as the under- 
frame, for how can the roofs be kept in alignment on 
cars having wood side posts and braces and loose tie 
rods. The roof is bound to work loose, resulting in 
leaks which prevent the use of the car for certain 
commodities. 

The application of steel underframes to old cars will 
no doubt prolong their lives. This is now being done 
by almost every railroad on cars built just prior to 
the advent of all-steel underframe box cars, but care 
should be taken, to see that sufficient metal is provided 
to withstand the present service requirements, keeping 
in view a margin of safety for the future, as no doubt 
it would be desirable to maintain in service for at least 
ten years cars to which these steel center sills were 
applied. The reinforcement of the ends of box cars 
has received attention by the Car Construction Com- 
mittee of the Master Car Builders’ Association, and 
they have presented recommendations in the way of 
designs for old and new box cars. This committee 
likewise made recommendations with a view to estab- 
lishing minimum area of center sills to resist end 
strain. 

Railway officials in charge of car repairs have seen 
the results of poor designing and light construction of 
the earlier steel underframe cars, and during the past 
three years have materially assisted in the develop- 
ment of the art by insisting upon the production of 
a stronger car, one that will hold together in all kinds 
of service with the minimum cost of repairs. 

I have compiled certain relative data from designs 
of eight wooden upperframe cars and one steel frame 
car, all of which have inside lining and outside sheath- 
ing, also six steel upperframe cars with only inside 
lining. All of these cars represent the latest designs 
of box cars now being built or recently placed in ser- 
vice by various railroads. The data obtained have been 
divided into the following groups, special cars for au- 
tomobiles and furniture having been disregarded : 


Table 1 General dimensions of box cars with outside 
sheathing 
Table 
sheathing 
Table 3 Dimensions of wood side framing 
Table 4 Dimensions of steel side framing 


Table 5 Dimensions of end framing for cars with wood 
side frames 


9 


2 General dimensions of box cars with inside 


Table 6 Dimensions of end framing for cars with steel 
side frames 
Table 7 Dimensions of side door openings, size of door 


and distance from rail to top of floor 
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Table 8 Dimensions of runnive beards, type of reot and 
carline, width and height at eaves, 
Table 9 
wheels, ete. 

Table 10 
ports, ete. 
Table 11 
at center for cars with wood side trames 
Table 12 
near belster for cars with wood side trames 
Table 15 
at center for cars with steel side frames 
Table 14 
near bolster for cars with steel side frames 
Tabli 
that the inside dimensions, such as length and width 
but 
the imside height varies considerably, due to the 


ete. 


Distance between body bolsters, spread of truck 
Dimensions of draft sills, side sills, floor sup 
Area, section moduli, ete., of steel underframes 
Area, section moduli, ete., of steel underframes 


Area, section modul, ete., of steel underframes 


Area, section moduli, ete.., of steel underframes 
by referring to this table, it will be noted 
for 36-ft. box cars are the same with one excep- 
tion 


type of the carline used. The American Railway As 
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of steel frame cars than when made of wood. It ap 


pears that there was a demand for larger cars than 


those adopted by the American Railway Association. 
of this body held November 20, 1912, 


the Committee on Standard Dimensions for Box Cars. 


At a meeting 


vfter ascertaining the clearances of various railroads 
decided that a box car 40 ft. 6 in. long, & ft. 6 in. wide 
and 9 ft. high was the largest car which could be con 
structed with due regard for clearances. | believe it 
undesirable to inerease the inside height of the car to 
“ ft. on account of inereasing the height of the center 
The 


present inside cross dimensions should be maintained, 


of gravity of the ear from the top of the rail. 
and the car should simply be lengthened to 400 ft. in 
order to obtain increased cubie capacity. Attention 
is also ealled to the great variations in weight of cars 
in Tables 1 to 


that either some of the cars are built too light or others 


shown and 2, which leads me believe 


PABLE 1 GENERAL DIMENSIONS OF BOX CARS WITH OUTSIDE SHEATHING 
| I | Insipk Dimensions 
ad (apa = ‘ 
( | ~ ~ 
| Length Width Height strik Lind Sill | Sheathing 
Pla | 
P.& SO.000 39.000 6” s’4 36’ 1034" 9’ 2 
Y.0. 4 W | 10.000) | 20’ Of 8’ 8’ 21,” is’ 37" 1074" G’ 1134” ’ 
P& R 80,000) is, 2° _ gi 8’ 2% 2 0” 7 
B. & Albany SOL woo 1 36” 103,” 034" 
C.4N.W | 41,200 Oo 8’ 5" 7’ 11! 41° 10 10’ 91,” | ‘ 
Un. I 12.700 9’ 1 5” 244" 1', *40)’ Qt,” 
“ n us 


sociation adopted on October 23, 1901, standard inside 
dimensions for box cars as follows: length, 36 ft.; 
width, 8 ft. 6 in.; height, 8 ft. 
were made by the Master Car Builders’ Association, 


No recommendations 


as requested by the American Railway Association, 
to establish external dimensions for the 36-ft. box ear. 
By referring to the table it will be noted that the 
to 
37 ft. 1', in., with length over striking plates varying 


length over sheathing varies from 36 ft. 101, in. 


from 37 ft. 79>, in. to 38 ft. 87, in., the variation being 
accounted for by the use of different types of end 
construction. No doubt these differences will continue 
on future designs of cars until a standard end frame 
and end sill construction is made compulsory. 

Table 2. 
of steel side frame ears, and it would appear that the 


This shows similar dimensions for types 


inside dimensions, especially of the long ears, are made 
There is really 
no exeuse for such a condition, as it means a further 


to suit the whims of various designers. 


drifting away from the ear of standard dimensions 
which should by reason of duplication in all its parts, 
facilitate repairs, bearing in mind that it is going to 
le a more costly proposition for railroads to repair, 
and at times replace, parts of damaged superstructures 


are carrying excess weight in the way of material not 
properly distributed. 
Tabli 


out what various designers consider necessary in the 


This table is very interesting in pointing 


way of sizes of material for posts and braces which 
make up the wooden body frame, the general arrange- 
In 1904, the 
style of framing recommended by the Master Car 


ment of which is shown in Figs. 1 to 4. 


Builders’ Association, and shown in Fig. 2, was adopted 
for cars of 60,000 lb. capacity, and that shown in Fiz. 
5, for cars of 80,000 to 100,000 Ib. capacity. There is 
the Master 
Builders’ design indicates the use of one belt rail, 


this one exception, however, that Car 
whereas, it is now necessary to provide two belt rails 
in order properly to secure the outside sheathing. This 
extra rail also adds materially to the rigidity of the 
side frame, assisting it against end strains. 

Table 4. 
sizes of material used in different members of the steel 
frame box car. This type of framing, as applied to a 
large number of box cars recently constructed, lends 


In this table is shown a comparison on 


itself very readily to standard construction; and it 
is well to note that, with the exception of intermediate 
posts and braces, we are again confronted with a va- 
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TABLE 2 GENERAL DIMENSIONS OF BOX CARS WITH INSIDE S"“EATHING 
Light InsipE DimMENSIONS Lenotn Over Width 
Road Capacity Weight over 
of Car Side Sills 
Length Width Height Striking End Sill End Posts 
Plate 
80,000 38,800 36’ 0” 8’ 614” 8’ 38’ 114” *36’ 1114” 36’ 1114” 8’ Oly" 
Can. Pac.... 80,000 38,300 36’ 0” 8’ 619” 8’ O14” 38’ 114” *36’ 1114” 36’ 1114” 8’ Oly" 
Wabash... 80,000 36,200 36’ 554” Ss’ 6” ror 38’ 554” *37’ 474" 37’ 4%" 8’ 914" 
Frisco 80,000 40,700 410’ 0” 8’ 6” 8’ 0” 42’ 034” 11” 410’ 11” 8’ 
Un. Pac 100,000 41,800 40’ 534” 9’ 2” 9 0" 42’ 1%" 40’ 834” 41’ 434” 9’ 5” 
P.R. 100,000 47,900 40’ 6” 8’ 10” 8’ 0” 42’ 6” 12’ 6” 41’ 9’ 015" 


* Between End Sills. 


riety of sections and weights of materials comprising 
the side plate, side sill, corner and door posts. There 
is no good reason why this condition should continue ; 
these cars will be in service practically all over the 
country, and barring wrecks, the frames will be sub- 
ject to the same stress due to impact blows, car lading 
and weight of superstructure. 

The general designs of steel side frames are shown 
in Figs. 5 to 12. It will be noted that standard struc- 
tural material has been used throughout, with the ex- 
ception of the Pennsylvania Railroad box ears. The 
design of frame of this railroad, shown in Fig. 8, makes 
a splendid appearance, is well arranged and provides 
for vertical inside sheathing. Due to the construction 
of the posts and braces, slight contact blows from ob- 
structions on neighboring tracks will not affect the 
appearance of the brace as they will if structural steel 
is used, which is more liable to distort. However, I 
am not in favor of pressed steel, on account of its 
higher first cost as compared with stock rolled steel 
and also of the fact that the ends of the posts and 
braces are flattened out where they connect to the side 
sill and plate, thus weakening them, especially at the 
bottom, where depth of the member is desirable to re- 
sist bending due to shifting of load or side impact 
blow. 

I prefer the frame construction shown in Fig. 7, for 
ears having an inside length of 40 ft. or over and the 


TABLE 3 DIMENSIONS OF BODY SIDE 


Same construction for cars 36 ft. inside length, omit- 
ting one panel from each side. A diagonal brace has 
been introduced in the end panel and is in tension due 
to lading, thus relieving the stress on the side sill near 
the bolster. It also ties the lower corner of the side 
frame. If the corner post were to receive an end blow 
directly over the push pole pocket, with the assistance 
of an end diagonal it would keep the panel square. 
Several designs (Figs. 6 and 6a) show omission of 
this brace, but for what reason I do not know, as it 
could be used to advantage also to secure the inside 
lining in this panel of wide span. 

The question of frame design will depend largely 
on how the sheathing is to be extended, i. e., vertically 
or horizontally. The sheathing extends horizontally 
for all designs of steel frames shown, except for the 
pressed steel frame. I believe vertical sheathing is 
preferable as it protets the lading against water. In 
the ease of horizontal sheathing, rain can beat in at 
the joints and the grooves or beading form gutters 
that have a tendency to deposit the water into the ear, 
both at the door and end posts. This is an important 
question in the case of cars used for transporting grain. 
Standard size sheathing should also be adopted. Re- 
ferring to the last column in Table 4, the thickness 
varies from 114 in. to 15@ in. and the width from 
31, in. to 514 in. It is reasonable to assume that if all 
roads having cars built of this type were to use a uni- 


FRAMING—WOOD CONSTRUCTION 


Bevt 
Side Side Side Corner 
Road Capacity Shsathine Posts Braces Plates Posts 
60,000 36’ 1044” 5°x234” 557x234” | 5°x5” 4147x234” 2 Fig. 3 
with with 
34"x24" Pl. 3”x3"x 
60,000 37’ 114” | 5°x214” 714"x3" 4”—7'6 lb. I] 4147x434” 4”x314”" 2 Fig. 2 
4”x5\6”"wood 
234"x4" filler 
80,000 37’ 03%" | 6"x4”" 514"x54” 514"x5 416"x3” 2 Fig. 1 
80,000 36’ 1134” | 5”x3” 74"x4” 5°25” 514 "x5” 314"x3" 2 Fig. 2a 
and and 
80,000 37’ | 6"x2 7%"x7" 6"x474" 6"x334" 2 | Fig. 2 
80,000 37’ 03%” | 5”x3” 63%4"x4” 516"x54” 2 Fig. 4 
80,000 40° 11%" | 6"x3” 67x54" 4” 4"x234" 1 Fig. 3 
100,000 40’ 9%” 5”’x214” 5°25" 6"x434” 2 Fig. 3a 
and and 
Pl. PI. 
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TABLE 4 DIMENSIONS OF BODY SIDE FRAMING—STEEL CONSTRUCTION 
“ng Side Styie 
Road Capacity Side Side Side Side Corner Inside Size of of 
: Sills End Posts Posts Braces Plates Posts Posts Sheathing | Sheathing] pPrame 
C.&O S0,000 18" 35 954” 13°—6.7 Ib. 2|3°—6.7 Ib.2 [3'9°x3"x 4°x3"x "ZL. | 3°—6.7 Ib. Z Horizontal | Fig. 5 
5! 9"x3" wood 24°25” 5” x4” wood 
wood wood 
Erie 80,000 a6’ 1144” 1b. Ib.2 Ib.2 | Horizontal | 1'97x5'4 big. 6 
flanges in 3 4lb.Z with 
3”—-4 Ib 
Can. Pac —6.7 Ib. 2]3°—6.7 tb. Z 15"x3 Horizontal | Fig. 6 
flanges in °—S.4lb.Z 4 lb 
Wabash 37’ 47%" 13°—6.7 Ib. 2]3°—6.7 Ib. [3°—6.7 Ib.2 | | 3°—6.72 Horizontal | 154"x5 Fig. 6 
flange sin 
Frisco 10 11” Ib. 213°—6.7 Ib 4°x3"x | 4°—8.2 Ib. Z Horizontal | 114’x3'4"| Fig. 6a 
wood 
Un. Pac 100,000 19"°—13 41’ 444%" 13°—6.7 Ib. 2]3°—6.7 Ib. 2 Ib.2 | [5x3 Horizontal | 1'9"x5',"| Fig. 7 
flanges in Pressed | 
sh ipe 
P.R.R 100.000 41 s! Pl Pl 4"x6"x3,", 4°x4°x," Bulb Angle Vertical Fig. 8 
Pressed sed T 


form size of material, it would be far easier and cheaper 
to make repairs. 

Table 5. This shows the various sizes of material 
used in end frame construction for cars with wood 
side frames. Various designs have been introduced, 
which are shown in Figs. 13 to 19. The use of I-beam 
posts seems to predominate, using wood fillers on each 
side for securing the belt rails; this forms an ideal 
construction when the posts are well secured to mal- 
leable iron pockets at top and bottom, in connection 
with a heavy end plate and with bottom pockets riv- 
eted to the end sill cover plate. Braces have also been 
introduced extending, as a rule, from the end sill 
corner to the end plate adjacent to the posts. No 
doubt this location is preferable on cars with wood 
framing on account of the practice of extending the 
side brace in end panel from the bolster to the top of 
the corner post. 

For securing the end frame against movement at 
the bottom, due to shocks occasioned by the shifting 
of loads, an arrangement of angle irons, located on 
and extending across the top of the end sill and se- 
cured by rivets to the top plate, appears to be excel- 


posts or sheathing. The former practice is preferable 
but it is necessary to cut out the sheathing at the bot- 
tom where it laps over the angle iron. Steel plates 
are also being introduced on the inside of box cars 
as shown in Fig. 17, this plate extending from the 
floor line to the top of the upper belt rail and well 
secured to the corner posts by metal bands, which ex- 
tend back to the door posts. It will be noted that in 
this construction the end posts are of wood and braced 
on the outside of sheathing by two pressed steel braces 
extending across the car, secured to the corner posts. 
This arrangement was recommended by the Master 
Car Builders’ Committee on Car Construction as a de- 
sirable method for rebuilding the ends of wooden cars 
with Master Car Builders’ lining. 

It is a known fact that cars built some ten or fifteen 
years ago were fitted up with a type of end framing 
which was very light in construction. No post or brace 
pockets were used in some cases, and in other cases 
where pockets were used, the metal re-inforcement of 
the wood posts, such as channels, ete., did not extend 
into the pocket. When these ends were changed over 
to that shown in Figs. 14 and 16, with 154 in. end 


lent. This angle iron is placed directly against the lining, no further trouble was experienced. From my 
TABLE 5 DIMENSIONS OF END FRAMING FOR CARS WITH WOOD SIDE FRAMING 
Road End Sills End Plates End Posts End Braces Corner Type of 
Posts Frame 

D. L. & W.... 0” —15 lb. C, flanges out; also reénforced with} 5”°x5” with Fig. 19 
3°x3"x inside 3°x3"x &” 37x3"x 

C. R. R. of N. J 12”—40 flanges in 4”x13!,” 4°—7 lb. 1 with 4”x4” 4°—714 lb. I] Fig. 16 
44°x10" Pl. & 3’x2'9"x top 2—24,4"x4" fillers 4”°x5 wood 

23¢"x4" filler 

P.& L.E........ 3467x1034" Pl. top| 4°x12” 4”—714 lb. I with 
top and bott. inside 2—2’x4” fillers 

N. Y. & W... 12”—20.51b. flange in 4”x13”" 14 Ib. 1 with 5”x5” 
144°x12"top Pl. 3°x2'_"x'4"Z top wood filler 

.| 13"—321b.C flangesout&castiron| 4°x15'4” 6"x4” with None 71¢"x7" 
filler top Plate 

16"x10” Pl. 4”x12” 4”—7'4 lb. I with 
3”x3"x34"Z.s top and bott. inside 2—2 yy"x4" fillers 

6x94” wood with | Ib. I with 5°33” 67x514" 
16"x9” Plate in rear 2—3 "x5" fillers 

8”—13%4 lb. C flanges out 334°x13" 5”x4%4" with 523%” 5’x5” 
3'9"x3"x top inside and 19"x3'4" flitch plate 
wood 
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personal experience, therefore, I do not believe an all- 
steel end is necessary to apply to wood side frame 
box cars. 

Table 6. This shows various sizes of material used 
in end frame construction for cars with steel side 
frames, and the arrangements of posts and braces are 
shown in Figs. 20 to 25. Referring to Fig. 23, it will 
be noted that the diagonal brace has been omitted from 
the side panels; the brace has also been omitted from 
the end panel on the side frame and due to absence 
of both braces, especially the latter, I am of the opin- 
ion that the corners of the car are not sufficiently sup- 
ported, and a side blow on the corner post near the 
eaves will result in distortion of the entire end of ear. 
My attention was recently called to a car with ena 
posts arranged as shown in Fig. 22; this car had re- 
ceived a side blow at the point in question and the en- 
tire end frame at the top took a permanent set of 4 in. 
from the vertical. For this reason, I believe diagonal 
braces extending from the side plate to the end sill 
near the center of car is a very desirable feature. 

Z-bars appear to be well adapted for end posts and 


40-Ton Ovutsive STEEL FRAME Box Car Usep ON FRISCO SYSTEM 


braces, and where set behind the end sill the best re- 
sults will be obtained against strains due to end load 
shifting, as the entire section of metal in the Z-bar is 
subjected to shear. In this case it would appear de- 
sirable to use channel end sills with steel cover plate. 
By referring to Table 6, the variety of material used 
in the making of end sills may be noted. Here is where 
a standard construction could be made up along with 
striking plate, push pole pockets, corner post angles, 
ete., to advantage. Cars with inside sheathing should 
have end sills designed on standard lines, as it is a 
part of the car constantly requiring attention, espe- 
cially in the vicinity of the end sill striking plate. 
Referring to Fig. 25, 

cars as recommended by the Master Car Builders’ Car 
Construction Committee may be noted. 
evidently worked up on lines similar to those applied 


the end construction for new 
This design is 


to the recent design of Pennsylvania box cars as shown 
in Fig. 24, the difference being in the use of rolled steel 
instead of pressed steel. I would hesitate to apply this 
construction to a new ear, as [ believe a good connec- 
tion can not be made to the top of the end sill of the 


TABLE 6 DIMENSIONS OF END FRAMING FOR CARS WITH STEEL SIDE FRAMING 
Section 
Moduli Type 
Road End Sills End Plates End Posts End Braces Corner Posts of Posts _ ot 
and Frame 
Braces 
O 8”—11'¢ lb. C flanges out 4”x12” wood 2—4”—7 '4 lb. I with 2—4"—8.2 lb. 2] 4°x3"x 12.28 | Fig 20 
14”x14” top plate Ib. C at] 1—334’x and wood 
bottom 1—2'4"x4" fillers 
Evie... 10’—15 lb. C flanges out Pressed steel 2—4”—8.2 lb.2 None 6.28 | Fig. 23 
14”x12” top cover Plate Z shape 
Can. Pac. 10°—15lb.( flanges out Pressed steel 2—4”—8.2 lb.2 None 5°x5"x 36" 6.28 Fig. 23 
14°x12” top cover Pl. Z shape 
Wabash. 8”—1334 lb. C flanges out Pressed steel Z 2—4”—8.2lb.2 None 4°x4"x14" 10.12 | Fig. 22 
14”x12” top cover PI. shape 2—3’—6.7 Ib. 2 
8”—1114 lb. C flanges out Pressed steel 2—4”—8.2lb.2 None 9747x346". 10.12. | Fig. 22a 
14°x12” top cover PI. shape 2—3”"—6.71b.2 
9”—13% Ib. C flanges in 5°x3"x 2—4”—8.2 lb.2 2—4"—714 Ib. | 6.98 | Fig. 21 
14”x8” top cover PI. 
PR. R Pressed steel Z shape Pressed steel 1 Pressed steel U shape 2 Pressed steel 4°x4"x94"Z. 14.94 Fig. 24 
upper leg 2354”, lower leg 514” U shape 
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Fig. 10 


Again, this 
framing is not adapted to the application of end doors, 


single post and two braces as shown. 


which a good many roads find it desirable to apply on 
account of the loading of lumber, rails, ete. My pref- 
erence is for a similar structure, using two posts, in- 
stead of one, with a diagonal brace each side similar 
to Fig. 20, having all posts and braces pass below the 
top of the end sill, for the reasons already mentioned. 
The short vertical plate behind the posts is desirable, 
and along with the wood lining, should make a prac- 
tical arrangement. 

Table 7. 
and sizes of doors used on recently constructed box 
ears. Of all tae things which should be made standard, 
a box car side door is one of the most important. The 
Master Car Builders’ 
standard, 6 ft. 5 in. wide and 8 ft. high, and it is en- 


This table gives the sizes of door openings 


Association now has a door 


10-Ton Ovursipe Street Frame 


Box Car vsep on Waspasn R. R 


deavoring to make this standard for new as well as 
old equipment. How many railroads are following 
this practice, which was recommended by their eom- 
mittee in 1910 and adopted as standard in 1912? By 
consulting this table, it will be noted that but one 
railroad, the New York, Ontario & Western, has ap- 
plied doors of this size. 

It has been the practice to use door hangers with 
rollers, in order to permit the door to slide easily. 
Some cars were recently constructed with heavy doors, 
but rollers were omitted from the hangers, and I have 
learned from good authority that they are not satisfae- 
tory, as a great deal of exertion is required to operate 
them. My recommendation is to continue the use of 
hangers with rollers. Also sufficient number of door 
guides, as recommended by the Master Car Builders’ 
Association, is not being applied; they are safeguards 


PARLE 7 DIMENSIONS OF SIDE DOOR OPENINGS, SIZE OF DOOR AND DISTANCE FROM RAIL TO TOP OF FLOOR 

Sipe Door 

Distance from No. of 

Road Rail to Top Door 

of Floor Guide 

Opening Size Type Brackets 
DL&W 4’ 014” 6’ 0x7’ 614” 6’ M.C.B 2 
%. a 3’ 6’ 0"x7’ 61,” “’ 519°x7’ 1054” 4 
6! 0%" 6’ 634 7x8" 214” M.C. B. 
4’ 1" 6’ 0"x7’ 8” 6’ 0” M.C. B. 

3’ 7%" 6’ 0" x7’ 634” 6’ 614"x8’ 215” Square Frame 5 
4’ 0” 6’ 0"xs’ 0" 6’ 634"x8’ M.C. B. 
C.& 4’ 1%" 5’ 0"x7’ 514” 5’ 254"x7’ 8” Not M. C. B 
Un. Pae 3’ 9H” 6’ 0" x8’ 87,” 6’ 634"x9’ 1” M. C. B. ‘ 
3’ 11” 5’ 6"x7’ 61,4” 5’ 9"x7’ 919” Square Frame 2 
4’ 1” 6 O 7” 6’ 3144"x7’ 8” M.C. B. 
4’ 24” 5’ 0"x7’ 8” 5’ 434°x7’ 1034” M. C. B. 2 
4’ 6’ 0"x7’ 734” 6’ 5"x7’ 1034” M. C. B. - 
4° 1” 6’ 0"x7’ 734” 6’ 7 ye"x7’ Not M.C.B 
Un. Pac 3” 9” 6! 2”x8’ 7” 6’ 654"x8' 9” M. C. B. 
714” 6’ 0"x7’ 354” 6’ 374"x7’ 934” 14” Steel 2 
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Fig. 11. 50-Ton Ovutsme Sree, Frame Box Car usep on P. R. R. 


against accident if a door hanger should fail, and four 
guides should be applied as required. 

The height from rail to top of floor shown in Table 7 
varies somewhat from the Master Car Builders’ stand- 
ard of 4 ft. There is no reason for this oversight on 
the part of motive power officials, and it is of consid- 
erable importance as it permits of standard unloading 
platform heights all over the country, making it easier 
for electric freight handling trucks to enter the cars 
on the same level. 

Table 8. This table gives some idea of the variety of 
roofs and roof carlines applied to recent box cars. The 
number of carlines required seems to be a disputed 
matter and evidently has been left to the manufacturer 
who supplies the roof. The essential requirements for 
a carline are to support the weight of the roof, with a 
suitable allowance for additional loading due to ac- 
cumulation of snow and ice, and which is of equal im- 
portance, to prevent the sides of the car near the eaves 
from spreading due to lading. 

As ear roofs are now receiving considerable atten- 


tion by motive power officials, I will describe the vari- 
ous types in use. They are usually divided into three 
classes, known as inside roofs, outside roofs, and all- 
steel roofs. The classification, inside roof, covers all 
types of car roofs where the metal is inside of the ear, 
and the roof boards over this metal are on the outside 
of the car. The classification, outside metal roof, 
covers car roofs where the steel is on the outside of 
the car, and the roofing boards are underneath. The 
classification, all-steel roof, covers a car roof in which 
a heavy sheet is used, usually about 16 U. S. gage 
material. In this case, no roof boards are used, either 
above or under the roofing sheets. 

The inside metal roof is the oldest type of roof in 
service. The original freight car roof consisted of 
either single or double sheathing of boards on top of 
the car, but the strain on these roofs was such that 
they could not be kept without continual repairs. The 
inside metal roof was then developed and being made 
of separate flexible units, permitted weaving of the 
car to take place and still have a waterproof roof be- 


TABLE 8 DIMENSIONS OF RUNNING BOARDS, TYPE OF ROOF AND CARLINES, WIDTH AND HEIGHT AT EAVES, EVC. 


Boarp 
No. of Max. Width, stance, 
Road Type of Carline Carlines Type of Roof pes ey Rail to 

Eaves Width | Size of Matl.| Length 
Pressed Steel U; also 4 7 Inside and all Steel 12’ 514” 19” 1 4 "x6" 38’ 
Pressed Steel 7 Inside Metal 9’ 6%” 12’ 2734" 19” 1”x6” 6 
Rolled Steel 11 All Steel 9’ 5%” 12’ 614” 20” 1°x6” 3s’ 3%" 
Pressed Steel [ 11 All Steel 9’ 6” 12’ 514” 24” 1°x7 4” 38’ 
Pressed Steel U Inside Metal 9’ 10” 12’ 134° 19” 
Pressed Steel 8 Outside Metal 9 5,” 12’ 71%" 1)” 1”x6” 
34"x3” Plate; wood 12 Inside Metal 9’ 9” 12’ 5%” | 114%x6” 41° 10” 

wood 

3”x3"x14” Z and wood 7 Outside Metal Y 7” 12’ 4” 24” 1°x7 14” 38’ 355" 
L Inside Metal 9’ 3%” 12’ 19” 1'4"x6” 38’ 51,” 
Pressed Steel [ 8 Inside Metal 9’ 3%” 12’ 7%” 24” 14” 38’ 514” 
Pressed Steel 11 All Steel 9’ 1014” 12’ 014” 1834” 147x534" 
4”—94 lb. I Outside Metal 9’ 7%” 12’ 554” 18” 1 
3”x3"x4” Z., and wood Outside Metal 13’ 14%" 24” 1 42’ 5° 
P.R.R Pressed Steel U 10 16” Steel Plate, riveted 9’ 11)” 11’ 8” 18 4” 1 14°x53¢" 2’ 1114” 
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Fic. 12 


low the roof boards. 


The outside roof boards are 
simply a protection to keep the trainmen from walk- 
ing on the roofing sheets. The advantages of the inside 
type are: (a) flexibility, (b) protection of the metal 
from the weather, (c) protection of the metal from 
trainmen’s boots, and (d) prevention of the quick cor- 
rosion of the metal, due to the roof boards preventing 
a deposit of cinders on the metal, which, when attacked 
by mo:siure, quickly eats away the galvanizing and 
also the sheet itself. 

The objections raised against this type are that the 
outside roofing boards work loose, the torsional strains 
of the car causing the nails to work out and rust off. 
This condition is usually caused by the weaving of the 
car superstructure and can be eliminated to some ex- 
tent by the use of stronger carlines. An inside roof 
properly applied as far as the metal is concerned, 
should last a good many years, with the replacement 
of the roof boards about every four years. These roof 
boards, besides being secured by nails, are now held 
down at the eaves by wire staples locking the boards 
to the facia. 

Of the outside metal roofs, there are numerous types 
on the market, but in a general way they are similar. 
Their differences usually are in the method of fasten- 
ing the sheets at the eaves. The gage of metal ranges 
in most cases from 22 to 26 U. S. The advantages 
claimed for the outside metal roofing are: (a) ease of 
application, (b) ease of repair, (c) somewhat lower 
first cost, and (d) possible prevention of fires, partic- 
ularly in the west. 

The objections which develop in this type of roof 
have been: the exposure of the metal itself to weather 
and chafing of the sheets where joined, causing the 
galvanizing to wear off so that the sheet quickly rusts. 
Cinders also collect along the eaves where castings are 


40-Ton StreeL UNpeRFRAME Box Car usED on P. & R. Ry. 


used, and when wet, sulphuric acid action will set in 
and eat out the sheet. This is partially overcome by 
the use of a slip joint along the eaves as provided for 
on the later types. 

The all-steel type of roof is a development of the 
last three or four years, and consists of metal plates 
of about 16 U. S. gage resting on steel carlines, they 
being an integral part of the roof. In some cases the 
sheets extend from side to side of the car, and in others 
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Fic. 13 Enp Framino on P. & L. E. B. & A. Cans I-Beam 
Enp Posts wits Woop Fitters anp Diaconat Braces ExTeNnDING FROM 
Enp ro Enp Puiate at Center Posts 


the sheets are divided extending from the eaves to the 
ridge pole. The amount of galvanizing used on these 
sheets is practically the same as that on the outside 
metal roofs, which is about 1.8 oz. per sq. ft. on both 
sides of the sheet. The claim is made that this type 
somewhat lightens the weight of the car, but the same 


., objections have been raised regarding the wearing out 


of the material as well as the tearing of the metal due 
to its rigid application. This latter feature is now 
receiving some attention by the manufacturers, and 
no doubt can be overcome. This style of roof is more 
expensive than the other types previously mentioned. 
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N.Y. 0. & W. 


Fic. 14 FraMING usED on N. Y. O. & 
W. Car HaAvinG I-Beam Posts with 
Woop Fitters; Diacgonat Braces Ex- 
TENDING FROM END SILL TO END PLATE 
AT CENTER Posts AND ONE PRESSED 
Sree. Horizontat Brace 


P.& R. 

Fic. 17 Enp FRAMING UseD ON P. & R. Car 
with Woop Center Posts; PLate Re- 
INFORCEMENT AND “y-INCH END SURFAC- 
ING PLate; Two Pressep Steet Hort- 
ZONTAL BRACES 
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c.&0 
Fic. 20 Stree. Enp FRAMING USED ON C. & 
Car with I-Beam CENTER Posts; 
D1aGoNAL BRACES RUN FROM END SILL 


at CENTER Posts TO END PLaTE 


Erie Can. Pac. 
Fic. 23. Stee, Enp FRAMING USED ON THE 
Erie anp Can. Pac. Cars wits Z-Bar 
Center Posts; No Diaconat Braces 


Fig. 15 Enp FraminG usep on C. & N. W. 
with I-Beam Posts HAVING 
Woop Friivers; Braces eEx- 
TEND FROM SILt TO END PLATE AT CENTER 


Posts 


Un. Pac. 

Fig. 18 FRAMING on Un. Pac. Car 
witH CENTER Posts CONSISTING OF Woop 
AND PLaTe REINFORCEMENT; DIAGONAL 
BRACES EXTENDING FROM END SILL TO 
PLate at CENTER Posts 
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Un. Pac. 
Fic. 21 Sree. Enp FRAMING vUsED on Un. 


Pac. Car with Z-Bar CENTER Posts; 
CHANNEL BRACES RUN FROM Enp SILL TO 
Enp at Cent2r Posts 


P.R.R. 


Fic. 24 Street Enp Framino on P. 
R. R. Car Pressep Steet U-Sec- 
TIONS; D1aGonaL BRACES RUN FROM END 
at Center Posts to Enp 
AND %-In. Enp REINFORCING PLATE AT 
Bortom 
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C.R.R. of N.J. 


Fic. 16 ENb Framing vsep on C. R. R. oF 


N. J. Carn wavine I-Beam Center 


Corner Posts wirh Woop Fitters 


DiaGonaL Braces EXTEND From 


Sint To Exp Pirate at Center Posts 


— 


| 

\ 
Sec.EE\ 
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L. & W. 


& W. 
CAR SHOWING CENTER AND CoRNER Posts 
MADE up OF ANGLE IRON anvd Woop 
Fitters; DiaGonat Braces RUN FROM 
Enp Situ at Center Posts to Enp 
Piate at Corner Posts Expo Re- 


Fic. 19 ENp FraminG usep on D. L 


INFORCING PLATE 


Wabash Frisco 


Fic. 22 Steer Enp FRAMING USED ON 
AND Frisco Cars witnm Z-Bar CENTER 
AND INTERMEDIATE Posts; so 
Braces 


Fie. 25 Stee, Exp Framine, M. C. B. Re- 
COMMENDED Desicn with SIncLe Z-Bar 


Center Post; Diaconat Braces 


FROM Enp at Center To Env 
anp \4-In. Exp PLATE at 
Bortom 


Frisco Car 
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Fic. 26 40-Tosx Sree, Unperrrame Box Car usep on C. & N. W. Line 


Large sums of money are paid out annually by our 
railroads to cover damage claims due to wet lading 
and the roof problem is a severe one with us. The 
service requirements, due to the use of heavy power 
and the severe service that cars are receiving in freight 
classification yards, compel us to give this matter our 
earnest attention and assist the manufacturers of car 
roofs as much as possible in developing a roof that, 
with ordinary care, will stay tight and protect the 
lading. Considerable success has been obtained with 
roofs applied to box cars made up of inside and out- 
side roof boards, having a layer of waterproof roofing 
material between the boards, similar to that applied to 
refrigerator cars. 

In the application of running boards, there seems 
to be no standard method followed. Table 8 shows 
that the width over all varies from 18 in. to 24 in. and 
size of material from 7, in. to 114 in. thick and in 


widths from 5%, in. to 714 in. This does not appear 
on the surface to be a very important matter, bit it 
seems to me that a better understanding should have 
existed between railroads, at least to arrive at a stand. 
ard width of platform for the safety of trainmen and 
standard size of materials. The Interstate Commerce 
Commission recommends a standard width of 20 in, 
and allows a minimum of 18 in. I would suggest, 
therefore, that all railroads, when applying new run- 
ning boards to old or new equipment, construct the 
platform 20 in. wide using 11g in. by 614 in. material. 

Table 9. This table shows the spread of body bol- 
sters for box cars of different inside lengths, also dis- 
tance over striking plates, truck wheel centers, ete. 
For cars 36 ft. inside length, bolster centers vary from 
26 ft. 6 in. to 27 ft. 6 in. and for the longer car this 
variation is shown from 30 ft. 6 in. to 32 ft. 6 in. The 
effect of a long overhang of the car from the center 


TABLE 9 DISTANCE BETWEEN BODY BOLSTERS, SPREAD OF TRUCK WHEELS, TYPE OF TRUCK FRAMES, BOLSTERS, ETC. 


Length over 
Road Inside Length Striking 
Plate 

Centers 
D.L.& W. 36" 37” 755” 
C. R. R. of N. J 36’ 0" 38’ 31,” 27° 0 
P. & L. E. 36’ 38’ 014” 
N. Y. O. & W. 36° 0” 38’ 87,5” 
P.& R. 36’ 2° 38’ 
B. & Albany 36’ O° 38’ 1” 27’ oO” 
C.&N. W 40° 0” 41’ 107,” 30’ 
Un. Pac 39’ 1174" 2” 14" 30’ 8” 
36’ 0” 38’ 619” 26’ 10° 
36’ 0” 26’ 10° 
Can. Pac 36’ 0" 38’ 1%" 26’ 10” 
40’ 0” 42’ 0%” 31’ 
40’ 6” 2 6” 32’ 6” 


Treew 
Wheel Base Type of Frame Type of Bolster Kind of Wheels 
&’ o” Arch Bar Cast Steel Cast Iron 
A Arch Bar Cast Stee! Cast Iron 
5’ 6” Cast Steel Steel Built up Cast Iron 
5’ 6” Cast Steel Cast Steel Cast Iron 
5’ 6” Arch Bar Steel built up Cast Iron 
5’ 6” Cast Steel Steel Built up Cast Iron 
5’ 0” Arch Bar Steel Built up Cast Iron 
5’ 6” Cast Steel Steel Built up Cast Iron 
5’ 6” Arch Bar Cast Steel Cast Iron 
5’ 4” Cast Steel Steel Built up Cast Iron 
5’ 4” Arch Bar Steel Built up Cast Iron 
5’ 4” Arch Bar Steel Built up Cast Iron 
5’ 6” Cast Steel Cast Steel Cast Iron 
5’ 6” Cast Steel Steel Built up Cast Iron 
5’ 6” Arch Bar Cast Steel Rolled Steel 
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line of the bolster to the pulling face of the coupler 
has a tendency to cause derailment on curves, due to 
the coupler side clearance in the striking plate not 
being sufficient to permit the coupler to swing over 
when the car is coupled with another car that has a 
short overhang; if derailment does not occur, excessive 
wheel flange wear is produced. For 36 ft. box cars 
it would appear desirable to have the bolster centers 
made 27 ft. which is now standard on a large number 


TABLE 
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Truck wheel centers vary somewhat, the majority 
of the railroads now using trucks with wheels spaced 
5 ft. 6 in. apart. This | consider very good practice, 
as it allows ample room for inside brake rigging. Truck 
arch bars and cast-steel side frames should be designed 
to interchange with one another and should conform 
to the Master Car Builders’ requirements. The prac- 
tice of using various designs of cast-steel side frames 
which vary in details should be discouraged, as there 


DIMENSIONS OF DRAFT SILLS, SIDE SILLS, FLOOR SUPPORTS, ETC 


Road 


D.L.& W 


C.R.R. of N.J.. 


N.Y.0.4 W 


P.& R 


B. & Albany 


Side Sills 


8”—11}4 with 
L 
334"x4%%” wood 
lb. [ 
334”"x4” wood 
14” Pressed Stee] 
Z7—9” high 
10”—20 lb. [ 
37x3"x 
319"x4” wood 


4”—8.2lb.2 
4”x4” wood 
6”"—15.6lb.2 
5”—11.6lb.2 with 
wood 


Ib. [ 
519"x3” wood 


| 8’—114 Ib. 


flanges in 
8”—1114 lb. 
flanges in 
8”—11 Ib. L 
flanges in 


57x3"x34" 


3”x4°5” wood 


Ib. 
flanges in 


67x4"x36"” 


Draft Sills 


12°—25lb.( 


15”—33 


35” Pressed 
Steel Z 

Pressed 
Steel Z 
spliced to 
ctr. sill 

3.” Pressed 
SteelZ 
spliced to 
ctr. sill 
15”—33 lb. 


3,” Pressed 
Steel spliced 
to ctr. sill 
15”—33 


15”—33 
15”’—33 lb. 


39” Pressed 
Steel Z 
spliced to 
ctr. sill 

36” Pressed 
Steel Z 
spliced to 
ctr. sills 
Pressed 
Steel out- 
side angle 
No splice 
34” Pressed 
Steel 


No splice 


End Sill 
Diagonal 
Brace 


4”—8.2lb2 


5’—6.5lb. 


5 


5°x3"x ” 


Bu” 


None 


14” Pressed 
Steel [ 5” 


wide 


6°x3"x 


5”—614 lb. 


None 


Pressed 
Steel 


8” wide 


Bopy Bo ster Cross BEARER FLoor Beams 
Type Type Ctr. to Type No 
Top Bottom Top Bottom] Ctr 
Pressed Cast Steel | | | 7’ 0” 4"—S.2lb.2] 3 
Steel C 
14” Pressed | ye"xl4” | 14” Pressed | | | 9’ O” | lb 3 
Steel s Steel 
back to back 
14” Pressed | 34"x14" | 14” Pressed | 14°x6" | 14’x6" | 8’ 7° | 14" Pressed | 3 
Steel JC Steel Steel 
3,” Pressed | ')”x24” 34”x16” | 3,” Pressed | | | 9’ 2” 5”°—9 Ib 3 
Steel [ s Steel | 
back to back . 
14” Pressed | 36"x15" | '4” Pressed | 9" 0” Same us 3 
Steel J[ Steel cross-bearer 
with cover 
Plates 

14” Pressed | 34”x22'4” | 54”x15" | 14” Pressed | 7’ 8” 4"—9'slb. I] 8 
Steel Steel 

Cast Steel 10°—25lb I Y 0 10” —25 tb.1 | 3 
14” Pressed | 14” Pressed | xt” | Ib 
Steel JC Steel 

14” Pressed | '2”x15” | 14” Pressed | 4° —S.21bZ i 
Steel JC Steel [ 

14” Pressed | 19”x15 | 14” Pressed | 4°—8.21bzZ 4 
Steel J[ Steel | 
14” Pressed | | 14” Pressed "xt" Pressed 3 
Steel C Steel © Steel [ 

| 

Pressed | | 36”x18” | 9°—15 lb. 6’ 5347] 9" —15 Ib 2 
Steel 

14” Pressed | 34”"x14” 14” Pressed | | 9’ O” 1,” Pressed 3 
Steel JC Steel Steel 

34” Pressed |... . Pressed 12” | 10” Pressed 6 
Steel U Steel Steel 

Shape 3,” deep 


of railroads and allows ample space for the application 


of draw gear. 


For longer cars the same overhang as obtained 
under the above conditions for 36 ft. cars could be 
maintained, which would make the bolster centers 31 
The distance from 


ft. for a car 40 ft. long inside. 


the face of the striking plate to the outside face of 
the body end construction should be ample to permit 
of the proper clearances being maintained for safety | 


appliances, as required by law. 


is no reason why a standard design of truck side frame 
for the different capacity cars should not be obtained 
and applied by every railroad in the country. This 
certainly would simplify repairs and they could then 
be purchased in the open market subject to specifica- 
tions. 

Bolster designs should also be made standard. This 
is a very important matter as the life of truck bolsters 
made of cast steel is uncertain, a number being re- 
placed within five to ten years after cars are placed 
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in service. It would avoid unnecessary delay in ob 
taining new bolsters for repairs when replacing a 
built-up design, especially when changing from one 
manufacturer to another, who not having a_ bolster 
pattern that will interchange, will try to furnish 
something else or make new patterns and in the mean- 
It is mani- 
festly impossible to carry such parts in stock for five 
to ten different designs for the same capacity car, as 


while cars are tied up at the repair shops. 


this cannot be done without increasing the amount of 
stock 25 to 50 per cent over the present allowance. 


Tables 11 to 14. These tables have been compiled 


Erc., 


Erc., 


to show interesting information on the subject of cen- 
ter sill constructions for 14 different cars, the types 
of underframes used in which are shown in outline 
in Figs. 27. 28 and 31. The heavy lines in the draw- 
ings indicate the cover plates used which appear to be 
a general practice among designers. This is consid- 
ered by many to be a very desirable feature and be- 
sides adding to the rigidity of the structure, increases 
the net area of section and therefore reduces the fiber 
stress to within reasonable figures. 

The strains which an underframe has to withstand 
vary, and depend a great deal on the design and ar- 
rangement of body bolsters, side sills and body fram- 
ing. With substantial side sills and body bolsters, 
compressive strains can be transmitted by the latter 
and thus part of the compressive load can be taken 
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Liowever, there is a limit to 
the load the side sills can take care of which is based 
on the ratio of length to the least radius of gyration, 
the length being considered as the maximum distance 
between adjacent floor beams. In the case of cars 
with wood body side framing it would appear desir- 


care of by the side sills. 


able to provide sufficient area at the smallest section 
of the center sills to take care of end strains, allowing 
the side sill to earry only its proportions of the vertical 
loads due to lading, weight of superstructure and an 
allowance for oscillation. 

In the case of box cars with steel side frames there 


TYPE G 
TYPE I 
J C 
TYPES 


Tyres or Center sHowinG THE Diversity DesiGN, ARRANGEMENT OF Cross Bearers, Lencta or Cover Piates, 
aS APPLIFD TO Box Cars with Woop Sipt 
Tyres or Center sHowiING THE Diversity DesicN, ARRANGEMENT OF Cross Bearers, Lencta or Cover Piates, 
AS APPLIED TO Box Cars with Steer Sipe 


FRAMES 


FRAMES 


is no question about the ability of the frame structure 
to carry considerably greater loads, both vertically and 
due to end shock, on account of the diagonal braces 
assisting in transmitting the strain throughout the 
side. For this reason some designers do not consider 
it necessary to use continuous cover plates on the 
center sills, but use rolled steel sections for these sills, 
having a much smaller net area than what is consid- 
ered good practice by others. 

In order to analyze properly the stresses in under- 
frames a standard method of comparison should be 
made. Cars do not fail as a rule because of the weight 
of lading, but principally because of strains trans- 
mitted through the coupler. The magnitude of the 
end shocks that underframes have to withstand were 
investigated in tests conducted prior to 1902, on the 


Ae 
at 
, 
_ 
9 
TYPE B 
f 
= = 
— 
= I I I = i 
TYPE E 
Typr 
Fic. 27 Fic. 28 sf 
Fic. 27 
Fic. 28 
— 
“te 


66 STEEL UNDERFRAME BOX CARS, GEORGE W. RINK 
TABLE 11 CARS WITH WOOD SIDE FRAMES AT CENTER 
on Outside n. in A\Es Mopvuut es cis =| 
} 
| | 
D. L. & W \ \ 12 | x19 | x19 12] 6.2 | 6.79 16)141.0 OS5 9335] 6402 | 12787] 3.29 054 
| below 
C.R. R.of N. J.) A A | 15 2 0029 
N.Y. 0. & W..| B | G | 24 | 37h fl'ge [3 3! ox3x | 51 J212. 57/235. 28] 8462c}] 10842] 2455 | 217590] o44as 
TOA bove 
P.&R E | 26 | 4x4x'9 | | 3.0013. 19 (3877. 69373. 97] 55146 6664) 5012 | 171001 6.31) lo Logs 
it 
B.& A DiE {22 | 3x3x3¢ | | | x20'g 26. S410.1812.07 11177] 3410 | 23519] 2.43 |p 04s: 
above 
C.6N.W | I B 115 5x20 x20 7.51] [ISS.57]171.86] 11859¢] 905€] 7143] 137721 4.49 lo O58 
| 13012¢ below 
Un. Pac | F E '4 | 3x3x | | 3x3xq% | 32.0915. 2015.49 [317.921313.2 9346) S671 | 23583) 6.01) 
| | | above 
| 


Lake Shore & Michigan Southern Railway with a dyna- Tables 11 to 14 on center sills, the area of the sills is 
mometer car having nominal eapacity in apparatus of given both at the center line of the car and near the 
300,000 Ib. It was found that the tensile and buffing bolster. The eccentricity ¢ or the distance from the 
strains, with an engine having a tractive power of center line of the draw gear to the neutral axis is 
36,000 Ib., were from 50,000 to 70,000 Ib. and 80,000 also given for these sections. Stress at the bolster due 
.0 150,000 lb. respectively, depending upon the skill RB 

of the engineer in manipulating the engine, the train to eccentricity equals “4 when the center line of the 


remaining intact. In coupling an engine to its train, _ R 

buffing strains from 65,000 to 142,000 Ib. were ob- draw gear is below the neutral axis, and —” when the 
tained. Thirty cars moving at about 614 miles per Se 

hour, and coupling on to ten loaded cars with brakes Center line is above the neutral axis. The combined 
set, gave a shock of 376492 Ib. It would therefore B.B. BB. 


stress ; ster equals le- 
appear from the above results, that provisions should @t the bolster equals “hel 


he made in designing a steel underframe box car to pending upon the location of the center line of the 
take care of an impact blow of 350,000 lb. transmitted draw gear. At the center line of the ear, compression 
throughout all sills. M 

It would therefore seem advisable to assume an Stress due to the lading equals | . Stress due to 
end strain of 200,000 lb. on the center sills of box cars RB - 
with steel side frames and 300,000 lb. for box cars with eccentricity equals —°. Stress due to end shock equals 
wood side frames for the reasons previously mentioned. *e 
If the center line of coupler were directly on line with B . When the center line of the draw gear at the 
the neutral axis of the section to be analyzed, the stress 4 ; 

. : 3 : center of the car is below the neutral axis, the combined 

per square inch on the center sills due to end shocks 
would be equal to the buffing force B divided by the M BB, 


: stress equals + and if the eenter line is 
area A of section. Referring to the data compiled in g. A Be 


TABLE 12 CARS WITH STEEL SIDE FRAMES AT CENTER 
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Erie. 18.73] 7.092] 7.908) 80.0 | 71.72] 20311¢ 1067810275 | 20714) 4.158 (0.1212 
| 22655 below 
Can. Pac ..... |18.73] 7.092) 7.908} 80.6 | 71.72] 20311 1067813270 | 17719) 5.408 (0.1287 
22655 below 
Wabash. 26.05] 5.98 | 9.33 [151.04] 96.8 | 10887 7677] GSO6 | 11758) 5.14 (0.091 
| 16987 ¢ below 
Frisco. . J E | 26 | | 3x3x%¢ | | 14x20 26.89)12.38 |13.87 ]235.53)210.23] S725 7437) 747 | 16909 8S [0.04 
9775 above 
K | G | 2735) [376 fi'ge 14x23 7813.94 |14 06 ]261.67/259.43] 9053 6949) 3829 | 19831 0 0.058 
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ratio of stress to end strain is obtained by the formula 


‘ 

+ In Which S represents the section medulus 
S, to be used if the center line of the draw gear is 
below, and S. if above, the neutral axis. The Car 


Construction Committee of the 
that the 
cars should not exceed 0.06, 


Master Car Builders’ 


Association recommend above ratio on new 
Thes also recommend a 
minimum area of 24 sq. in. of center sills. 

Tables 11 and 12 give the maximum stress on center 
sills due to vertical loading which was obtained by as 
suming a uniform load distributed throughout the sill. 
Caleulations are based on the weight of car body, A, 
the lading, B, and the oscillation, (. The ear body, 
weight A, carried on center sills was taken at 20,000 
Ib. except for Philadelphia & Reading box car, in which 
the weight used was 24.000 Ib. 


total weight of car body and underframe 


(assuming as two-thirds 
The lad 
ing B for 60,000 Ib. capacity cars was assumed as 
66.000 Ib.. for 80,000 Tb. capacity cars was assumed 
as 88,000 Ib. and for 100,000 Ib. capacity cars was as- 
sumed as 110,000 Ib. was taken at 
20 per cent of the total sum of lading and weight of 
car body carried. 


The oscillation C 
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wood side frames were made 


square Inch of tloor space 
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5238 


as 


if 


follows: 


le neth over centers of end posts, in ne 


calculations for center sill load for box cars 


load 


with 
per 


distances over centers of side posts, in inehe S 


Total uniform load on center sills 
W wl r 
whi 
spacing of center sills 
distances 
side post, in inches 
The ealeulations for center 


With steel sick 


square inch of floor space 


frames were made 


il] 


+ 


lm 


Total uniform load on center sills 


W wl 
Bending moment of eenter sills 


2 \4 


M 


where 


VM 


SIDE FRAM 4T BOLSTER 

R 3 

\ 

~ 
Sa. in. 

x Xx; Be 

| 

25.96 | 6.00 | 9.31 | 150.4 7704 
19.8 | 7.5 7.5 83.4 83.4 10101 
19.8 7.5 7.5 83.4 83.4 10101 
26.05 | 5.98 | 9.33 | 151.04 | 96.8 7677 
22.34 | 6.93 | 7.19 | 108 O1 [104.1 8953 
23.03 | 6.86 | 6.39 | 103.54 [111.16] 
30.68 | 5.38 | 5.99 125.62 }112.83 6517 


maximum bending moment at center of car 
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© = distance from center line of bolster to center 
of end post, in inches 

M 

= compression per square inch 

Me 

M 

= tension per square inch 

Ot 


Bending moment at any point x 


2 


where 


xz = distance in inches from center of end post to 
any section between bolster and center of 
car 


P = icad per lineal inch of sill 
In caleulating the Pennsylvania Railroad box ear, it 
was assumed that the cross bearers transmitted to the 
center sills a certain proportion of weight of the ear 


Bolste te 
| 
x 

Fic. 29) DiaGram For DETERMINING BENDING MOMENTS 

vy) 


Fic. 30) DrtaGram ror Loap DistRIBUTION 
body, thus producing an additional bending moment 
in the center sills. 

From Tables 11 to 14 are obtained the data pre- 
sented in Table 15. For the 36 ft. cars with wood 
body framing, it would appear that the averages shown 
for the area and stress both at the bolster and the 
center of the car approach figures which are safe for 
general practice. For the 36 ft. cars with steel body 
framing, the average stress per square inch behind 
bolster is too high for safe practice and should be re- 
duced by increasing the area. The low combined 
stress at center of car is due to the center line of 
coupler being located about 5 inches below neutral axis, 
which reduces the compression due to direct end shock. 
At the center of car the stress due to lading alone is 
also too high for safe operation. For the 40 ft. cars 
with wood body framing, the average stress per square 
inch is entirely too high and should be reduced by in- 
creasing the area of the section and cutting down the 
eccentric load due to end shock; this also applies to the 
section at the center of the car. In the 40 ft. cars with 
steel body framing, the maximum combined stress at 
the center of the car is a trifle high. 
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TABLE 15 DATA COMPILED ON AREAS AND STRESSES IN CENTER 
SILLS 


AkeEA OF CENTER SILLS 


At Center At Bolster 
Min Max. Aver Min. Max. Aver. 
36-ft. cars, wood frame..... 26.84 45.01 | 33.37 | 23.90 | 36.18 | 26.64 
36-ft. cars, steel frame. 18.73 | 26.05 | 22.19 | 19.80 | 26.05 | 22.72 
40-ft. cars, wood frame. ... 32.09 | 33.125) 32.60 19.08 27.30 23.19 
40-ft. cars, steel frame... 26.89 | 35.91 | 30.52 | 22.34 | 30.68 | 25.35 

Maximum COMBINED STRESS 

At Center At Bolster 
Min. Max. | Aver. Min. Max. Aver. 
36-ft. cars, wood frame 12505 | 23514 | 18274 | 10202 | 21124 16020 
36-ft. cars, steel frame...... 10539 | 20714 | 15182 18297 | 23069 | 20409 
40-ft. cars, wood frame..... 15607 | 23583 | 19595 | 29975 | 35620 | S2798 
40-ft cars, steel frauie.. 16909 | 19831 | 18393 8707 | 17713 | 13093 


In all of these cases it is well to note that the rela- 
tion of the center line of the coupler to the neutral 
axis has an important bearing on the strength of the 


sills. At the center of a car with fish-belly type sills 
TYPE A TYPE B TYPE C TYPE D 
[ | ] 
TYPE E TYPE F TYPE G TYPE H 
Fic. 31 Typicat Sections or CENTER SILLS SHOWING LACK OF 


STANDARDIZATION 


the center line of the coupler is usually above the neu- 
tral axis, which adds to the total combined compres- 
sion; whereas, with rolled steel sills, the coupler center 
line being below the neutral axis, will counteract 
somewhat the compression due to impact blow. This 
leads me to believe that nothing is gained by making 
the depth of fish-belly sills at the center any greater 
than is required to take care of the vertical loads. It 
will also appear that a fish-belly type sill is necessary 
for all types of cars mentioned of 80,000 and 100.- 
000 Ib. capacity, except 36 ft. steel side frame cars, 
which will render good service when using a center sill 
construction of plates and channels. 

Table 10. This table shows the general practice in 
designing body bolsters, cross bearers, side sills, and 
draft sills. For body bolsters, it is general practice 
to use two pressed steel channels spaced at various dis 
tances apart with cover plates top and bottom. The 
best designs have a spacing 6 in. to 8 in. between webs. 
For cross bearers, a variety of designs exist, the later 
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types consisting of heavy Il-beams passing directly 
through the center sill web plate and extending the 
width of the car between side sills. This plan is also 
followed out on the intermediate floor beams and 
makes a neat and substantial arrangement. The gen- 
eral practice is to use a pressed steel channel with top 
and bottom cover plate. 

For draft sills, the practice is, where structural 
steel channels are used for center sills, to extend the 
same channel to the end sill to serve as draft sills. It 
has been customary when fish-belly type center sills 
are used, to provide a pressed steel Z-shape draft sill 
and splice to center sill web plate projecting through 
the bolster. There is a tendency on the part of de 
signers today to do away with the splice by extending 
the web plates of center sills and providing outside 
angles to form the draft sill, using a continuous cover 
plate. Where pressed steel eenter sills and cover plates 
are used, the practice has been followed of extending 
this construction to the end sill, extending the cover 
plate too near the end of the sill. This construction 
requires the use of web plates about 5/16 in. thick, so 
as to provide sufficient bearing area for draft lug rivets. 
1 believe when draft sills have sufficient net area be- 
hind the bolster stop, that considerations of econom- 
ical construction would warrant dispensing with the 
splice, as in view of the additional cost of a splice on 
1000 cars, the expense of its application is not war- 
ranted when considering the number of sill failures 
likely to oecur due to its omission. 

As to draft gears, data regarding the type used have 
rot been tabulated. It is sufficient to say that of the cars 
enumerated, six were equipped with spring draft gears 
and nine with friction gears. The impact blow result- 
ing from cars coming together is practically absorbed 
by the draft gear. Friction gears are more efficient 
in this respect, absorbing a much greater percentage 
of total energy as compared with spring gears. This 
subject was thoroughly discussed by the members 
of the Master Car Builders’ Association some years 
ago, a full account of which appears in their proceed- 
ings. Owing to the large variety of gears in service. 
necessitating numerous designs of draft lugs, key at- 
tachments, ete., it would appear that, if a standard 
arrangement of draft gear and all appliances con- 
nected therewith were adopted by all railroads, it 
would result in great economy of maintenance. This 
should include striking plates and carry irons, which 
on a large number of cars are not of sufficient strength 
due to arrangement of end sills. 

The stresses in steel body framing can be obtained 
by graphical as well as analytical methods. Fig. 32 
indicates the manner in which the stress diagram for 
vertical loads is obtained, a uniform load of 70 Ib. 
to the lineal inch having been considered, correspond- 
ing to a uniform load of approximately 30,000 Tb. for 
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a 36 ft. car. The light lines indicate tension and thie 
heavy lines, compression. The side sill and top plate 
at the door opening are subjected to the same stress, 
but it is the usual practice to provide more area in 
the side sill to take care of unsymmetrical loading. The 
posts and braces must also resist crossbending stresses 
due to pressure of lading. The bending moment duc 
to this cause is 
H* tan* 
M = 
H = height of load in inches 
D = one-half distanee between posts in inches 
W = weight of lading in pounds per cubic foot 
6= 14 (90 deg.—angle of repose). 
By examining the tables shown giving the compara- 
tive data of various items which enter into the con 
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struction of a box car, it is surprising that more has 
not been done in the way of standard construction. 
The large expenses which railroads are now compelled 
to face due to repairs of freight cars could be partially 
reduced if standard designs were in use throughout 
the country. Repairs would be facilitated due to the 
use of standard materials throughout for various types 
of cars, fewer cars would be held up at ear repair 
shops awaiting material from foreign roads, and inter- 
change of cars would not be a hardship to any railroad, 
as all ears would be of equal strength. Also drawing 
room expenses would be reduced both for the railroad 
and car builder, and repair parts could be produced by 
cheaper methods than as followed out at present, due 
to elimination of a variety of designs and shapes, prin- 
cipally castings and pressed steel parts. 
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BOX CARS 


By R. W. Burnett, Montrrear 


Non-Member 


The paper which is confined solely to superstructure 
details of the steel frame box car is intended to apply 
in general to steel frame practice as developed in con- 
nection therewith. While the early development of steel 
upper framing is passed over rather briefly, many of 
the important considerations that have influenced its 
adoption are di-zcussed in detail, particularly as viewed 
by the Canadian Pacifie Railway. The 
and data presented are based on the writer’s expert- 


information 
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fore the Franklin Institute in January 1910, that 1] 


have thought it unnecessary to go over this same 
ground, but will review only briefly the development 
of the box car from the all-wood ear through the inter 
mediate stages of steel underframe cars. 

The original wooden car, with the single spring 
draft rigging having the check castings bolted to the 
sills, gave little if any more trouble than modern equip- 
ment, due principally to the shorter trains, lesser 
density of traftic and to the use of link and pin cou- 
plers which compelled gentler handling of trains than 
is prevalent today. The steel underframe car was built 
mainly to secure a stronger center construction for 
the attachment of draft rigging and to get away from 


Fic. 1 
ence in this railway system in connection with the 
design, construction and maintenance of 30,000 cars 
of this type, which represent an investment of 
$30,000,000. 

Credit is due to Mr. C. A. Seley, mechanical en- 
gineer of the Rock Island Lines, for designing the first 
outside sheathed steel superstructure box ears that 
The 
tion of steel into the superstrueture of the box ear 
and the development of the outside sheathed steel 
superstructure in particular, were discussed so thor- 


were constructed in large numbers. introdue- 


oughly by Mr. Seley in his comprehensive paper? be- 
1 General Master Car Builder, Canadian Pacific Railway 
Company 
2 Vol. 169, No. 4, April, 1910, p. 278 


Presented at the Annual Meeting, December 1913, of Tue 
AMERICAN SocteTy OF MECHANICAL ENGINEERS 


First INstipe SHEATHED STEEL FRAME BUILT BY THE CANADIAN Pactric Ratway 


the trouble caused by wooden sills breaking and split 
ting, broken draft bolts, ete. 

While having many advantages over the old wooden 
car, the steel underframe car developed some troubles 
peculiar to itself, the most important being due to the 
fact that the body being carried on a rigid frame and 
not held together by the strains resulting from its 
weight, as in the old trussed cars, has a tendeney to 
develop slack in the superstructure. This in turn af- 
fects the roof and sheathing. One principal trouble 
with outside sheathed cars is that, after they have 
been in service a comparatively short time, the sheath- 
ing frequently loosens at the end sill and at the side 
sills near the bolsters with resultant leakage of grain. 

There were some steel frame box ears built previ- 
ous to 1909, but the writer has been able to secure 
data on only the outside sheathed types. Of these 2700 
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Were in service on the Norfolk & Western, of which 
the first 100 were built in 1902; the owners advise 
they were satisfactory and the same type has been 
purchased on subsequent orders. The Rock Island 
and Frisco lines had in service at that date approxi 
mately 5000 cars similar to the Norfolk & Western 
and these also appear to have given satisfaction as th 
owners have reordered the same type several times. 
All of these, however, were outside sheathed and as 
regards leakage at the sills, had comparatively little 
advantage over the wooden cars. Reeently both of 
these lines have purchased some inside sheathed cars. 
The Frisco car of this type is fully described in’ The 
Railway Age Gazette, October 3, 1913. 

In 190s the Canadian Pacific Railway designed the 
steel frame inside sheathed box car as shown in Fig. 1. 
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for the cost of hauling per ton-mile, that no attempt 
is made to say what the saving would amount to, but 
certainly the advantage of having a car equal, if not 
superior to other cars in all respects, weighing from 
1000 to 5000 Ib. less will appeal to all traffic and 
operating men. Not only is there that much less dead 
weight to haul when the car is empty or partly loaded 
but additional lading can frequently be carried. The 
actual limit on the paying load that can be carried in 
a properly designed car is the total weight on thy 
axles. Thus, a car having 5 in. by 9 in. axles with 
such a tare weight that, when deducted from the ca 
pacity of the axles, allows the car to be safely loaded 
to 88,000 Ib. could, if dead weight be reduced by 3000 
lb., safely carry a paying load of 91,000 Ib. and retain 
the same strength. Thus the actual capacity of the 
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This car avoided the disadvantage of the outside 
Sheathed car which had not been accomplished by the 
steel frame cars constructed up to that time, and at 
once obtained a further reduction in weight and pro- 
vided for cheapness of maintenance by the use of steel 
superstructure, without the additional lumber required 
by the outside sheathed car. With practically no pre- 
liminary experimenting 500 of these cars were built 
and since over 30,000 have been built similar to the 
first cars, with the exception of several refinements of 
details, such as corner and door posts, end doors and 
side plates, and joining of flooring and lining. These 
changes have not affected the general design of the 
car, but are improvements that have been introduced 
from time to time to reduce weight and simplify the 
construction. The latest type of car is shown in 
bigs. 3 to 5. 

The steel frame outside sheathed car has several ad- 
vantages over the types previously used, notably in 
that the tare ton weight is low in proportion to the 
capacity. There is such a variation in the figures used 


USED BY THE Rock IsLAND System (40 Fr., 40 Ton 


car is increased almost 4 per cent with a better ratio 
of paying to dead load. 

With the wooden superstructure, it had been thought 
necessary to assist the superstructure by heavy roof 
construction, some going so far as to use different 
methods of diagonal bracing, but with the steel ear 
it has been found that there is no appreciable local 
movement of the framing in the heaviest service which 
makes a simple proposition of the roof as it has only 
to take care of itself. This presents a simpler problem 
to roof designers, making it possible to design a roof 
much lighter, without necessity for use of purlins or 
ridge poles to strengthen the car. It is obvious that 
unnecessary weight in the roof raises the center of 
gravity, and increases the tare weight and cost and 
has other disadvantages. 

In explanation of the local movement of this style 
of framing, it is well to mention tests we have made in 
jacking up this ear, which demonstrated that the car 
would take a gentle twist from end to end, allowing 
the bolsters to be slightly out of the same plane hori- 
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zontally. This twisting was accomplished without any 
perceptible local distortion of the sides or ends. The 
capacity for twisting is a condition to be desired 
as it allows a car to adjust itself to uneven track 
conditions. 
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the opening where the posts and braces meet at the 
bottom becoming obstructed, resulting in grain being 
retained between the sheathing and lining with result- 
ant complaints from shippers. All of this is overcome 
by the clean joining of the lining and the floor in the 


In addition to being 514 in. narrower than the out- 
side of the sheathing of a wooden car, the superstruc- 
ture of the Canadian Pacific Railway car is protected 
by the framing, so that a side swipe that would do 
serious damage to an outside sheathed car freq.cntly 
does not touch the lining and is resisted by the fram- 
ing without damage to the posts or braces. 1‘requently 
it is found that a side swipe that would almost demol- 
ish the sides of a wooden car only bends the steel fram- 
ing, and in making repairs, the lining is merely re- 
moved, posts and braces straightened and the original 
lining replaced, the whole cost being the comparatively 
small labor charge. Jacking frames are being installed 
at all of our principal repair points for all classes of 
steel cars, and while not original with the Canadian 
Pacific Railway, have been amplified better to take 
care of steel frame box cars. With these frames, many 
jobs that would require the car to be cut apart, taking 
several days, can be done in a few hours without cut- 
ting rivets. With modern steel frame cars, these jack- 
ing frames are as much a necessity as the blacksmith 
shop or any other part of the shop. 

With the outside sheathed car, it is difficult to clean 
a car properly when it is unloaded, on account of grain 
lodging between the framework and also on account of 
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steel frame cars, and it is believed a change of this 
kind would have come years sooner if designers had 
kept in close touch with service conditions. One ad- 
vantage of the steel frame ear is that outside of pos 
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sible repairs due to wreck damage and to wear and tear 
of couplers, wheels, brake shoes and journal bearings, 
the car does not deteriorate more rapidly in service 
than when stored. 
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The grading of lumber for use in these cars is an 
item that has received much consideration. Yellow 
pine or fir has so far been the principal lumber used, 
although we have experimented to some extent with 
spruce. Spruce has the advantage of being lighter, but 
it seems to be more difficult to dry it sufficiently for 
this purpose. Great pains have been taken to avoid 
knots that are too large or numerous and while it is 
generally desirable to have lumber as free from kuots 
as possible, | have never in the inspection of many 
hundreds of cars, seen where a knot had fallen out. 
It is, however, desirable to have lumber as free from 
sap and shakes as possible and thoroughly dry. 

When the first of these cars were built outside of the 
Canadian Pacific Railway shops we had considerable 
difficulty in getting the lumber properly dried due to 
lack of both experience and facilities on the part of the 
car companies. We have about 3000 cars on which 
the lumber has shrunk and given them a bad appear- 
ance, but this result was expected, as when the cars 
were built the lumber was quite green. The sheath. 
ing of these cars could be tightened for less than #4 
per car, but very few have been tightened owing to 
receipt of practically no reports of loss or damage to 
lading due to the shrinkage; also as they do not fre- 
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REPORT OF MOISTURE 
C, P. R. Equip. Order No... 


BOX CARS, R. W 


IN LUMBER FOR LINING 


BURNETT 


BOX CARS 


Number of Cars 


Moisture determination strictly in accordance with C. P. R. Spec. No. 243 C. 


Samples obtained every other day during construction, with a minimum of one sample for each one hundred cars built. 
B., 


promptly recorded on this sheet and sent to R. W. Burnerr, Gen'l M. C 


Result of each test must be 
Montreal, 


Car Nos. 
Lab. Date of Cars Repre- Moisture Average 
No. Sample Completed sented Per Cent To Date 
Fic. 7 


quently reach our main repair tracks, being shopped 
only tor such repairs as wheels, or wreck damage, we 
have not considered it advisable to shop the cars for 
a defect which is almost entirely a matter of appear- 
ance. The lining shrinks as much in two months of 
summer weather, as it ever will. 

The lining should not be matched before drying, as 
it warps and curls rendering it difficult to make a 
tight joint. The rough size of lumber should be at 
least 14 in. greater than finished dimensions. 
tablishing limits for drying lumber no information or 


In es- 


data could be secured whatever, and after experiment- 
ing we came to the conclusion that a piece of this lining 
of full cross-section subjected to a temperature averag- 
ing 170 deg. fahr. for 96 hours should not lose more 
than 6 per cent in weight and that lumber represented 


Orig. Average 

Width Shrinkage To Date REMARKS 

Inches Inches Inches 

Signed Eenuineer of Tests 


ForM FoR Reports TO CANADIAN PaciFic RaAILWay ON Moisture DETERMINATIONS ON LUMBER 


by samples losing more than 10 per cent must not be 
used until further dried. 

The the lumber taken 
from the vard makes it necessary to use eareful judg- 


variable condition of when 


ment as to the length of time it should be kept in the 
kiln. 


Railway this responsibility falls on the wood-mill fore- 


At the Angus shops of the Canadian Pacitie 


attention to this feature makes 


him the best fitted for the purpose. 


man whose constant 
The average mois 
ture loss reported by the test department for lumber 
used on cars now building at the Angus shops is 5.25 
per cent which shows that we are getting very satis- 
factory results from the kilns. <A of 
were made last year on lumber taken from the yard. 


tests 


number 


These tests showed a moisture loss of between 25 and 
30 per cent which shows the importance of drying 


| 
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lumber properly. The form shown in Fig. 7 is used 
jor reporting results of tests both at Angus and out 
side shops. 

Due largely te our insistence, nearly all the car 
plauts in the country are now equipped with dry kilns, 
and any possible additional cost of drying lumber in 
excess Of what has been considered good practice in 
the past would be less than $1 per ear. Such drying 
would make the car side practically the same as one 
board so that it is absurd that the possible shrinkage 
of lumber should be considered as any reason for this 
type of car not being built. It has been claimed that 
lumber can be so dried that it will swell and bulge. 
but we have never found this to occur. We have had 


hic. 9 INTERIOR oF CANADIAN Pactiric STEEL Frame Car 
CORRUGATED STEEL LINING 


cases Where lumber slightly moist has dried more rap- 
idly on the inside, due to that side not being painted, 
and made the outside of the boards slightly convex. 
with tight joints that could be easily mistaken for 
swelling, whereas the opposite is the case. We have 
kept a car with very green lumber in the passenger 
shop with a high temperature for over a month until 
the lumber was absolutely bone dry, and then put it 
outside with doors open through four weeks of con- 
stant raining spring weather, with the result that 
there was no closing of the cracks that could be de- 
tected which further proves that there is nothing to 
be feared from lumber being too dry. 

The defects in the sheathing that must be most 
closely watched are shakes or splits that extend oblique- 
ly downward into the ear which must be knifed in 
with paste before the car is painted. The edges of 
the lining should be painted, and we have found this 
can be done more easily and thoroughly by dipping 
the boards and putting them through between two 
rubber scrapers which removes the surplus paint leav- 
ing the edge thoroughly coated. This gives a thin 


CARS, R. W. BURNETT 
coat of paint on the inside of the car which is an 
advantage in causing the lumber to dry more uni- 
formly and diminishes the tendency to warp. Narrow 
boards have the advantage of having less tendency to 
warp, and also if the lumber should not be thoroughly 
dry, there is less total shrinkage for each board mak- 
ing the space between the edges narrower. The steel 
work and roofing are painted the same as other cars. 
This considerable space has been given to the grading 
end drying, and painting of lumber, as we have found 
that these factors have required much more attention 
than everything else combined in connection with the 
car. 

The development of the inside sheathed car has been 
so rapid and the experience with it so uniformly satis- 
factory, that I feel safe in saying that its introduction 
in such large numbers on so many roads in so short 


Fic. 10) View or Hoprer OpeninG IN FLoor or Cor- 
RUGATED STEEL LINED Car 


a time indicates more nearly a tendency toward the 
adoption of a standard car than has any distinct type 
of ear outside of patented cars for special service. It 
is certain that there will be no backward movement 
to a wooden superstructure and that this ear with 
possible modifications will remain a standard ear un 
less some superior type of ear is developed. It may 
be stated as the writer’s opinion that no committee 
will ever develop a car that will be adopted as standard 
but that the nearest we will ever get to a standard is 
what may be developed by one or two persons given a 
free hand, and the merit of which is so pronounced 
that it forces itself upon the country. 

With the use of structural steel there is less neces- 
sity of carrying special parts in stock on account of 
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repairs being largely a question of labor, and it seems 
that with this type of car the necessity from a repair 
standpoint for a standard ear is decreasing. This is 
further borne out by the faet that for the 30,000 cars 
of this type we have ordered no material for repairs 
and carry none in stock outside of material common 
to all cars, except lining; of the lining, our stock 
amounts to practically nothing. We save out sufficient 
of the parts from ears destroyed to make up our stock 
of repair parts, but have found it necessary to use 
very little of this. There are, of course, many valid 
reasons why cars should be made to standard inside 
dimensions and outside clearances. 

To look at the matter in another way, the wheels, 
axles, journal bearings, journal boxes, couplers, brakes, 
safety appliances. ete., which constitute the removable 
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tenance of which large quantities of timbers and cast- 
ings have to be kept in stock. It is of vital importance 
that the parts be standardized if that style of con- 
struction is to be continued. It should not be over- 
looked that in a car constructed with rolled shapes, 
these parts seldom need renewal even when the ear 
is wrecked, as they can easily be straightened or formed 
to the original shape at any car repair point, while 
wood would have to be replaced and pressed shapes 
would call for special dies to reform them. With a 
wooden box car the amount of material necessary to 
carry in stock and use for repairs increases rapidly 
with the age of the car. With a steel frame box ear 
the amount of material necessary to carry in stock and 
use for repairs outside of parts common to all cars 
does not increase with the life of the ear. 


Fic. 11 View or Street Frame INSIDE SHEATHED Box Car IN USE ON THE Erie RatLroap (36 Fr., 40 Tox 


and perishable parts, are all standard and when it is 
remembered that nearly all of the remaining parts of 
the cars are standard rolled shapes which are easily 
obtained either from the mill or from stock in all 
principal cities, it is apparent that we now have in 
effect, a standard car, or at least a car of standard 
parts. A ear of different dimensions would not in- 
crease the cost of maintenance as long as standard 
shapes are used; nor would it if every lot of cars is 
designed differently, as long as proper strength is 
maintained, and any change in design would usually 
be to increase the strength. In other words, to keep 
a car as close as possible to standard and reduce cost 
of maintenance, rolled shapes should be used in pref- 
erence to pressed shapes where possible. 

It is my belief that the people who are urging the 
adoption of a standard car for maintenance reasons 
have in mind the remaining wooden ears for the main- 


The wind resistance on the steel frame box cars 
with inside sheathing is slightly greater than on a 
smooth outside sheathed car, but on the other hand, 
it is less than on any ordinary type of stock car. The 
effect of wind resistance between box and stoek ears, 
has never been great enough to require any distinction 
between them as to the number of cars that could be 
hauled in a train of either and is really a refinement 
that not even a dynamometer car can detect. A small 
change in the angle or velocity of the wind, or differ- 
ence of the number of wheels running to one flange, 
or trucks somewhat out of square, affects the haulage 
of the train too much to enable any satisfactory figure 
for the difference in the wind resistance of the various 
types of car to be obtained. There is a certain stretch 
of track on the western plains of about 40 miles with- 
out a curve and practically level where high winds are 
frequent, on which the haulage capacity of locomotives 
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STEEL UPPER FRAME 
is dependent principally upon the wind, and yet even 
there it was found practically impossible to distinguish 
between the wind resistance of stock and box 
From this, it is evident that the wind 
steel frame inside sheathed box cars as compared with 
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resistance of 


outside sheathed ears may properly be ignored. 

In the summer of 1911, we lined one of these steel 
frame cars with corrugated steel and found it to be as 
simple a matter as lining with wood, Figs. 8 and 9. 
We lapped and rivetted the sheets, which were No. 15 
gauge, between the door and end, and had the corru- 
gations on the side and end coincide, pressing into 
special corrugated angles in the corners to break the 


joints. At the floor, we straightened out about 4 in. 


BOX 
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vinced that the use of steel lining with any insulation 
will never be extensively used as it adds to the cost 
and weight without affording any protection to the 
An 


advantage of this construction is shown in Fig. 10, 


lading, which is not secured by the wood lining. 


in the application of hoppers under the door openings 
which were made without alterations to sills or cross 
bearers. 

As regards the end of the car, Fig. 4, we use two 
4 in. Z-bar end posts of 8.2 Ib. per ft., with 154 in. 
lining which gives good service, but we intend to use 
on future cars two 5 in. end posts of 11.6 lb. per ft. 
with 2%, in. lining for a height of 4 ft. and 1%, in. 
lining above that height. This, we feel, will protect 


12 


of the corrugation and formed of it an angle that rests 
on the side sill, and on this the ends of the floor boards 
were superimposed, easily making as tight a joint as 
| have ever seen on any car. After 18 months of gen- 
eral service this ear was brought in and on examina- 
tion, found to be in as good shape as when constructed. 
It was interesting to note that, when inspected, the 
paint sealing the joints, where the side sheets lapped, 
was in no place seal broken, indicating that there is no 
material weaving or deflection of the sides. The paint 
was in perfect condition, there still being some gloss, 
indicating that in the use of steel there is no disad- 
vantage as far as the painting is concerned. Different 
methods of lining with steel could be followed, and I 
am convinced that if experience proves that there is no 
damage to be feared from heat, cold or sweating, that 
steel lining will be largcly used. But, IT am also con- 
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any lading that needs protection. If a car gets such 
rough handling that wheels or rails, or similar lading 
would break through, it is better to have the boerds 
broken than to distort the posts, as the lining can be 
replaced at any repair track with a minimum expense. 
while distorted posts would require sending the car 
to a steel car repair point. The single thickness end 
lining makes convenient the application of single thick- 
ness, grain-tight end doors. 

Out of 30,000 of these cars, 29 have been destroyed. 
Based on the length of time in service, this would 
average a loss of approximately one ear per 1000 per 
year. Of the cars destroyed, 15 were burned, 14 were 
destroved in wreck, 10 ears being destroyed on for- 
eign lines. As the loss of cars by fire is in no way 
atfected by the details of construction, I will eliminate 
them from the caleulattons. This then, based on the 
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length of time in service would give about one-hal! 
car per 1000 per year destroyed in wreck. As there 
is no appreciable deterioration of these cars in service, 
it is safe to assume that in the same service substan- 
tially the same rate of loss would continue, while with 
wooden cars the rate of loss would inerease each year. 

A conservative estimate shows that there are today 
approximately 65,000 steel superstructure cars, includ- 
ing outside sheathed, in service. Of this number 30.- 
000 are Canadian Pacifie Railway and nearly all the 
remainder belong to the roads whose names appear on 


the ears illustrated herewith. These T am able to show 
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at present. It was absurd that the slight variations in these 
parts necessitated their being obtained from the car owners 
when repairs were made on foreign lines. 

Mr. Vaughan thought that Mr. Rink was not quite fair 
to the Canadian Pacitie Railway in his illustration of type 
H undertrame (Fig. 28). The diagram showed the under 
frame without any cover plate, the bolster and the two 15-1. 
channels running through. The company did intentionally 
employ a cover plate running about 5 ft. long from the back 
of the dratt casting to about 3 ft. back of the bolster unde: 
neath the sill. 

Between the bolsters and the sills, the ears were practically 
Mr. 


unsupported except for side bracing. Vaughan stated 


Fig. 13) View or STEEL FRAME OF THE Rock ISLAND Car (Fi1G. 2) READY FOR SHEATHING 


through the courtesy of the officers in charge of the 
mechanical departments of the several lines, whom I 
wish to thank for their willing assistance. 


DISCUSSION 

H. H. Vavenan thought that Mr. Burnett’s position was 
sound, that the structural steel car was to all intents and 
purposes a standard, as far as any ear could be standard. 
He believed that one standard type or design of car would 
never be adopted. There were sure to be improvements and 
alterations that the different roads might think desirable; if 
standard material, easily obtainable, were used, and if cer- 
tain parts, mentioned by both Mr. Rink and Mr. Burnett, 
were kept standard, that would be as close to the standard 
car as would ever be approached. 

The draft castings, arch bars, bolsters and some of the 
other parts should be standardized to a greater extent than 


the Canadian 
Pacifie cars were running in heavy coal trains or under such 
conditions as the Norfolk & Western have in their coal ser 
vice. 


he would not advocate this construction if 


In designing a car it was necessary to figure on the 
service the car was generally going to run in, not the ser- 
vice it might run in. It was felt that 60 per cent to 75 
per cent of the service to which the box cars were put, both 
in Canada and the United States, was service in which the 
old type of underframe would stand up satisfactorily. These 
figures were justified by the result obtained with this type 
of car, in a period of five years, as given in Mr. Burnett's 
figures. 

As far as was known, not a single car had shown vertical 
of that 
slate had introduced a certain amount of longitudinal weak- 


weakness in the center sills. The omission cover 
ness through the center, as well as buckling sidewise, but in 
no ease buckling vertically. It was thought that the floor 


would be sufficiently stiff to prevent any lateral buckling 
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of the center sill, and some floors were so loose that they 
could not have acted that way if the ear had been permitted 
to buckle. The center sills and the side sills had ample 
strength to hold ap the corners of the cars under general 
conditions, and the saving of 500 Ib. of weight there, 500 Tb. 
in the cover plate, and a few hundred pounds here and there, 
was what had made so light a car. The company had a car 
weighing $6,500 |b. carrving 40 tons, which could be loaded 
to 95,000 permussible loading. 

Mr. Vaughan called attention to the advantage of reduced 
weight-on net earnings, and net on the cost per ton-mile; 
the company’s figures for 1913 showed that 22.54 tons per 
loaded car-mile were carried, and that the percentage of 
hight ear mileage was 28.5 per cent of the loaded car mileage, 
which gave an average load of 16.8 tons per car-mile total. 


The weight of the average car unloaded was 18 tons. so that 


keep up than a heavier one, but it would save two or three 
times that in the weight to be hauled uselessly about. c 

Mr. Vaughan agreed with Mr. Rink in the question of 
sheathing. The Canadian Pacific owned a number of cara 
Which had shrunk considerably, but there had been few 
cases of damage cases due to them. It was not a difficult 
matter to tighten them, as Mr. Burnett said, and the only 
reason Why this had not been done was because the company 
had not received a sufficient number of complaints to jus- 
tify taking the cars out of service and doing the work. The 
vertical sheathing would be, possibly, a preferable arranve 
ment if it could be accompanied with an economical and 
convenient design of side framing. But this would be diffi- 
cult to accomplish for the truss form of side framing nat 
urally lent itself to horizontal sheathing. In vertieal sheath 


ing horizontal members would have had to have been intro- 
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the average weight of car loaded was 34.8 tons. That was 
not a bad figure for a large number of roads in this country 
handling general traflie. The Canadian Pacitie handled a 
large amount of grain, and while it did not have much coal, 
the average load was fairly good. 

Assuming this average ear weighed 1 ton more, to begin 
with, without any question as to whether the train rating 
would always be changed or not, the weight of the car loaded 
would go up to 35.8 instead of 34.8; in other words there 
would be an increase of the ton mileage of 2.85 per cent; 
or if operating on a ratio of 70 per cent, under this changed 
condition of weight, the operating ratio would be 72 per cent 
instead of 70 per cent. The net earnings would drop from 
30 per cent to 28 per cent, which was a difference of 6 
per cent in net earnings. 

The question of weight was an important one in ear de- 
sign. A lighter car might cost $5 or $10 more a vear to 


dueed to take care of the fastenings, as in the Pennsylvania 
Railroad cars. The distance from the top plate to the sill was 
too great to permit the side sheathing to be placed vertically 
Without any support. 

Mr. Rink referred to end reinforcement repairs. The 
Canadian Pacifie Railway were using very extensively the 
same style end as was used on the steel frame ear for repairs 
of all wooden box ears: it simply put in two Z-bars and 
reinforeed the ordinary end post, and put the 15,-in. lining 
inside, 

He thought the reof question was the next to come up for 
discussion: the three types described were at present the 
most widely used. The Canadian Pacifie had been an ad- 
voeate of the inside metal roof for a long time, though they 
had experimented with the all metal roof, and would be in- 
terested to know what results were being obtained. 

Mr. Vaughan in diseussing the history and the develop- 
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ment of this type of car, said he felt that he was correct in 
‘saying that this type had been originated on the Canadian 
Pacitic Railway when W. E. Fowler was General Master 
Car Builder. The car was the result of a conversation 
between Mr. Fowler and Mr. Vaughan relative to policy in 
turning toward steel underframes. 


Bb. D. Locxwoop stated that if Mr. Rink’s recommenda- 
tions advocating standardization of cars were to be followed 
a committee should be appointed by the Society to design 
such standards, indicating in their work the minimum of 
strength and empty weight and the reasons therefor that 
should be acceptable from a railroad standpoint, so that car 
builders could govern their action properly in competition. 
The joint efforts of the railroad committee of the Master 
Car Builders Association and the United States Railway 
Mail Service in connection with the standardization of postal 
cars resulted in a series of recommendations, and the adop- 
tin afterward, of standard specifications, in which the mini- 
mum acceptable section moduli was given as the governing 
factor tor all principal members and there was no reason 
why this covid not be done in the case of recommended 
standards for freight cars. 

‘Mr. Rink ‘had outlined a calculations, but 
whether his deductions were to be considered as generally 
expressing the ideas of railroad mechanical engineers 
throughout the country was a question, and the whole mat- 
ter should properly be referred to a committee. 


system of 


H. Wave Hipssarp called particular attention to the ne- 
cessity of designers keeping in close touch with service con- 
ditions. A number of years ago he was connected with a 
large trunk line, where it was the declared policy in the 
mechanical department that the designers should go fre- 
quently into the shops and into the repair yards and into 
the scrap yards for the purpose of studying how the equip- 
ment had failed in service. Later the policy was changed 
and the men were not expected to carry on that sort of close 
contact with the service conditions, with the result that loco- 
motives that were found at the main shops to be bad in 
design for upkeep were reordered from the locomotive 
huilders with the same old mistaken design. The policy of 
one of the large steel car manufacturers of the country 
was a good one: they had a college educated man go into 
the shops and learn the business completely; he afterwards 
was kept traveling among the railroads that purchased steel 
cars from his company for the sole purpose of learning the 
ood and bad things about these cars in actual service, re- 
porting the result of his efforts to his company. 


W. F. Kreser, Jr. (written). There is one feature in the 
caleulations for end strength to which Mr. Rink has not 
especially called attention, and that is the ratio of stress to 
strain under end shock. The important point to consider is 
that at the bolster. This ratio in the 14 cars enumerated 
varies between 0.033 and 0.118. The high figures are due to 
the great distance between the center line of the drawbar 
and the neutral axis of the sills. The area of the center sills 
at the bolster varied from 19.08 to 36.18, and the average is 
24.75. Without using any additional metal in the center 
sills the ratio of stress to strain can readily be reduced in 
many of these cars to the advantage of the strength of the 
car, 


Both Messrs. Burnett and Rink seem to favor the Z-bar 
posts and braces because they are made of rolled material, 


RAILROAD 


SESSION 


and, as stated by them, can be readily obtained. This does 
not seem to be a good argument, as it is well known that 
standard sections of rolled material cannot always be ob- 
tained on short notice; in fact, within the-past year, the steel 
mills have quite frequently reported that certain angles, 
l-beams, ete., could not be furnished in less than three or 
<ix months. 

First. is 
the box ear with steel side frames all that it should be? It 
has been argued that shrinkage of lining, driving of nails 


The four following questions seem important: 


in lining to secure blocking, breakage of tongues and grooves, 
ete., will cause leakage, necessitating constant repairs, ani 
that the car with steel sheathing and wood lining is closer 
to the ideal in box ear construction. 

Second: in box cars without sheathing, shall all posts 
and braces be made of rolled steel, or all pressed steel? Ad- 
vocates of pressed steel assert that pressed posts and braces 
are lighter per unit of strength, because they can be forme: 
to the required shape; that they can be formed with sutli 
cient surface at the ends for the number of rivets required 
to develop their full strength, whilst Z-bars and other rolled 
forms require gusset plates for this purpose; that they are 
not likely to be damaged by push-poles, and, if damaged i 
wrecks, can be readily straightened and restored to approxi 
mate shape; that when absolutely necessary to replace them 
they can readily be obtained from car owner or builder, anid 
that it will not be necessary to wait for any special rolline 
of material. 

Third: should not the posts and braces be considere:| 
strictly as beams supported at top and bottom, in combina 
tion with straight tension and compression, as members o! 
the side truss? Mr. Rink indicated that flattening of presse: 
posts and braces, where they connect with side sills, has a 
weakening effect, which further indicates that he consider- 
them as cantilevers held in vertical position by the side sill- 
and frame braces connected thereto. In wooden cars thie 
posts and braces were strictly beams, and not cantilevers. 
as they rested on top of the side sills, either direetly or on 
castings with shallow pockets. Side sills of box ears have 
too little resistance against torsion to hold the posts and 
braces vertical; they, therefore, must depend on the strenet! 
of the side plate and the tying effect of the carline. If. in 
addition to this, a solidly riveted roof is used, the tops of the 
posts and braces are securely held in proper alignment anid 
the stability of the side truss is assured. 

Fourth: is it not imperative to use diagonal braces i. the 
end framing? No argument need be presented here for this. 
as Mr. Rink has already furnished sufficient argument, and 
we know of nothing to show the contrary. 

It should be noted that all of the 14 cars enumerated by 
Mr. Rink have so-called box-girder center sills, and that the 
majority of them have a minimum section of about 24 sq. 
in. With this section area a ratio of stress to strain of 0.06 
can be obtained, provided proper adjustment is made for 
relative location of neutral axis of center sills and center 
line of draft gear. It would, therefore, seem that the present 
designs of box cars corroborate the recommendations of the 
Committee on Car Construction of the Master Car Builders’ 
Association, and that those recommendations are reasonable 
and conservative. A thorough knowledge of cars by the 
motive power officials of railroad companies will, we hope, 
lead them ultimately to endorse the M. C. B. recommenda- 
tions referred to. 
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G. CHENowiTH’ (written . Before a standard for the box ears. In my experience designing equipment tor sey- 


box cur is reached, it appears to me that three very impor eral ditferent railway companies, the consideration t a 
taut items entering into the problem must be decided upon proper length ear was held as a serious question and good 
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service. 
Referring to Table 2. Mr. Rink States that it is the whim ire being advocated. 

ot the designer that occasions so many different leneths of There are many designs of steel carlines, and while some 

answer the purpose for which they were designed, others 

unsatisfactory. The tendency is to figure a earline for 
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Mechanical Engineer, Rock Island Lines, Chicago, Il 
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strength at the center, forgetting the section near the side 
plate. One function of the carline is to keep the side plate 
from spreading out as well as coming in, and therefore, 
should not be designed to support the roof alone. I had the 
oceasion not long ago to inspect a steel carline which had 
ample depth at the center, but at the ends a part of it was 
bent at right angles and riveted to the inside of the side 
plate angle, so as not to furnish any resistance to the side 
plate going out. I am of the opinion, that if need be, we 
should sacrifice head room to get carlines nearly straight on 
the bottom edge, which will act as a tie rod in tension and 
be in best of shape to withstand compression. 

The draft gear and its application to the car are the most 
important details of any car; yet while this fact is appre- 
ciated by all railroad men, a great diversity of opinion exists 
among them as to what is best. Many are holding to a spring 
gear, while others claim that the friction gear is a “ life 
saver.” Does the good obtained from the use of friction 
gear warrant the extra expense? There should be a mini- 
mum allowable area for draft sills, which should be effective 
and well balanced about the center line of draft. I have often 
wished that the standard drawbar height was increased at 
least 1 in., which would allow a better application of the high 
capacity draft gears. 

The steel frame box car with single sheathing has, I be- 
lieve, come to stay, with some modification, perhaps, in the 
general design, to overcome weaknesses which may develop 
in years of severe service. 


C. A. SELEY’ (written). 
the compliment paid me in the second paragraph of Mr. Bur- 


I acknowledge with many thanks 


nett’s paper; my connection with the development of com- 
posite freight car construction was very interesting and a 
deeply appreciated opportunity in working out that step in 
the evolution of car construction. About 15 years ago three 
factors influenced some progressive railroads to the larger 
introduction of steel in framework of freight cars: increased 
capacities, greater structural strength to withstand operating 
stresses, and the approaching equalization of costs of steel 
and car lumber, particularly for framing. 

For new cars, I believe there is now no good argument 
against steel for the complete framing, so combined that the 
sides will assist in carrying the load. 
arises as to how far to go with the use of steel for such 
Mani- 
festly, floors must continue to be made of wood to enable 
blocking of the lading. Aside from this there are many 
predictions of all-steel box cars. In my opinion this will 
be the ultimate construction, but doubtless slow in general 
adoption on account of the still favorable balance in favor 
of the cost of wood for lining and sheathing, and in com- 
bination with steel plate for roofing, whether of the so-called 
outside or inside type. When the all-steel box car does come, 
it will have to be arranged with ventilation features to pre- 
vent damage to lading from sweating and from accumula- 
tion of excessive heat which may unfavorably affect many 
high-grade commodities if shut up in a steel box without 
such ventilation. 

The Canadian Pacifie Ry. is to be congratulated as being 
the pioneer in developing the inside sheathed box ear, and 
judging from the record as stated by Mr. Burnett, and giv- 
ing due weight to the statement that “ practically no reports 


The question then 


parts of the car as merely contain or shelter the load. 


1 President, American Flexible Bolt Co., Chicago, II. 
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of loss or damage to lading due to shrinking” being re- 
ceived, that construction would seem to be fully justified 
when proper lumber and care in building are used. 

Both authors have diseussed the advisability of the stand- 
ard ear. I doubt very much if this idea will ever be con- 
summated, even to the extent of the standard material idea 
advanced by Mr. Burnett. The difficulty in the way is the 
human element; if we all thought alike it would be possible. 
The Master Car Builders Association has standardized the 
parts essential to interchange, and under this head may be 
and 
The 
This to 
the uninitiated would seem to settle most of the diffieulties 


listed couplers, air hose, wheels, axles, journa! boxes 
contained parts, brake shoes and brake gear parts. 
Government has standardized satety appliances. 
in car repairs, but we all know that very few of the Master 
Car Builders’ standards are really standard in exact detail, 
and the Interstate Commerce Commission satety appliances 
necessarily give considerable range of dimensions and ap- 
plication within which their requirements may be fulfilled. 

It is difficult for one not in railroad service to appreciate 
the whole problem, and particularly the influence of inter- 
change requirements. <A railroad may be of low gradient, 
equipped with light power, and have a class of tratlic that 
would ordinarily keep their cars on their own line, and the 
ears which would most economically fulfil all requirements 
for such a line and service can be readily imagined. In 
interchange, however, these cars might be required to go any- 
where from coast to coast, in all kinds of tonnage trains, 
through hump yard trials and other tribulations never expe- 
rienced on the parent road. 

Furthermore, a railroad car designer can never afford to 
worship standards in view of the rapid evolution in trans- 
portation. This may be illustrated by the progress of the 
Master Car Builders Association in adopting standards for 
ear axles, The 384 in. by 7 in. axle for 40,000 lb. capacity 
car was standardized in 1873; the 4'4 in. by 8 in. axle for 
60,000 Ib. capacity car followed in 1889, a lapse of 16 years; 
then in only seven years, the 5 in. by 9 in. axle for 80,000 
lb. capacity car was standardized in 1896; and that was fol- 
lowed in 1899 by the 5% in. by 10 in. axle for 100,000 Ib. 
capacity cars, and the end is not vet. The only limit is the 
gage and endurance of rails for wheel loads, and all above 
the rail must be proportioned to the stresses. 


O. C. CroMweELL* (written). Referring to Mr. Burnett's 
design of steel upper frame box ear | observe that no diag- 
onal braces are used in the end framing of the ear, such 
as are generally used in the end of a wooden frame ear. 
These braces tend to keep the end framing of the car square, 
and while their omission would probably not be apparent 
for the early life of the car, would it not be expected, as 
the car ages, to find a loosening up of the riveted joints 
uniting the posts with the plates and underframe? While 
the car is new, the end sheathing will serve to keep the fram- 
ing straight, but will not these end boards loosen up in time 
through shrinkage ? 

The paper states that the lumber in these cars is very care- 
fully selected, only specially dried lumber being used. When 
the car is new, this, of course, tends to keep tie framing 
square, but as this class of car becomes more numerous, there 
will be a letting up in this feature of obtaining specially 


1 Mechanical Engineer, Baltimore & Ohio R. R. Co., Balti- 
more, Md. 
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dried lumber, and the shrinkage of the boards will be more 
pronounced, and their effect as a brace will become less effi- 
cient. Also we know that on gondola ears the side planks 
decay under the side stakes and under the corner bands. 
Would not a similar action of the lumber be expected in 
this character of car as time went on? Would not this, in 
turn, lead up to the loosening of the framing? Also will 
there not be a tendency for water to get into the planks 
through the bolt holes and start decay? 

The irregular distribution of the loading in cars throws 
twists into the superstructure, and this has a tendency to rack 
loose the riveted joints. Also, the jacking up of ears to 
remove the wheels from the trucks throws similar strains into 
the framing. 

Provision has been made in this ear for taking up the 
shrinkage in the sheathing by providing slotted bolt holes 
in the framing for seeuring the bolts holding the sheathing 
in place. By slacking up these bolts and strainiy ¢ down the 
tie rods, the boards are to be drawn to tight joints. Re- 
cently I had an opportunity to look over the outside frame 


| 
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I would like to inquire if anyone has had any experience 
with other forms of board joints than the tongue and groove? 

Recently we have seen the intreduction of steel ends to 
wooden frame box cars. and it oceurred to me in connection 
with the end framing for steel outside frame box cars, that 
notwithstanding the fact that the 1*4 in. thick boards were 
used in the ends, these boards will be broken out by the 
shifting of the loads, and the application of the steel plates 
to the ends of the cars would protect the boards, and act as 
a stiffener to the end of the ear. Possibly this phase of the 
question may have been given some consideration and it is 
mentioned at this time in order to bring out this feature. 

Has there been observed any tendency for the sheathing 
boards to swell, due to the changes in weather conditions? 
I believe that it has been the general experience that when 
kiln-dried sheathing is applied to box ears. and driven up 
too tightly, trouble will result in damp weather with the 
boards swelling, and the sides of the ear buckling. This is 
experienced with narrow widths of sheathing applied ver- 


tically. With sheathing of wider widths of boards laid hori- 


j 


Desicn or Iron Box Can BY THE Battimore & Onto R. R. 1s 


box cars of another line, and found that they were not using 
the slotted bolt holes above referred to, and upon inquiry, 
was informed that these boards could not always be drawn 
tight by the use of tie reds, and that since they would not 
shift into place by the use of the tie rods, their use could 
well be dispensed with. 

| would like to inquire if there is any provision made to 
forestall the tendency of sheathing to deeay back of the posts 
and braces. At one time, the Baltimore and Ohio operated 
some outside wooden frame box ears with inside sheathing 
running longitudinally, and considerable trouble was expe- 
rienced with the sheathing deteriorating or rotting back of 
the posts and braces. There was also considerable trouble in 
maintaining the superstructure of these cars in a square con- 
dition, and a different form of roof bracing construction 
had to be resorted to. I would be interested to learn if the 
outside steel frame cars are a little later on going to develop 
the same peculiarity as to rotting of the sheathing that de- 
veloped in the old wooden ears. 

I understand that the joints in the boards are tongued and 
srooved, and I have been informed that on some of them 
the tongues and grooves are made a little deeper than is 
usual in order to insure against opening to the weather tn 
the event of the boards shrinking. In ease the boards shrink. 
being in a horizontal direction, has there been any trouble, 
during driving rains, with the water being driven around the 
ends of the boards and working into the inside of the car? 


‘ 


zontally, in which the moisture is retained longer, would it 
not be expected that there would be more swelling of the 
lumber, and for this reason, it may be that the slotted holes 
in the posts for securing the sheathing are useful more for 
the purpose of taking care of the swelling and shrinking of 
the lumber than for taking up any wear. 

I believe that there are some outside frame cars in which 
the siding is applied vertically; I trust that there will be 
some points brought out in regard to this paper that v ill 
give some light on the advantages and disadvantages of the 
two methods of applying the sheathing. 

Referring to the corrugated stee] lining used instead of 
lumber for sheathing, the Baltimore and Ohio Railroad in 
1862 built some iron box cars, Which had wooden y der- 
frames, but the body and roof of iron plates. The illustration 
shows one of these ears that had a body 24 ft. 14 in. long. 8 ft. 
2 in. wide, and about 6 ft. 6 in. high. The side and end plates 
were “/,, in. sheets, applied vertically, the sheets being about 
37 in. wide, and the roof sheets about 32 in. wide, all sheets 
being riveted together at the joints. The sides were slightly 
convex to give them stiffness, as was also the roof, but the 
end plates were applied pertectly straight. The sides, ends 
and roof were stiffened with 2 in. by 2 in. mbs of ash. These 
cars proved unsatisfactory, because in summer they became 
so excessively heated that they spoiled the merchandise, and 
in sudden changes of weather, produced sweating, with dam- 
age to lading, and the ears had to be finally withdrawn from 
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service, and used for special trade, and were ultimately con- but owing to the amount otf this grade of lumber which has 


ve 


rted into workmen's storage sheds, tool houses, ete. I> been used in the last two or three years, it is now possible 


would be interested to know if any of the corrugated iron to get a satisfactory grade, purchasing 6 in. stuff to finish 


cars have shown up any o 


these detects. 5 


1 


, in. face, which makes possible quite a saving on a large 


Referring to Mr. Rink’s paper, the several tables bring — order ot cars. 


out the principal dimensions in comparison very clearly, and 


Look 


¢ them over, one is impressed that in the main, the — 4, 


Judging trom the service which this type of car has give 


» date, and also trom the tavorable criticism it has receives 


dimensions are verv close, and that won eed o1 ‘ 
l i 5 2 ould need ily the from practical railwas men. it would seem that it would 

l fluen ea elation to elim ite these vari event ially replace the outside sheathed car, and owing to the 

tions to Dring them within tInuch narrower The 1] | 
y much narrower limit Ph simpheity of the design it would seem possible tor the ra 
metal parts. rolled shapes. ete.. used in the construction ot , ; 
| . ed he construct , wavs to adopt a standard car of this type i so tar as the 
these cars. could be tound in the stock of any railroad, in , , ' 
veneral dimensions and sections ire co erned ie 
case the cars were damaged or needed repairs. hs alia 
a ear with standara side dimensions ald outsicte 
| ‘ Dosis vl | ‘ Dosts side ly anal end } "ACES 
le posts i nd posts, sid races and end braces, — ¢jeagrances would be a matter of considerable importance t 
‘ roasts and door yosts, should be brought down » 1) 
il brought down A the car builders, as material! be stocked and availabl 
i hev a ow very is. as shown 
the er early i in t or building cars requires ick deliverv tor anv of t 
tables The s} ‘able ot the sar ens ne 

Table 4, are e same dimension: ailwavs which had adopte thus 1 eo ! It would als 

all the cars, except the case of the 4-1. pressed steel ] 
i ‘ ce jare orders sheat 
sliape, While there 1s o lv a shght variation in the side braces, ; 
Carlile prepare iad stored a su eny 
thev s be easil econelled Several ditferent cars 
ive the s e co posts. and as thev are verv much ex P 
vortant that thes alike on all cars 
| ‘ ~ 1) ener one o se cal ed 
tol { shows the ¢ hosts close, anad 
I al 
ive had ould seem o 
Phe ] t brought out in Mr. i s paper, with rete 
) ot tire ‘ ie sheatiung would 
‘ t how il e = vertal ly a 
edt W 1 Stee il. ad to t 
porta alice appears me i ere Foor 
iso i i ory | = 
ay all’ steel root will also be adopted, thus « 
ele as brought ou lable s, too, atfects large's 
cone creption ‘ 
ie heieht ot the truck. As it is desired to work towards sai te 
ird and int ick parts, the height of the 
= an lnportant o to bear 1 
t earl desi. el i | 
W. S. AtTWwoop Vritte . The first steel rame box cars qu tlils ert lige the sate 
built by the Canadian Car & Foundry ¢ ompany were co) cal a> it the prese 

siderably heavue than those now beine built. The car re that the Gestrabi SHOWS as 

erred to in Fig. 1 of Mr. Burnett's paper weighed 41,200 d weight of the all steel and ste ‘ ‘ 

this. of course, was partly due to the tact that the car against the all A 

as constructed from stock material, no special material ‘ie early designers. olnce these cary ace e go 

aving been ordered. In fact. the side braces and posts were Servlet vreat dea ito is D ila 
ule of heavy angles 1 ‘lace of the light Z-bars, as at eva to These stre IMporlanes stro 

present in use and as originally inter ded. There are several how rece misiderat 
details which have been changed from time to time in order not the same comparison mad ‘ ‘ e st ine 
ther to inerease the efficiency of the car. These details ‘e Wooden car as Was Mlale © the early advocat 

have also had a tendenev to lighten the weight, so that now ar construction. 

1 car weighs less than 37.000 lb. he statement ot Mr. Rink, that vertical sheathing is pre! 
Referring to’the grading of the lumber, with the first ears erable to horlzo tal o 0 s protecting the lading 
this tvpe. there was some difliculty experienced in secur ue ater, IS hardly the results whi ive 

ing the proper grade of lumber and also in properly drving been obtained with cars with the horizontal sheathing. Wit 

° ‘ genet? ote \ tahle ors lienher } wot 
it for application to this type of ear, as owing to the thick cars constructed with a suitable grade of lumber and wit 
reasonable care at the Joints, there should be no possibility 


ness, the lumber had to remain in the dry kilns longer than 


was necessary in the case of the thinner sheathing used on 


the outside sheathed ear, and on this account the ear com- 
panies were not, in all cases, equipped with sufficient dry 
kiln capacity. The lumber dealers, however, have met the 
ear builders in attempting to prepare a satisfactory grade 
of lumber for these cars and no difficulty whatever is en- 
countered at the present time in getting an adequate supply 
of a satisfactory grade. 

As to the allowance for finishing, in the first lot of ears 
built by the Canadian Car & Foundry Company, owing to 
the condition of the lumber it was necessary to use, it was 


thought advisable to purchase 6 in. stuff to finish 5 in. face. 


ef the lading becoming damaged with water. In faet, upon 
inquiry from officials who have several thousand of thes 
ers in serviee not one complaint was known to have beer 
received where the water had damaged the lading. I think 
the horizontal sheathing has many advantages over the ver- 
tical. 

The advantages that Mr. Rink shows would result trom 
all the roads having cars built of this type using uniform 
sizes of material cannot be emphasized too much. If any 
large number of railways using this type of car could agree 
en a uniform inside dimension and a uniform size of sheath 
ing. it would certainly facilitate the procuring of material 
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would result 
able 


irers lo 


in eventual benetit to the railways. It 
the car builders to the lumber 


r large supplies of this particular lumber, 


Would e1 arrange with 


hahnulact 


Which could be wrought dried and satislactory for use 
any need of rushing the material through 
kilns in eases of short deliver 
On the tirst cars of this tvpe, the diagonal braces in t] 
Wlhuiel Mr Rink reliers to, were appuled but 
the sti CSS Give to thy ravine rom the heavy slid 
il Used, both the side braces ind the end ora were 
ea alter the ! ew cars e There = 
le experience sulliaent support r the 
Ss of thy the end brace 1 
age from shitting Jos 
I thie ed this way sti . 
eal hot the st il 
ears have 
‘ if is s vas 
‘ i ‘ 
‘ ‘ The ¢ 
morta 
, 
i ) 
‘ ) 
ters i Pa | 
‘ ~ A. ’ ~ 
rt pore t of the the 
) | ‘ ‘ onsideratio 
M son of possible 
} race i serious elfeect Deo ‘ 
ule in Mr. B S paper it is explained that som 
ot the ea desiranle to permit the ea 
1s Se to u ‘ ich ipparently some wea ’ 
weheved eneral oping ot 1 se wi 
‘ illo to thre subvect Llowe ‘ ae 
vendent of this concededly necessary wea ing of t body 
the car as a whole, the end lraming needs, trom the stand 
nt of the general framing and from that of the root 
ore conside ration thar is been given to it. The end plate 


> a very important member of the body framing: it ties 


receives a large pro 


ovgether the ends ot the side plates ; it 
t 


he shoeks given to the end posts by the shifting 


loading; and it the momentum 
voards, brackets and ridge pole when the 


Portiol 
the 


ol 


receives of running 
ear is suddenly 
Further than this, in many of the de 
signs of end framing shown in 


started or stopped. 
Mr. Rink’s paper, the outer 
ends of the end plate act as cantilevers in 


ter the load on the ends of the side sills to the center sills 


assisting to trans 
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So 


through the end 


The 


ndition are those designs shown in Figs. 19, 


posts. 


important to 


this 
24 and 25, 


bottom of 


exceptions 
20), 


which the diagonal bracing extends from the 


the center posts to the top of the corner posts, lig 20 


showing the end framing recommended DS the Master Car 
Builders Associatior committee, 


The end plate is also an luportant part of the root proper 


because in all tvpes Ol roots some member o the roo is 
tfached to the end plates. As more attention is viven to 
roots in the tuture t is probable that so wil be 
| the side and end-traming chow assist the roo 
Phere are 1 few railroad me who tl K that the root, mea 
il part whiel) Sheds ite liad carmes the roo loads, 
rely to assist keep the rectangular xX 
) ar body j proper shape, but a great majority ft k 
that lite impossible, at least easonabl 
elg r the roc It l¢ an Ope 
M4 apoint ane the sti eigits, to p 
to weave less ad to provide a fle le 
eover it 
‘ i i \ isw ‘ ~ 1 
the ‘ and to shed ate? Wit 
outs ‘ i tiie 
el Det wes is 
esse S are ste lates 
ist o I ) rds ire 
damaged. Mr. Rink s it the 
) are replaced ever this means 
‘ is a we 1s Ve e Too 
et wee elghs the lost het en thy 
I eigh somewhat more than ¢ outside root ¢ 
Of the additional framir essary to support the 
above e metal sheets of thre side re Hoy 
e welg it mot thi ly ‘ i 
u Sane teat the all steel ule ot 16. | 
e will weig is \ ll steel root o : 
‘ t by. Mr. Rink vould weig more t 
‘ slde or outside roots wit No | vagve ste¢ 
y sheets, b e ft est sheets o ‘ t hie ter 
Ws Is o/ol iL, Which would weigh somewhat less per sq. ft 
i inside or outside roofs even though the latter have 
ting sheets of No. 26 U. S. gage. The No. 294177 & rage 
sects are vet erally ised for either the j side or the outside 
of and as it is the mean of the two extremes of No, 2? 
ind No 26, referred to by Mr. Rink, it will be used in the 
Ohowing Comparative weights. 
Considering roughly that the area of the roof is 400 sq 


negleeti y 


and additional thicknesses in joints, coverit 


ps, ete., the weights per root would be about 
double board roof, 2640 lb. : 


as follows: 
inside or outside root No, 24 
lL. S. gage sheet, 1728 lb.; all steel No. 16 0 . 1020 
lb.; all steel 3-32 in. thick, 1530 Ib.: and all steel 1 in. thick 
2040 Ib. Thus the all steel roof of No. 16 U. S. gage steel 
will weigh about 700 Ib. less than the inside or outside roofs 
with No. 24 U, 


Ss. 


rage 


S. gage roofing sheets. 
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There is also considerable misunderstanding about the first 
cost of various types of roofs, whereas under present con- 
ditions, there is not much difference in the costs of the vari- 
With the double board roof the extra course ot 
boards and the felt will cost about the same as the metal 


ous types. 


sheets of the inside and outside types. 
with No. 16 U. S. gage galvanized steel or 3-32 in. black steel 
will cost little, if any, more than the other types. However, 
considering the ultimate cost to the railroad company, it is 
necessary to go somewhat deeper than the first cost of the 


The all steel types 


root; for instance, Mr. Vaughan has said in the discussion 
of these papers, that it costs $12 per ton per year for haul- 
ing, but some prominent railroads put this cost as high as 
$22 per ton per year; however, if the mean of these, namely 
$17, is accepted it will be understood how important it is to 
reduce to a minimum, the material used to turn water and 
to carry the weight of a man or two. 
hauling 1000 lb., whether the rate per ton per year be $12 
or $17, will more than pay the interest on the total cost 
of any of the present types of roofs including the carlines: 
this fact ought to impress those who are interested in ulti- 
mate costs. 


The cost per year tor 


Another item in connection with the roof which affects to 
a considerable extent the total cost of the car is the total 
thickness of the roof including the roofing material and the 
earlines and the manner in which the carlines are attached 
to the side plates. There is no good reasou why the dis- 
tance from the top of the floor to the top of the side plates 
should not be the inside clearance height of the car; never- 
theless, in many instances the under face of the carlines is 
placed 3 in. to 4 in. below the top of the side plates and in 
such designs, the side and end framing and sheathing are the 
same 3 in. to 4 in. longer than necessary and entirely need- 
less weight is added thereby, frequently to the amount of 300 
Ib. to 400 Ib. 

GeorGE W. RINK. 
interesting facts, and in some cases a difference of opinion 
still exists as to the advisability of car. 
While it is true, as mentioned by Mr. Seley, that the capac- 
ity of freight cars has materially changed since 1873, we 
have reached a stage of development wherein it would be 


The diseussion has brought out some 


a standard box 


of immense benefit to all concerned 1f one standard type of 
car were to be purchasd by ail railroads, this design to re- 
main standard until changes are required to permit of rein- 
forcing some detail, found by experience necessary to 
modify. A number of railroads are now having ears built 
from practically the same designs developed by them as 
far back as four or five years ago, these cars giving excel- 
It is true that changes must be made 
from time to time, but they can be made along standard 
lines by a representative committee of railroad men assigned 
for this purpose. Suppose it was decided, after building 
a standard car for several years, that a radical change in 
design was necessary, some benefit would certainly be de- 
rived in having all cars purchased in that period built along 
the same standard lines. 

The omission of the short cover plate behind the bolster 
in the illustration of type H underframe in Fig. 28 of the 
advance pamphlets, to which Mr. Vaughan called attention, 
was unintentional, and has been corrected in this publication 
of the paper. I am much in favor of the steel upperframe 
box ear; and from the information contained in the diseus- 
sion, it appears that the horizontal sheathing is giving ex- 


lent results in service. 
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cellent results, and no doubt is preferable for use with the 
style of side trames built on the lines of the Canadian 
Pacific, Rock Island and other railroads. 

My object in tabulating the sizes of various members 
ot the box ear, particularly the steel upperframe car, was 
to eall attention to the small variations in weight and size 
of material which exist at the present day; and as mentioned 
by Mr. Kiesel, this material is difficult to obtain on 
and 


short 
such details, 


will 


notice, more attention should be given 
with a view of using only standard materials which it 


pay the manutacturers to keep on hand. 


H. H. VavGuan in closing for Mr. Burnett said that he 
felt the author was correct in that it was not a question of 
how long it took to get structural material, but that it was 
a quesion of not having to get material at all. It was very 
rare that structural material was required tor repairs on 
the steel superstructure car. If the car was side swiped, 
which was one of the worst forms of damage, it was only 
a question of the members 


eulting apart, 


ihem out and riveting them together again. 


straightening 
The amount of 
material required in repairs of steel cars of any type was 
exceedingly small compared with the material required tor 
repairing wooden cars, whether hoppers, box cars, or any 
other type. The only parts taken out were those that had 
been crowded together, or torn apart, and it was rare to 
lind pieces torn apart under wrecks. As a rule they were in 
such shape that they could be cut apart and replaced. 
As to the introduction ot a standard car, Mr. Chenowith 
advocated a standard car, and then proceeded to describe 
a new type of car which he thought was an improvement 
Mr. Burnett called 
standard there was one change after another; little improve- 
The 
Canadian Pacitie began building cars a couple of months 


over those in use. In the cars which 


ments were suggested as each lot of cars was built. 
ago, and improved them in the making by changing all the 
rivet spacings. It was tound that the rivet spaces were in- 
convenient in many eases and they could be built much 
more easily by changing the rivet spaces. If a standard 
next 
would contain some improvements and changes. 


car were decided on tomorrow, the order tor cars 
It seemed 
to Mr. Vaughan that the best plan was to fellow standard 
With steel con- 
struction, that question would largely take care of itsel!. 
Mr. Cromwell, Mr. Vaughan said that a 


different joints were tested before the tongued 


parts and to use material easily obtainable. 


In answer to 
number of 
and grooved joint was decided wpon. 
a joint with a steel piece inserted between ‘he rabbet and 
lining running into a steel strip were experimented with. 


This style of joint, also 


The tongued and grooved joint was found to be the best, 
however, in the experience of the Canadian Pacific Railway. 

In reply to an inquiry as to whether or not the features 
of ear were patented, Mr. Vaughan said that that was rather 
a difficult question: there were some patents on this type ot 
ear, but so far as he knew no one had ever paid any royalty 
on them, and he did not know of any important patents 
that covered the construction of this type of car. 


R. W. Burnerr. In closing I will make only a few re- 


marks on some items not replied to by Mr. Vaughan o1 
which were not fully covered in the paper. 

Mr. Kiesel questions if it is advisable to use single 
sheathing on account of damage due to driving nails for 
securing blocking, ete. 


It is my observation that there is 
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nothing to fear from this source, as even our oldest ears 
of this type show no signs of causing trouble. This is also 
true concerning the absence of end 


These cars even when severely stressed, in acei- 


diagonal braces in 
framing. 
dent, retain their squareness in end frame to a surprising 
decree. 

If | understand Mr. Chenowith correctly, he considers 
that relieving the side trame of load stresses will render the 


car more tlexible. I do not 


believe this would make any 


appreciable difference in the flexibility of the ear. In his 
remarks conterning strength of end plates, | presume he 
has reference to that type of car using vertical sheathing, as 
horizontal sheathing assists the end plate very considerably 
the end 


remarks on 


in resisting the reaction ot 
Mr. ltraming 


are answered in my reply to Mr. Chenowith, except that | 


Posts. 


Cromwell's braces and end 


may say it is needless to worry about twisting strains due to 
Jacking car, as the twisting stresses received in a few miles’ 
journey over track that has heaved, produces more racking 
than 


ail the jacking the car would receive in a lifetime. 


MEETINGS 


SAN FRANCISCO, NOVEMBER 17 


At a meeting of the 


17. the following 


Robert T. 


San Francisco Section on November 


comnuttee elected for the 
Sibley, chairman, C. R. Weymouth, vice 


Hutchinson, 


was coming 
year: 
chairman, C. 


Thos. Morrin. 


secretary, Jones and 
NEW YORK, JANUARY 9 

The January meeting of the New 

Institute ot 


Society in York 
Electrical 


Society, at 


Was 


a joint meeting with the American 


Engineers and the American Electro-chemical 
which was held a symposium on the subject of Electrolytic 
Metals. Law- 


rence Addicks, ol the American Electro chemical Society, on 


Deposition of A paper was contributed by 
Limitations of the Problem of Electrolytie Deposition; an- 
D. Newbury of the 


Electrical Engineers on Sources ot 


other was presented by F. 
Institute of 


rent for Eleectro-Chemical Processes ; 


American 
Direct Cur- 
while H. E. Longwell, 
Mem.Am.Soc.M.E., read a paper on The Power Problem in 
the Electrolytic Deposition of Metals. 

Mr. Addicks outlined, in the opening paper, the require- 
ments of the problem involved in electro-deposition work 
and showed the extent to which practice has developed in 
this line in large refining plants. The difficulties encountered 
are now, more than ever before, mechanical in nature; Mr. 
Addicks divided these into nine classes and discussed each 
in detail. 

Mr. Newbury, in the second paper, pointed out the diffi- 
culties involved in producing the low-voltage current used 
in electrolytic work in the quantities demanded in large 
plants. The various types of generating machinery for this 
purpose were discussed in detail and the limitations of each 
shown. Whereas the direct-current turbo-generator is avail- 
able in relatively small units only and the unipolar generator 
unsatisfactory, on account of commutation trouble, Mr. New- 
bury points to the alternating current turbo-generator and 
convertor unit as the most practicable, on account of being 
economical, reliable and flexible, and at the same time adapt- 
able to large units. He referred to the advantages of the 


combined alternating and direct current equipment also for 
use In Waterpower plants. 

Mr. Longwell, in the third paper, treated of the economies 
of the power prodnetion problem and diseussed the advisa- 
bility of refinements in equipment to secure greater econ- 
omy, Where the capital investment in the refinements might 
overweight the results obtained, He showed the advantages 


of steam power over the gas power plant of any type, a 


feature of which is the continuous requirement for steam 


this taken 
together with the presence of waste-heat boilers that are used 


to heat the electrolyte in the deposition tanks: 
in the reverberatory furnaces in some refining plants form 
Mr. Long- 


unit for 


a strong 
well 


cases, 


argument tor the use of steam power, 


favored the steam turbine generating most 


and showed where the use ot 


a complete expansion 


turbine is more desirable than a reciproeating engine and 


low-pressure turbine in combination, except in possibly 


favorable cases where reciprocating engine units are now in 
The turbine 


was «diseussed as a type of unit offering marked advantages 


use, with gear-driven direct-current generator 
for use in this particular field; this tvpe was shown to have 
ised long enough under varying conditions to have thor- 
oughly proven its reliability and efficiency. 
tone! 


The paper also 
ed briefly on plant installation and operating costs. 


PHILADELPHIA MEETING, JANUARY 17 


A joint meeting ot the Society with the Engineers Club 
of Pliladelphia was held in that city on January 17. A 
dinner at the club preceded the meeting, at which the local 


committee entertained the speake r of the evening, G. R. 


Henderson. 

Mr. Lienderson Recent De- 
elopment, illustrated with lantern slides, in which he showed 
that the 


read a paper on Locomotive 


changes of the last few 


years, consisting in the 
development of details, have been largely brought about by 
the necessity ot taking care of greater tractive efforts as 
well as providing for the inereased fuel consumption neces- 
sitated by the enlarged power of the locomotive. The steam 
reverse gear, the automatic stoker, the coal pusher, the 
power grate shaker, the pneumatic fire door, and numerous 
other developments had come into being in response to this 
demand. The use of oil has also enabled a larger quantity 
of steam to be generated with small physical effort on the 
part of the fireman, and the steam superheater has increased 
the volume of steam and incidentally the capacity of the 
boiler, so that now it is almost universally used on engines 
of high power. 


NECROLOGY 


HERMAN CHARLES MEINIIOLTZ 


Herman Charles Meinholtz was born February 7, 
1868, in St. Louis, Mo., and died in the same city on 
December 24, 1913. Mr. Meinholtz was edueated in 
the public schools of his native city and in 1883 en- 
tered the Manual Training School of Washington 
(niversity, graduating in 1886. After a short service 
in the University’s testing laboratory and later as 
timekeeper in the Shickle, Harrison and Howard Iron 
Works, he became an assistant draftsman for the 


Hleine Safety Boiler Company of St. Louis. The com- 
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pany Was then ng its boilers built by contract and 


young Meinholt: is Sent to Inspeet and accept the 


work. ILis keen observation. straightforwardness and 


courage Were manifest in this serviee and brought him 


vapid advance 


In 1892 he was hs chief draftsman and in 1895 
superintendent TS94 he was placed in charge of the 
company’s first s St. Louts wh he gradual 
improved and e) ged. In the meantime the Phoenix 
Ville shop was yd opr na hie ut this 
Cpportunity for ynparison when made viee-presiden 
in 1907, and wor uit a design fer a speeial Hein 
holler shop whic s built in 1909 at St. Louis an 
stands as a monument to ability in praetieal design 

Mr. Meinholt s of the Engineers Club 
ol St. Louis. Sp 141] do been a member of the 
Society's commit to Fo ite Standard Sp 
tions for the Cons ‘tion of Steam Bo s i ot 
Pressure Vessels al wood 

ears as desion IST? fixes his 
work in the 

Creorge Tngers s bo etn ¥ 

ovember 6, 1847 ny pub shoo 

iucation, | Se] ectady Locomotive 
Works as at } | 
vears, i position in t 
Central Railr les and 
Vears returned East to assist reconstruction of 
ait shops tl \ ) R ire sv) 

ise. Whe mpleted S compan 
transterred hin West A In 
soll was) appoint Sheriff of Sechenectad 
County, a posit illed for 
Until 1883 he was gaged in deliv ring engines at the 
‘henectads Loco Works nen is mad 
foreman of the comma ln 1899 he was appointed 
superimtendent of Scheneetadvy Water Works 


1] + 
Ingersoll then r 


position he held for ten vears. Mr. 


tired from activ ed it W oreeste N. y 
November 10, 191 
rx MORS 
kiverett nvehtor ot Thie Morse ehnain 
ror bieveles and transmission of power, was born June 


died November 


education in the publie 


28, 1857, at Ithaca, N. Y., and 
1913. He reeeived his early 
schools of Ithaca, and was graduated in the elass of 
From 


Iss4 from Sibley College, 


is8s4 to 1890 he worked on the design of an automatic 


Cornell | ‘niversits 


horse-drawn hay rake, perfected inventions in carriage 
He 
was inventor of the Morse thermo gage, an instrument 
had been 


springs, and also worked as solicitor of patents. 
Yor measuring the temper of steel, whieh 
adopted by the United States and German Bureaus of 
Standardization. Mr. Morse took a profound interest 


n public affairs and welfare, and was recently elected 
president of the Ithaea Hospital Assoviation, He was 
ilso a member of the building committee of the mew 


Ithaca City Hospital. 
LDGAR PES 


Penny, for many connected with the 


urs 

e machine and steam engine ind istry in’ Newburgh, 
work of the Alb 
{ompany, died in Auburn, N. Y.. November 14 
Hle was born in Port Jervis. N.Y. bruary 13 


Condenser 
1913 


IS45, 


as well as the 


ind came to Newbureh when a bev to learn the trade 


machinist in the Highland Iren Works Whe 
(vil War broke out he enlisted in the Un ted States 
Nay! and saw s rvice mm the SoU At the close o 
var he eontil d on thy Warship S 
Neer and Visited Japan, China and foreig 
rts After three vears he returned to N burgh to 
k p his work with the Whitehill Engine and Pictet 
\l Company Pema th thus 


> what for ‘ vVears | Was having j ‘ 
! hal engineer of 1 (oO ! ifia 

built an e om me mVvente 
\ Was KNOWN as thre OV thie | 

mn ISOS ned again to Newbu uy ! ormed 

Newburgh | Machine ( mipar 0 

an e first pres t \ S avo \ 

ite Louis R. Alberger bought out the X » 
Ma wand ky Company, known late \ 
Pump ondenser Coy ! i Porn 

S position as general manag of the old min 
Recently his duties had been lightened S 
nade consulting engineer of his compan 

IENRY SHOTS 

shotwell W ood. Olle OF the Toremos. corms ilt 

ng engineers on hydraulic dredging machinery in th 


untry, Was born in Philadelphia, Pa., December 18. 


1560.) Hle was a graduate of Swart! more College in 

vil engineering in the class of 1883, and until 1885 
acted as inspector of drawbridge machinery for the 
Pennsylvania Railroad. From 1887 to 1906 he was 
designer and inspector of a special ecoutractors’ plant 
for the San Francisco Bridge ( ompany, at the same 


time designing and building hydraulie dredges for the 


New York Dredging Company and the Atlantic, Gulf 


and Pacific Company. Among the largest dredges 
that he designed and built were the 23-inch suction 


22-inch 


20-inch 


Geo. W, 
Julia, 


Catt. 
and 


Manila and the 
Washington and the 
dredges, Florida, Port Royal, Texas City, Champlain 
and Fort Edward. 
agent of the North American Dredging Company of 


dredges, 


dredges, 


He was the engineer and eastern 


California. 
Mr. Wood was a member of the American Society of 
He died December 5, 1913% 


Civil Engineers. 
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COMPARATIVE TESTS OF THREE TYPES OF BEARINGS 


BY CARL C. THOMAS, BALTIMORE, MD. 


Member of the Society 


E. R. MAURER? AND L. E. 


A. KELSO, MADISON, WIS. 


Non-Members 


paper, here published in abstract, reports 

experiments made to determine the absolute and 
relative amounts of power required to drive a series 
of uniformly loaded and flexibly connected shafts 
supported successively by 20 ring-oiled babbitt bear- 
ings, then by 20 roller bearings, and finally by 20 ball 
bearings. A great range of loads and speeds was cov- 
ered, and coefficients of friction were worked out for 
each type of bearing. The apparatus was designed and 
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Fic. 1 Apparatus ror Testinc LinesHarT BEARINGS 


built in the department of steam and gas engineering 
at the University of Wisconsin, in collaboration with 
the manufacturers of the bearings, and was so ar- 
ranged that very exact measurements of power were 
attainable. All questions of possible lack of alignment, 
non-uniformity of loading, temperature and quality of 
lubricant, ete., were given careful study, resulting in 
the special form of apparatus used. The tests ex- 
tended over four years, and were finally repeated and 
all results checked by a set of skilled observers who 
had formerly had no connection with the work. 


DESCRIPTION OF APPARATUS 


The apparatus consists of 25 ft. 10 in. of lineshafting 
in five equal sections, mounted in hangers S which were 
inverted and used as floor stands, (see Fig. 1). The 
hangers were bolted to two 8-in. I-beams. The shafts 
are of cold rolled steel, 2 7/16 in. in diameter. Each sec- 


1 Professor of Mech. Engrg., Johns Hopkins University. 
2 Professor of Mechanics, University of Wisconsin. 
* Instructor in Elec. Engrg., University of Wisconsin. 


Presented at the Annual Meeting, 1913, of Tae American Socrety or Me- 
CHANICAL Enarneers. Pamphlet copies of the complete paper may be obtained: 
price, 15 cents to members, 30 cents to non-members. 


tion is 5 ft. 2 in. long; the adjacent sections were coup- 
led together by means of a flexible leather disk or two 
straps connecting the two flange couplings. The flexible 
couplings prevented transmitting any part of the load 
applied on one shaft to either adjoining section, and 
also prevented binding between shafts and bearings due 
to possible lack of alignment. 

A direct-current Fort Wayne motor is directly con- 
nected to one end of the shafting by means of a flexi- 


2) View sHowinc Metuop or Loapinc Bearines 


ble coupling. The motor is of the interpole type with 
the interpoles removed, making it a shunt motor. A 
water rheostat is used in the field cireuit to maintain a 
constant field, and another water rheostat is used in the 
armature circuit to vary the speed by varying the im- 
pressed voltage. The lost power was obtained first by 
taking the armature resistance for various currents and 
plotting a resistance, armature-current curve. From 
this curve was plotted an armature-J°R loss, armature- 
current curve. From this the armature resistance loss 
for any armature current was obtained. The stray- 
power loss was obtained by taking a stray-power Joss, 
field current curve for each speed. Then for any speed 
the loss for that speed and field could be obtained. By 
use of this method the power required to run the motor 
alone at all speeds, without load, was accurately ascer- 
tained, as well as the power required to run the motor 
and shafts together, at all loads and speeds. The rela- 
tive amounts of power required to overcome the fric- 
tion of the various types of bearings were therefore ac- 
curately determined. 
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Fic. 3) Type or Rinc-Oitep Bapsirr Bearinc IN ‘Tests 

The load was applied through levers upon hardened 
knife edges and pin points as fulerums. Across the top 
of the 8-in. I-beams and at right angles to them were 
bolted short 6-in. I-beams to which the fulerums were 
attached, Figs. 1 and 2. 

The loads were applied to the shaft by two bearings 
between each pair of hangers. These bearings are 
identical with those in the hangers, and are supplied 
with knife edges which engage a V-shaped groove in 
the 5-in. I-beam levers. The bearings and hangers for 
each section were symmetrically placed with respect to 
the middle of the section; therefore, equal loads on the 
intermediate bearings 7, produced equal pressures on 
the end bearings E. These latter pressures exceeded 
those on the intermediate bearings by one-half the 


Fic. 4 Type or Rotter BEARING USED IN TESTS 


COMPARATIVE TESTS OF THREE TYPES OF BEARINGS, THOMAS, MAURER AND KELSO 


weight of the shaft, or by 40 lb. This difference is re- 
garded as negligible in the paper, and load per bearing 
means average of the loads on intermediate and end 
bearings. The bearings were prevented from turning 
by short levers fastened to the bearings and resting 
upon uprights from the floor. Only one type of bearing 
was tested at a time, so that no complications might 
arise in establishing the losses for the particular bearing 
under test. The reason for using 20 bearings was that 
the amount of power necessary for a single bearing was 
so small as to be difficult of exact measurement. Also 
any single bearing might not as truly represent results 
from that type of bearing in general as several bear- 
ings taken together. 

The three kinds of bearings tested were: the ring- 
oiled bearing manufactured by The Dodge Manufac- 


Tyre or Batt BEARING UsED IN TESTS 


Fic. 5 


turing Company lined with babbitt metal made from 
their formula; the Hyatt roller bearing manufactured 
by the Hyatt Roller Bearing Company ; and the Hess- 
Bright ball bearing manufactured by the Hess-Bright 
Manufacturing Company. All bearings were for the 
same size shaft and in fact the same pieces of shafting 
were used for all the tests, except that two sections 
which bent during the tests were replaced. 

The babbitt bearings are 9 *'/,, in. long and hence 
their projected area is 22.36 sq. in. The following table 
is appended here for converting total loads used in the 
tests into unit loads: 


730 1230 1730 
33 55 78 


2230 Ib. per bearing 
100 Ib. per sq. in. 


These bearings were oiled by the well-known ring oiler 
device, two rings in each bearing. 
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Fic. 6 Bassitr Bearings. CURVES FOR 
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Various SPEEDS AND Loaps PER BEARING 
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Each roller bearing contains six right-hand and six 
left-hand rollers, 0.780 in. in diameter; six are 9 9/16 
in., and six are 9 3/16 in. long. The bearings are of 
the type in which a cage is used for holding one-half 
the rollers. Each ball bearing contains a single set of 
balls 9/16 in. in diameter. The diameter of the inner 
race through ball groove is 3.4729 in. The three types 
of bearing are shown in Figs. 3, 4 and 5. 

The power was measured by the ammeter voltmeter 
method. Mercury thermometers (two in each babbitt 


on 


pat 


ent of Bearina Fric 


Fic. 15 Bassirr Bearincs. Corrricient or FrRiction-SPEED 
Curves ror Various Loaps Per BEARING 


and roller bearing and one in each ball bearing) were 
used for measuring the temperature of the oil or bear- 
ing. 

The speeds used in the tests were between 150 and 
450 r.p.m., corresponding respectively to about 100 and 
300 ft. per minute peripheral speed. Most of the loads 
used were between 700 and 1800 lb. per bearing, cor 
responding respectively to about 30 and 80 lb. per sq. 
in. for the babbitt bearings. All statements of results 
therefore are subject to the above limitations as to 
speed and loads, the curves of certain of the figures, 
however, being extended. 

Two lubricants were used in all the tests: Atlantic 
Red Engine Oil in the babbitt and roller bearings, and 
No. 2 Keystone Grease in the ball bearings. 
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RESULTS OF TESTS 

Figs. 6, 7 and 8 exhibit the first or immediate re- 
sults of the tests and show how the power per bearing 
varied with the temperature at different loads and 
speeds. The solid lines represent continuous runs and 
the dotted lines results obtained by dropping either 
the load or the speed and continuing the run at the 
previously existing temperature. For all conditions 
of load and speed the power decreased with increase 
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of temperature, but the rate of decrease at the highest 
load and speed was not so marked as in the case of 
the babbitt bearings. At the lower speeds the power 
did not vary at all with the temperature, practically 
speaking. 

Figs. 9, 10 and 11 show the coefficient of friction- 
temperature curves for the three kinds of bearings re- 
spectively. The coefficient for roller and ball bearings 
was computed just as for babbitt bearings from the 
formula 

(watts per bearing) 531 


(load per bearing) 
where f is the coefficient, d the diameter of shaft in 
inches, and » is the number of revolutions per minute, 
1 watt being equal to 44.26 12 or 531 in-lb. per min. 
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Fig. 12 shows power-speed curves for the roller bear- 
ings at 77 deg. and 100 deg. temperature; Fig. 13 the 
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Fig. 18 CoMmPpaRISON OF POWERS CONSUMED BY FRICTION IN THE 
BassBitt, ROLLER AND Batu BeariNnGs, AT LOADS PER BEAR- 
ING AS INDICATED AND VARIOUS SPEEDS; TEMPERATURE OF 
BearinG, 100 Dec. Faur. 


same for babbitt bearings; and Fig. 14 for ball bear- 
ings. 


TABLE 1 RELATIVE AMOUNTS OF POWER CONSUMED IN 
FRICTION 
100 Ft. per Min. 300 Ft. per Min. 
Bearings — 
77 Deg. 100 Deg. 77 Deg. 100 Deg. 

1 1 1 1 
3 3.6 4.5 4 


Fig. 15 shows the coefficient of friction-speed curves 
for babbitt bearings; at 77 deg. and 100 deg. tempera- 
ture; Fig. 16 those for roller bearings; and Fig. 17 for 
ball bearings. 

Figs. 18 and 19 show a comparison of the babbitt, 
roller and ball bearings for 100 deg. and 77 deg. re- 
spectively. Each curve gives the power required per 
bearing of the kind indicated to run the shaft under 
the load and speed indicated. Both figures show that 


the power for the babbitt is higher than for the other 
bearings except perhaps at low loads and speed, and 
that the power for rollers is higher than for balls. The 
excess of power for babbitt over rollers and rollers over 
balls increases with increase of speed for all loads. 
Table 1 shows the relative amounts of power consumed 
in friction by the three kinds of bearings at the speeds 
and temperatures indicated; the relative numbers are 
based in each case on the average power for three loads : 
710, 1210, and 1710 lb. for balls; 740, 1240, and 1740 
for rollers; and 730, 1230, and 1730 for babbitt. 

Fig. 20 shows a comparison of rise of temperature 
for the three kinds of bearings. Curves A and B were 
obtained from simultaneous tests on 8 babbitt and 12 
roller bearings. The room conditions therefore as well 
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Fic. 19 Comparison oF POWERS CONSUMED BY FRICTION IN THE 
Bassitt, Rotter aNp Batt BEARINGS, AT LOADS PER BEaR- 
ING AS INDICATED AND VARIOUS SPEEDS; TEMPERATURE OF 
BearRinG, 77 Dea. Fanr. 


as load and speed were identical for both kinds of bear- 
ings. Curves C and D were obtained from simultan- 
eous tests on 12 roller and 8 ball bearings respectively. 


BREAKDOWN TESTS 


In order to observe the performance of the bearings 
under extraordinarily heavy loads, breakdown tests 
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were run on each type of bearing with only one section 
of shafting on which were four bearings. This small 
number of bearings was used because it was imprac-. 
ticable to keep close watch of a larger number of bear- 
ings and avoid trouble during the excessively severe 
conditions. The maximum load was 600 Ib. on the 
scales, or about 5000 lb. per bearing. 

The results are shown in Fig. 21. The speed of 200 
r.p.m. was chosen because it represents about the aver- 


age lineshaft speed in practice. These tests began at 
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Fie. 20) Rise in Temperature. Dirrerent Kinps or Bear- 
INGS UNDER PracTICALLy IDENTICAL CONDITIONS 


per Beorina.? 
per 


Fic. 21 Breakpown Tests, 200 R.P.M., 128 Fr. per Min. 


about 3200 lb. per bearing. Failure occurred at about 
250 lb. per bearing in the case of the babbitt, 4650 Ib. 
in the case of the ball bearings, and about 5100 Ib. in 
the case of the roller bearings. The quality and amount 
of lubricant used undoubtedly have an important effect 
upon the load that will cause a given bearing to fail. 
The bearings did not in any case “ fail’’ strue- 
turally, as the power was cut off soon after distress 


was manifested, but the failure was simply that of the 


lubricant. Breaking down of the lubricant results in 
an immediate increase of the power required to main- 
tain the original speed of rotation of the shaft in the 
bearings. In each case probably only one of the four 
bearings used in the breakdown tests showed distress 


at any one time. In the case of ball bearings, this was 
evident as distress was manifested by disintegration of 
the grease which **‘ melted ’’ and ran out of the bear- 
ing. This was accompanied by the immediate increase 
in power requirement, as shown in Fig. 21. The tem- 
peratures given (99 deg.-117 deg., ete.) indicate the 
averages for the four bearings being tested. Similar 
behavior on the part of the babbitt and the roller bear- 
ings indicated that at least one of the four under test 
was suffering from an approach to ‘‘ metal-to-metal *’ 
contact. The bearings were not injured by these en- 
durance tests, and all were used in subsequent tests 
at the more usual speeds and pressures. 


DISCUSSION 


E. H. Auara (written), This paper is of vital interest to 
every manutacturer, and will be a decided addition to our 
engineering literature on this most practical subject. It 
would be most desirable if our universities could be induced 
to take up and work out scientifically many of these prob- 
lems which are constantly confronting the manufacturers of 
the country who have neither the time, equipment nor staff 
to handle them except in a very limited way. 


In connection with this subject, I have been unable to 
find anywhere the ratio in heating value between the speed 
of rotation of a shaft, and pressure per square inch of pro- 
jected area. Many times a question of the limit of a bear- 
ing’s ability to carry a load at a high speed of rotation be- 
comes of much more importance than the exact efficiency of 
the bearing from a power standpoint. John Harper, Mem. 
Am.Soe.M.E., told me of a ease of this kind in which by 
exceeding the limits of all known authorities on some large 
babbitted bearings, he was enabled to save nearly a quarter 
of a million dollars in installation charges. 

I notice on the lower pressures, as given in the paper, 
there is but slight variation in power consumed between the 
three types of bearings. This would be the case in ordinary 
practice as the usual shaft transmission bearing of 2° /,, in. 
in diameter has less than 500 Ib. weight to support. 

A babbitted transmission bearing usually has the pres- 
sure applied to it in a downward direction or at an angle 
downward and and but 
They are, therefore, usually designed and 
oiled for a downward pull, and oil is fed from the top of 
the liner, as in the babbitted bearings under discussion. Jt 
will be noticed that the temperature of the middle bearings 
of the babbitted type in the university test heated much 
more rapidly than the end ones. 


sidewise (sometimes horizontal) 


rarely upward. 


This was undoubtedly 
caused by the pressure being upward against the cap of 
I have no 
doubt that in the breakdown test Professor Thomas found 


the bearings instead of downward on the liner. 


the first distress came in a center bearing, and that the aver- 
age rise in temperature of all the tests were markedly in- 
ereased by the center bearings where heavy pressures were 
used, 

In some tests made in 1907 by the writer at the plant of 
the Dodge Manufacturing Company, Mishawaka, Ind., the 
apparatus was arranged so that the pressure was downward 
on the test bearing, it being placed between two bearings 
which took the upward pressure and thus having but half 
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the load of the test bearing. The test was undertaken to 
determine the limit of power and speed at which these same 
babbitted bearings as spoken of in the paper under dis- 
cussion could be run before the film of oil would no longer 
stay between the babbitt and the shaft. After much pre- 
liminary work a speed of 2200 r.p.m. was settled on, giving 
a peripheral shaft travel of 1404 ft. per min., and the pres- 
sure was gradually increased until the practical limit of the 
oil was reached; the temperature was measured as in method 
No. 4 of the paper. None of the bearings were run to de- 
struction; the test at 2200 r.p.m. and a definite pressure 
being continued until there was no further rise in tempera- 
ture, when a higher pressure was taken. Different grades 
of babbitt were used to line the bearings, the oil in all cases 
being Atlantic red. 

Pure lead was tested up to 100 lb. per sq. in. of projected 
area with a temperature of 292 deg. fahr.; pure tin to 124 
lb. with a temperature of 276 deg. fahr.; genuine babbitt 
with a composition of copper four parts, tin 89 parts, an- 
timony seven parts, reached a pressure of 124 lb. with a 
temperature of 282 deg. fahr.; and a composition of copper 
two parts, tin 40 parts, antimony 14 parts and lead 44 parts, 
reached 144 lb. with a temperature of 290 deg. fahr. A 
composition of tin five parts, antimony 17 parts and lead 78 
parts, reached 83 Ib. with a temperature of 298 deg. fahr., 
and a composition of antimony 15 parts and lead 85 parts 
reached only 62 lb. with a temperature of 314 deg. fahr. 
At low pressure no appreciable difference was noticed in 
the heating values, but in the high pressures the tin-based 
babbitts with small copper contents were found much su- 
perior. In view of these tests I think it would be wise for 
Professor Thomas to have the babbitt metal of the babbitt 
bearings analyzed and referred to in the paper. 


WiiuiaM Kent regarded the paper as a most valuable 
contribution to the literature on friction, but would like to 
see it supplemented with results so illustrated that they 
would be more immediately available to engineers in de- 
signing. For example, referring to Table 1, the relative 
amounts of power consumed in friction, Mr. Kent would 
like to have seen that table extended to show what relation 
the amount of power consumed in friction was to the power 
transmitted. What designers would like to know are 
the limitations of load and speed for bearings of dif- 
ferent kinds, such as ball bearings, roller bearings, and bab- 
bitt bearings, with different kinds of lubricants; in other 
words, the results of this investigation should be put into con- 
venient form for designers. 


Setpy Haar, referring to the coefficient of friction as it 
changed with time of operation, asked whether Professor 
Thomas had any figures as to the coefficient of friction at the 
actual moment of starting. That was frequently quite an 
important thing to know in determining the torque of motors 
or other apparatus which drives a lineshaft and machinery 
connected to the shaft. He believed that the ratio of initial 
to final coefficient of friction was frequently much larger 
than was given by Professor Thomas. 


Tus Avuruor. Replying to Mr. Kent’s question, the 
curves in Figs. 9 to 19 give the relative and absolute 
amounts of power required by the various bearings, over the 
whole range of loads and speeds covered in the tests, and 
also coeflicients of friction under all conditions obtained in 
the tests. Table 1 is not intended to give more than a few 
figures, taken from the curve, so as to present a general idea 
of the relative power consumption of the three types of 
bearing. 

Mr. Haar’s question as to change of coefficient of friction 
with time after starting, and its value at starting, is an- 
swered, at least in part, by the curves in Figs. 22 to 25 
inclusive (shown only in the complete paper). 

Regarding Mr. Ahara’s question, as to the loading of the 
two center bearings on the cap instead of on the bottom of 
the bearing, the design of the babbitt bearings, with respect 
to lubrication, made it necessary to apply the load in the 
manner described. On each section of shaft, two bearings 
were thus loaded on the bottom and two on the cap. The 
extent of surface of babbitt was the same in the two cases, 
and the possible unequal distribution of the lubricant would 
seem to be the principal disadvantage involved. In the 
breakdown tests the two center bearings did heat more ex- 
tensively than did the end bearings, and very probably for 
the reason mentioned by Mr. Ahara, and referred to in the 
paper. In the breakdown tests the bearings were loaded 
probably to six times the normal working load for suc 
bearings. 

There is this to be said, that in practice lineshafts are 
likely to be loaded from various angles, and the conditions 
obtaining during the tests, as to direction of pressure, might 
be duplicated. The writers recognized, however, that from 
the standpoint of effective lubrication, especially during 
heavy loads, it would be preferable to carry all loads on the 
bottoms of the babbitt bearings. All three types of bear- 
ing were loaded in the same manner as was the case with 
babbitt bearings. The regularity of the curves obtained in 
the tests, and the results of a series of temperature in 
vestigations, in which the load per bearing was about 2500) 
lb., indicate that the lubrication of the bearings was quite 
satisfactory up to the extreme breakdown loads of from 
4000 to 5000 lb. per bearing, represented in Fig. 21. It will 
be noticed that the unit bearing pressures employed during 
the regular tests described were not unusually high, being 
between limits of about 30 and 100 lb. per sq. in. of pro- 
jected area, for the babbitt bearings. During tne break- 
down tests the loads at which the lubricant broke down, in 
the various types of bearing, varied from about 180 to 230 
lb. per sq. in., referred to the area of babbitted bearings. 
The temperatures attained are shown approximately in Fig. 
27. 

Analysis of the babbitt had not been made up to the time 
of writing this paper, but will be made and reported at a 
later date. It is planned to extend the work so as to in- 


clude other features of performance, including the question 
of ultimate time of endurance under the working conditions 
found in practice. 
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PITOT TUBES FOR GAS MEASUREMENT 
By W. C. Rowse, New York 
Member of the Society 
ABSTRACT OF PAPER’ 


A series of experiments has been made by the author 
at the laboratories of the University of Wisconsin to 
obtain information concerning the reliability of the 
pitot tube as a means of measuring gases and to deter- 
mine the accuracy of various forms of the instrument 
which are in common use. All tubes were compared 
with a Thomas electric gas meter which was taken as a 
standard of measurement. Since any variation in re- 


A mercury barometer, hung on the adjacent wall, gave 
the atmospheric pressure, and a manometer inclined 
at a 10 to 1 slope made it possible to determine accu- 
rately the static pressure in the pipe above atmosphere. 
The dry-bulb thermometer indicated the temperature 
of the air flowing in the pipe and together with the 
wet-bulb thermometer gave readings from which the 
humidity could be determined. 

The pitot tube is a well-known measuring instrument 
and needs only a brief description. It consists essen- 
tially of two parts: a dynamic tube pointing upstream 
which converts the sum of the pressure energy and the 
velocity energy into a head which may be measured; 
and a means of determining the pressure head (or 
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sults would be due to a wrong method of obtaining the 
static pressure, simultaneous readings were taken of 
velocity heads as shown by the pitot tube using the 
pitot static pressure and by the pitot dynamic tube and 
a piezometer. The pressure as obtained by the piezo- 
meter would not be affected by the form of tube used. 

The apparatus used in the experiments is shown 
diagrammatically in Fig. 1. A Sirocco fan driven by 
a direct-current shunt-wound motor forces air through 
the Thomas meter into a galvanized iron pipe 12 in. 
in diameter in which the pitot tube is inserted. Vari- 
able resistances were placed in series with both the 
field and the armature of the motor, making possible a 
wide variation in speed. Screens were inserted at the 
points shown in order to break up eddies and whirls 
and to have the air flow as nearly parallel as possible 
at the point where the pitot readings were taken. 

The experimenter was stationed directly under the 
pitot tube and all readings were taken at this point. 

1 Published in complete form in the September 1913 issue of The Journal of 
Tue American Socrery or MecuanicaL Enorneers, and presented at the 


annual meeting, December 1913. Pamphlet copies may be obtained: price, 
20 cents to members and 35 cents to non-members. 


static pressure) alone. The difference between the 
dynamic head and the static pressure head is the ve- 
locity head h in the fundamental formula for the flow 
of fluids 

v=V2gh 

It has been satisfactorily proved and accepted that 
the dynamic tube of a pitot tube gives the correct 
pressure if the tube points parallel to the current. But 
it is a very difficult matter to obtain the correct static 
pressure on account of secondary velocity effects. 
Therefore the study of the accuracy of the pitot tube 
resolves itself into a study of the correct method of 
obtaining the static pressure at the given cross-section 
where the tube is inserted. 

Each pitot tube tested had as a part of the tube a 
means of determining the static pressure, and readings 
of the velocity head were obtained by using this pitot 
tube static pressure. Simultaneous readings of the 
velocity head were obtained by using a piezometer 
ring for the static pressure together with the dynamic 
tube of the pitot tube under test. This is further illus- 
trated by reference to Fig. 1. Manometer B gives the 
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3 velocity head by using the piezometer static pressure, additional means of comparison independent of the 
and manometer C gives the velocity head by using the Thomas meter. 
en . pitot tube static pressure. In both cases the same The piezometer is shown in Fig. 1 and Fig. 3, and is 
| 
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ae dynamic tube pressure is used. This piezometer, even simply an absolutely air-tight annular space about the 
- if it were possible to be in error, would always indi- pipe, connected with the interior of the pipe by six 
" 4 eate the same pressure under the same conditions irre- small holes 0.04 in. in diameter. 
3 p 
i ae spective of the tube under test and thus it afforded an A large number of readings was taken across two 
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diameters of the pipe. The total area of the pipe was 
divided into five concentric annular areas and four 
readings of the velocity head were obtained in each 
test at the center of each annular area, thus giving 20 
readings from which the mean velocity head could be 
calculated. Since the velocity varies as the square root 
of the velocity head it was necessary to average the 
square roots of each of the 20 readings, and the square 
of this average represented the mean velocity head. 

As to the limits of accuracy, the accuracy of the 
measuring instruments used is much greater than can 
be expected from the pitot tube as a means of measur- 
ing gases, due to the uncontrollable variation in the 
air flow. The considerations which may prevent even 
an absolutely correct pitot tube from giving true re- 
sults are as follows: 

a The air flows through the pipe in a wave or spiral 
motion and at no time is the velocity uniformly 
distributed across the pipe, being greater in one 
quarter than in the other three quarters; the quar- 
ter of highest velocities may or may not be on the 
diameters where pitot tube readings are being 
taken. 

b The velocities on the diameters where pitot tube 
readings are being taken may be constantly vary- 
ing during the period of time necessary to obtain 
the readings; thus the average of all readings may 
be slightly too large or too small. 

c The air flow can only approach, never reach, the 
ideal conditions of parallel flow, and the pitot tube 
is correct, theoretically, only when the tube is ex- 
actly parallel to the current of air. 

From these considerations, together with the author’s 
experience in this line of work, it is estimated that the 
results obtained in measuring gases by an absolutely 
correct pitot tube may vary 1 per cent, more or less, 
from the correct results. Of course, the average of a 
_ large number of tests should be more nearly correct 
than this, for the plus errors will probably neutralize 
the minus errors. 

From a study of the summary of the tests, the fol- 
lowing general results and conclusions may be stated: 
a The pitot tube as a means of measuring gases is re- 

liable within approximately 1 per cent when the 
static pressure is correctly obtained and when all 
readings are taken with a sufficient degree of re- 
finement; in order to obtain this degree of aceu- 
racy the pitot tube should be preceded by a length 
of pipe 20 to 38 times the pipe diameter in order 
to make the flow of gas as nearly uniform across 
the section of the pipe as possible. 

b All the methods of obtaining the dynamic head used 
in these experiments, including the Stauscheibe, 
give accurate results. 

c The most reliable and accurate means of obtaining 
the static pressure is the piezometer or its equiva- 
lent, the results of 138 separate tests using the 
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piezometer static pressure agreeing with the 
Thomas meter within an average of 0.33 per cent; 
these results show beyond any doubt that the 
static pressure is constant across any section of a 
pipe in which gas is flowing at a uniform rate. 

d Of the methods of obtaining the static pressure by 
the pitot tube itself, the most reliable and accu- 
rate is by means of a very small hole in a perfectly 
smooth surface, as in pitot tube Y. 

€ The long slots for obtaining the static pressure are 
not reliable and give results which are in error 
from 3.5 to 10 per cent. The length of the slots 
or the thickness of the outer tube do not appear 
to affect the accuracy of the tube. 

f The beveled tube for obtaining the static pressure 
as used in pitot tubes A and ZL is not reliable. A 
very slight change in the angle of bevel produces 
an appreciable change in the result. In taking a 
traverse of a pipe the sides of the pipe affect the 
readings. But the greatest error is produced by 
the uncertainty as to whether the tube is pointing 
directly upstream. The effect of allowing the tube 
to point at an angle of 20 deg. off the direction of 
flow is to introduce an error of 85 per cent in the 
velocity head. 

g The Stauscheibe gives accurate results using either 
the static reading from the Stauscheibe and the 
special formula for it; or by using the piezometer 
static with the usual formula for the pitot tubes. 
In the first case the agreement is within 1.4 per 
cent and in the second within 0.16 per cent. 

h It appears that an approximate relation exists be- 
tween the mean velocity head of a gas flowing 
through the pipe and the velocity head found by 
plating the tube at the center of the pipe. Fora 
12-in. galvanized iron pipe results within 2 per 
cent may be expected from using the formula 


v= (2g) (0.80) h, 
where 
v = velocity in ft. per second. 
g == 32.2 ft. per second per second. 
h.= velocity head at the center of pipe in feet of gas 
flowing. 


DISCUSSION 


D. S. Jaconus asked the author whether or not he had 
determined what happened at the first ordinary point of 
critical velocity, and whether he had carried the velocity 
high enough in his experiments to show whether there was 
a second critical velocity. Apparently, in the use of some 
steam flow meters there were some peculiar actions when 
the velocities got up to a very high figure, and there was in- 
dication of the possibility of a second critical point. 


W. H. Carrier (written). The paper throws light on a 
source of possible error in the readings of the pitot tube 
which has been troubling me for some time. Mr. Rowse 
shows that the impact pressure is not appreciably changed 
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by an angular deflection of the pitot tube of as much as 15 
deg. in either direction. This means that where there is a 
swirl or turbulence in the air so that the direction of tlow 
at the point of measurement is not parallel to the air duct, 
that is, normal to the plane of measurement, that there may 
be a considerable error introduced, since the pitot tube will 
indicate the relative velocity of swirl in addition to the 
effectual velocity of flow parallel to the pitot tube. It is 
also very dificult to get accurately the rapid drop in veloc- 
ity occurring near the surface of the air pipe or conduit. 
For these reasons, it will often be found in practical in- 
stallations that even with a very careful use of the pitot 
tube, apparent air quantities will be obtained which are 5 
per cent or more higher than the actual. 

Of course in a laboratory or shop test, as conducted by 
Mr. Rowse, where comparatively long straight piping is 
used and special means are taken to insure substantially 
parallel flow, as well as uniformity of velocity, the results 
given by the pitot tube will be exceedingly accurate, as his 
tests indicate. In practical fan installations, however, it is 
usually impossible to obtain anywhere near such favorable 


conditions for aceuracy of measurement. In about nine cases 
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cut of ten it is necessary to take the measurements either 
at, or close to, the fan outlet, where there is a great deal of 
turbulence in flow, as well as a great variation in velocity. 
In all such cases too great a reliance should not be placed 
upon the aceuracy of the pitot tube. 

On account of this inherent source of error in the form of 
pitot tube advocated by Mr. Rowse, it should be adopted as 
a standard instrument only until some more reliable and per- 
fect form is devised. Such an improved form of pitot tube 
should give an impact or differential reading which would 
vary properly with the angle of deflection of the pitot tube 
with respect to the direction of velocity; that is, for the 
aceurate integration of effectual velocity in turbulent flow, 
the effectual velocity pressure should correspond substan- 
tially to the following formula at various angles of velocity 
direction 

Pe = COS'a 
where P. — the effectual velocity pressure indicated by the 
differential gage and pitot tube 
P’ = the actual velocity of the air at some angle to the tube 
a = the angle of deflection of the pitot tube with respect 
to the actual direction of the air velocity 

It would seem quite possible that with some experimenta- 
tion such a reliable form of pitot tube could be produced. 
This could be accomplished in either one of two possible 
ways: 

« By constructing the impact member so that it will be sen- 
sitive to the change of angle in any direction, as shown 
in Fig. 8. 

b By constructing the statie member so that it will increase 
the statie pressure with any change of angle suffi- 


cient to compensate for the error in the impact mem- 
ber. 
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Kart Nipecker asked the author if he had found a erit- 
ical velocity at which the pitot tube ceased to be accurate. 
Recently in some work with turbo blowers where the machine 
was working at high pressure, the only means of discharge 
for the air was a comparatively small pipe. The velocity in 
this pipe, where it was necessary to measure the air, exceed- 
ed, by a considerable amount, any velocity that had been at- 
tained before within the speaker's experience and which had 
been measured with the pitot tube. It occurred to him, that 
very probably there was a point where the velocity was such 
that the pitot tube could no longer be considered an accu- 
rate means of measurement, although it has been found to 
be accurate for low velocities. In the case in question, the 
pressure was also much higher than ordinarily obtained in 
pipes supplied by simple fans. The pressure in the line to be 
measured was about 30 lb. per sq. in. and the velocity was 
in the neighborhood of from 1000 to 1200 ft. per see. 


C. C. Tuomas (written). Referring to c under Limits 
of Accuracy, I understand that this refers to the static 
pressure only, and that the curves in Fig. 16 (of the com- 
plete paper) indicate that the statie pressure is 
over the cross-section of the pipe. 


constant 
If the statie pressure is 
measured by use of the piezometer ring, it appears that the 
dynamic tube may point at quite an angle with the direction 
of flow without seriously affecting the reading of velocity 
head. In this connection, it would seem that f under Re- 
sults, should have the words “ due to incorrect static read- 
ings” added to the last sentence in the paragraph. 


Leo Lors (written). The paper has served to clear up 
many of the problems connected with the measurement of 
gases with pitot tubes, but the conclusions reached in re- 
gard to the reliability of certain forms of pitot tubes should 
not seriously question previous tests involving measure- 
ments of the flow of air when properly using these forms 
of tubes. 


In the early comparative tests between the Thomas and 
venturi meters and the Taylor pitot tube, C. C. Thomas 
reports in a paper' that for air velocities between 1500 
and 3000 ft. per min., “ the pitot, venturi and electric meters 
will all give accurate and reliable results when properly 
used under favorable conditions and when observations are 
taken with a suflicient degree of refinement in method. 

. . The close agreement of the results obtained in 
the measurement of a common quantity by these three fun- 
damental and independent methods of measurements, with 
independent observations taken for each, forris, from a 
scientific standpoint, a very interesting proof of the cor- 
reetness of the several theories involved.” The pitot tube 
used by Professor Thomas is almost the same as Mr. 
Rowse’s type X, the slots being respectively 3/64 in. and 
1/16 in. wide and in both cases 2 in. long. The general ar- 
rangement for test was the same and the fans differed in 
capacity by the ratio 4:3. It appears strange therefore, 
that while Mr. Rowse calls attention to an average of 9.87 
per cent variation between the electric meter and type X 
tube, he does not attempt to reconcile such results with re- 
ports from the same laboratory of an average variation of 
0.38 per cent between the two meters. 


1 The Measurements of Gases, Journal of the Franklin Institute, November 
1911, p. 411. 
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PITOT TUBES FOR GAS 

The Taylor tube with slots 1/16 in. wide and 2'5 in. long 
was used in the measurement of air delivered through a 
12)5-in. duct to an air heater tested at the United States 
Naval Engineering Experiment Station in May 1912, Ex- 
cept for the radiation losses, which were determined by a 
separate test, the apparatus also formed air meter of 
the heater type in which steam was the heating medium. 
While the object of the test 


transter of the apparatus, the results furnish a 


an 
was to investigate the heat 
sufficient 
check on the accuracy of the air measurements to be pre- 


sented in this connection. All tests were of 530 minutes 
duration with observations every 5 minutes. 
1 Test number ... I Il Ill I\ 
2 Barometer, in. of mercury. 30 42 30.38 30.49 30.42 
3. Static air pressure, in. of water. 0.64 1.91 2.62 3 91 
4 Absolute air pressure, lb. persq.in. 15 05 15.07 15.14 15 16 
5 Room temperature, deg. fahr.. 71.3 64.3 67.0 58 2 
6 Air entering heater, deg. fahr. . .. 37.9 35 9 38.2 39.1 
7 Air eaving heater, deg. fahr 144.5 130.0 128 9 123.8 
8 Relaltive humidity entering air.... 79.9 74.0 66.1 65.1 
9 Weight of moist air, lb. percu.ft.. 0 08098 0 08148 0.08151 0 08142 
10 Mean specific heat of air, B.t.u., 
per Ib 02477 0.2457 O 2454 0.2452 
Steam pressure, lb. gage 96.5 06.6 96.5 96.1 
2 Steam quality, per cent 0.9879 0.9918 0.9957 19 
(superheat) 
13. Average air velocity by pitot tube, 
ft. per min 956 1677 1992 2420 
14. Lb. of air per min 66 00 116.43 138.00 168.94 
15 Steam condensed per min., |b. 2 050 3.092 3.517 4.058 
16 Heat yielded by steam, B.t.u., per 
min 1792 2710 3091 3591 
17 Heat absorbed by air, B.t.u., per 
min 1748 2691 3072 3508 
18 Heater efficiency 0.976 0.993 0.994 0.977 


19 Radiation and losses, B.t.u., per 
min. computed from radiation 
‘ 7 7 6 9 


0. 980 0. 996 0 996 0.480 
The above are only four of a series of 20 tests, all of 
which verified the results that the tube coefficient varied 
from 0.98 to 1.00. The average velocity was obtained by 


a traverse on two diameters using 22 points for observations 
on each diameter. 
A form ot 


considerable success is shown in Fig. 9. It 


inclined manometer which has been used with 
consists of a 
U-tube secured in such a way as to permit the two legs to 
remain always in the same vertical plane at the same time 
The scale 
This 
manometer uses as a fluid a mineral oil of density 0.825 and 
forms its own leveling device, since there is visible both a 
distinet and horizontal The horizontal 
meniscus of the two tubes is leveled to the same horizontal 
line on the cross-section paper by swivelling the backing 
board, and readings are taken on the horizontal scale. The 
net reading multiplied by the inclination and the oil den- 
sity is the true head. 


allowing them to take any desired inclination. 
is a carefully selected sheet of cross-section paper. 


vertical meniscus. 


The seale multipliers are 0.2, 0.5 and 
1.0, which with a 12-in. tube cover the entire range of pres- 
sures encountered with foreed draft blowers. 

There seems to be.a difference of nearly 2 per cent on 
the average between results with tubes H and Y although 
the dimensioned sketches show almost identical proportions, 
differing only slightly in overall length and lead connections 
at shank. 

There are cases where the Thomas meter could not be 
used on account of its introducing resistances against which 
the fan would not operate in practice. An alternate method 
of measuring the discharge would be a simple outlet nozzle 
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traversed with an impact tube at sufficient points to give an 
regretted that Mr. 
Rowse did not combine with his experiments a traverse of 


average velocity. It is therefore to be 


the pipe outlet to determine how completely the static pres 


sure was converted into velocity head, 


F. R. 


builder ot 


(written). The 
fans and 


writer, as a designer and 
the 
30 years, has devel- 


blowers and deeply interested in 
subject of air measurement for nearly 
oped a number of instruments for the purpose, but finally 
settled on the one designated as pitot tube Y in Mr. Rowse’s 
ditferent 
ways, such as whirling it on a shatt and correcting for the 


paper. This tube has been calibrated in many 


Fic. 9 


INCLINED MANOMETER 


centrifugal force, by through a tube 
leading out from a gas holder, and in a pipe in which the 
flow was simultaneously measured by the Thomas meter. 


These various comparative tests showed this tube to be less 


measuring the flow 


The larger the 
pipe, the less will be the variation from the actual velocity, 
as the friction along the walls of the pipe is proportionately 


than 1 per cent below the actual velocity. 


less in a large pipe than in a small one. 

The particular advantage of the pitot tube is that it is 
more accurate than any other portable instrument avail- 
able; in fact, there is no other form of device, either port- 
able or stationary, for measuring accurately large or small 
volumes at high or low velocities in large or small pipes, 
which at the same time determines the static pressure or re- 
sistance to the flow. The latter is quite as essential to tne 
determination of the work performed as is the determina- 
tion of the velocity or volume. 

The accuracy of the results obtained is largely a meas- 
ure of the care exercised in the preparation for, and the 
taking of the readings. The author is correct when he says 
that the further the readings are taken from the fan the 
longer will be the spiral or wave of the air as it passes 
through the pipe. When it is necessary to take readings 
close to the fan, the cross-section of the pipe should be 
divided into more and smaller zones so as to get a better 
average. 

The author states further that since the velocity varies 
as the square root of the velocity head, it was necessary to 


average the square roots of each of the 20 readings, and 
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the square of this average represented the mean velocity 
head. This is unnecessary if the cross-section of the pipe is 
divided into numerous zones of equal area; doing this at first 
simplifies very much the later computations. For instance, 
if each zone is of equal area and reasonably small, the aver- 
age result must be the average velocity of all these areas. 
But if the pipe is divided into equal divisions but of unequal 
areas, then the average of the pressure readings will not give 
the correct average velocity. 

It is indeed very gratifying to note the attention air 
measurement is receiving of late and the efforts being made 
to arrive at some standard method of procedure, as well 
as the design of some simple, standard, portable instru- 
ment for such purpose. The thoroughness of Mr. Rowse’s 
investigations and comparisons should establish definitely 
the best form of pitot tube for accurate results, and not 
only settle the ever recurring question as to the accuracy of 
any type, but also settle once and for all the relative ac- 
euracy of the different types, which latter has never here- 
tofore been thoroughly established in the minds of but few 
engineers. 


PITOT TUBES FOR GAS MEASUREMENT, W. 


Fic. 10 Tuse appiiep To CircuLtar 


G. F. Gepuarpt (written). The pitot tube with beveled- 
end static opening originated, the writer believes, in the 
laboratories of the Armour Institute of Technology. At 
least no information pertaining to this style of tube was 
available when the first experiments were made in the year 
1904. The sole object of beveling the end of the static 
tube is to permit of a compact, portable construction which 
may be readily introduced into a conduit through a single 
small opening. The application of a commercial design of 
this tube to a cireular conduit is shown in Fig. 10. 

Mr. Rowse’s conclusions that the beveled-end static open- 
ing is not reliable, is true only where extreme accuracy is 
desired. According to his own experiments the average 
departure of the beveled-end pitot tube from that of the 
pitot tube with piezometer static, which he considers reli- 
able, is less than 0.7 per cent for full gate and a trifle above 
0.6 per cent for half gate opening (Table 14 of complete 
paper). The maximum departure is 1.6 per cent for full 
gate and 1.3 per cent for half gate opening. The average 
departure from the Thomas meter readings is 1.8 per cent 
for full gate and 1 per cent for half gate opening. Tests 
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conducted by Mr. Kneeland' with tubes furnished by the 
writer gave results agreeing within 1.5 per cent of volu- 
metrie determinations for all velocities up to 8000 ft. per 
min. Numerous experiments made in the laboratories of 
the Armour Institute of Technology on 100 or more tubes 
with beveled-end static openings gave results agreeing 
within 2 per cent of holder displacements. For most prac- 
tical considerations this error is well within the accuracy 
of other factors involved in determining the flow of gases. 


Mr. Rowse is to be congratulated upon the thoroughness 
of his investigations and for having grouped in a conven- 
ient form the relative defects of the various types of pitot 
tubes commonly employed in measuring the flow of gas in 
closed conduits. 


C. P. Crissey (written). Engineers interested in the 
measurement of air and other gases will find much of value 
in the Rules for Testing Blowers and Compressors ap- 
proved by the Verein deutscher Ingenieure in 1912, and 
published in a pamphlet entitled Regeln fiir Leistungsver- 
suche an Ventilatoren und Kompressoren. Among other 


a-b 


Fig. 11 Pranpt.’s TuBe SpHericaL END 


things, these rules recommend a tube known as Prandtl’s 
pitot tube. From Fig. 11 it will be seen that this form of 
tube has a hemispherical head, and a slot extending around 
the entire periphery. It is stated that a deviation of 15 
deg. from the direction of flow has no effect upon the 
velocity readings, but the static pressure reading is lowered 
if the deviation is more than a few degrees. Possibly ex- 
periments with such a tube will show it has no advantage 
over some of the tubes so carefully tested and reported upon 
in this paper, but before a standard tube is adopted it 
would seem well worth while to investigate the merits of 
Prandtl’s pitot tube. 


A. G. Curistie (written). Mr. Rowse found that several 
tubes which had heretofore been regarded as suitable for 
this work, gave results considerably in error. The care 
that he took to break up wave action in his test pipe and 
his comments on this phenomena would indicate that con- 
siderable discretion must be exercised in the use of pitot 


1 Trans., Am. Soc. M. E., vol. 33, p. 1155. 
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PITOT TUBES FOR GAS MEASUREMENT, W. C. 


tubes for the measurement of air or gases discharged by 
fans or compressors. 

In Europe the method generally used for measuring fan 
or compressor capacity is to discharge through orifices with 
well rounded mouths. However, there exists a considerable 
difference of opinion among English and Continental engi- 
neers as to the forms of these orifices, their finish and the dis- 
charge factors to be applied to them, in spite of the fact that 
a committee of the Verein deutscher Ingenieure have pub- 
lished a set of rules for power tests on fans and compressors. 

In America many different methods are employed in 
testing fans and compressors, and up to the present time 
there have been no recognized standard methods or stand- 
ard test apparatus. Engineers in both Europe and Amer- 
ica employ several different expressions for defining effi- 
ciency with as many ways of calculating them. Hence, re- 
ports of compressor tests are of little use unless the method 
of calculating them is also available for inspection. 
urgent need of a clear, comprehensive 
statement of means, methods and apparatus to be used in 
such tests together with an elaborated definition of the ex- 
pressions of efliciency. 


There is an 


THe Avutuor. Dr. Jacobus and Mr. Nibecker have asked 
questions regarding a critical velocity at which the pitot 
tube ceases to give accurate readings. No such critical 
velocity was observed in these tests, the highest velocity 
reached being about 4500 ft. per min., which was the limit 
of the apparatus. Tests are now being conducted at the Uni- 
versity of Wisconsin with higher velocities and smaller pipes 
which may provide further information on the subject. 

Mr. Carrier’s remarks regarding the practical difficulties 
in accurately measuring fan discharges are very interesting 
and illustrate the care which must be observed in order to 
obtain even approximately correct results. Of course, the 
experiments reported in the paper were conducted under 
laboratory conditions in order to compare the accuracy of 
various forms of tubes. The accurate measurement of gases 
under practical conditions has its own peculiar difficulties, 
but it is at least something to know that the pitot tube used 
would give correct results if the conditions were ideal. It 
is then the engineer's problem to take his readings at such 
a point and in such a manner as he thinks will give best 
results. 

Mr. Loeb has noted that there is a variation of almost 
2 per cent between results obtained by tubes H and Y, 
although the tubes are almost identical, which probably 
represents the possible error of the pitot tube as a means 
of measuring gases. It would be well to state here that 
several other tubes of this type have been tested at various 
times at the University of Wisconsin, using this same ap- 
paratus, and in every case the agreement between the pitot 
tubes and the Thomas meter has been so close as to leave in 
the author’s mind no doubt as to the accuracy of this type of 
tube. 


A close study of the tests reported by Prof. C. C. Thomas 
in the Journal of Franklin Institute, to which Mr. Loeb has 
referred, will show that the pitot tube used in those tests 
had small holes in addition to slots; that insufficient pre- 
cautions were taken to produce parallel flow at the pitot 
tube; and, most important, that readings were taken on on 
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radius only. The readings thus obtained gave the average 
velocity for only one-quarter of the pipe cross-section, 
which in this ease gave results agreeing closely with the 
Thomas meter. If readings had been taken across two 
diameters the agreement might not have been so close. Of 
course it might be possible to make a pitot tube with slots 
for obtaining the static pressure which would give correct 
results, although one could not be sure of this fact unless 
the tube were calibrated. 

In answer to Mr. Still’s statement that it is unnecessary 
to average the square roots of the observed velocity heads, 
when the readings are taken at the centers of equal areas, 
the following mathematical proof is offered: 

Let the cross section of the pipe be divided into five equal 
annular areas, A,, A,, A,, A, and A, 

Let the velocity heads at the centers of these annular areas 
be h,, h., h and 

Let the velocities at the centers of these annular areas be 
VY, ¥, and V, 

V, = KVh,; V, = KVAh,; ete. 

total discharge = A,V,+A,V,+A,V,+A,V,+A,V, 
or 


total discharge = 54 


or 

total discharge = (total area) (K) 

+ Vhyt Vh,) 

A large number of trials from actual tests showed that 
averaging the velocity heads themselves instead of the square 
roots gave results from 4% per cent to 1% per cent too 
high, the error increasing with the variation between the 
highest and lowest readings observed. 

Professor Gebhardt’s remarks concerning the pitot tube 
having a beveled tube to obtain the statie pressure should cer- 
tainly be taken into consideration in determining the merits 
of that type of tube. 

Professor Thomas has pointed out a result of these tests 
which the author neglected to emphasize, namely, that for 
all engineering purposes, the static pressure is constant 
across the cross-section of the pipe. 

Several suggestions have been made as to further experi- 
ments with pitot tubes for the measurement of gases which 
may be summarized as follows: 

a Tests with low pressures and high velocities. (Such tests 
are now being conducted at the University of Wiscon- 
sin.) 

b Tests at high pressures and both high and low velocities 

c Tests to determine the existence of critical velocities. 

d Traverses at pipe opening. 

e Tests using various sizes and shapes of pipes. 

f Experiments to determine a practical substitute for a 
piezometer, as the piezometer used by the author would 
be difficult to apply in many cases. 

g Experiments using other forms of the pitot tube, such as 
the Prandtl tube mentioned by Mr. Crissey. 

In conclusion the author wishes to second heartily Pro- 
fessor Christie’s motion that, just as soon as engineers feel 
that there is sufficient data at hand, a standard pitot tube for 
fan tests should be specified and standard procedure and 
rules for fan tests adopted by the Society. 


(total area) (K) 
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GEARS FOR MACHINE-TOOL DRIVES 


By Joun Parker, Provivence, R. I. 
Member of the Society 
ABSTRACT OF PAPER‘ 


There are well established gear conditions common 
to the majority of machine tools which, if noted, may 
prove somewhat of a guide in selecting the proper 
material for gears. These may be classified as follows: 
a Gears always in mesh; material to be cast iron, 

machinery steel or machinery steel case-hard- 
ened, according to speeds and duty. 

b Gears in sets that are removable and interchange- 
able, such as change gears for thread cutting, 
indexing, feed or speed changes, ete.; material, 
cast iron. 

c Gears in sets that are non-removable and partially 
interchangeable, used as quick-change feed 
gears with changes made when in motion; or 
as quick-change speed gears with changes made 
when at rest but subjected to high speeds and 
heavy duty. Material, machinery steel case- 
hardened. 

d Gears in use part of the time only and engaged or 
disengaged when the machine is stopped. Ma- 
terial, hard, close-grained cast iron. 

The Objections to Cast Iron. The objections to cast 
iron for gears cover both wear and breakage. If the 
speed is excessive, say above 500 ft. per minute, they 
are likely to wear quite rapidly; and on slow speeds 
and heavy pressure breakage will occur, unless they 
can be made of adequate size, as in the case of back 
gears so located in the machine that it is possible to 
employ large diameters, coarse pitches, and wide 
faces. 

The Safe Tooth Pressure for Cast-Iron Gears. The 
question of tooth pressures in cast-iron gears is some- 
what problematical. The Brown & Sharpe Manufac- 
turing Company have in successful operation a gear 
in the spindle drive of their largest milling machine 
made from a hard, close-grained cast iron having a 
tensile strength of 23,000 lb. per sq. in., which when 
running at the slowest speed sustains a pressure on 
the teeth of 8250 Ib. It is calculated that two teeth 
are always in contact, which gives 4125 lb. pressure 
per tooth. The area in cross-section of each tooth is 


1 Published in complete form in the November 1913 issue of The Journal of 
Tue American Society oF MecHaNnicaL ENGINEERS, and presented at the 
Annual Meeting, December 1913. Pamphlet copies may be obtained: price, 5 
cents to members and 10 cents to non-members. 
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114 sq. in., equaling 3300 lb. per sq. in.; when the gear 
runs at the fastest speed the pressure is about 1000 |b. 
per sq. in. It is not known whether the pressure could 
be increased to any considerable extent, but it has been 
overloaded to at least 380 per cent without injuring it; 
this was when testing out the machine and the overload 
was of short duration. It might be said that this gear 
is not subjected to any sudden shock; if it were, the 
allowable tooth pressure would be considerably less. 

The Grades of Steel that have given Best Results 
and how They have been treated. For gears that are 
of small proportions and yet are subjected to heavy 
duty, it has been found that in cases where the more 
common steels have failed, excellent results have been 
obtained from using a 5 per cent nickel steel. This 
steel casehardens with a very hard surface and still 
has a strong and tough core, making it an ideal steel 
to use where the pressure is heavy or the gear is sub- 
jected to shock. Experience shows that drop forgings 
are more uniform in texture than bar stock. This 
grade of steel is given an oil treatment and is also 
annealed before machining; the oil treatment is as 
follows: heat to 1550 deg. fahr. and quench in oil. To 
anneal, reheat to 1350 deg. fahr. and cool very slowly. 
It is then ready to machine. 

After machining, it is carbonized as follows: pack 
in any good carbonizing material and cover very care- 
fully to exclude air, place in furnace and heat to 1700 
deg. fahr., and hold long enough to get the desired 
depth of casing. Care should be taken to have it 
heated entirely through. Ordinarily three to four 
hours will suffice for this process. Then take out of 
furnace and cool off in the boxes; remove from the 
boxes and place in furnace or bath; reheat to 1550 deg. 
fahr. and quench in oil. Again reheat to about 1380 
deg. fahr. and quench in oil or water according to the 
size and shape of gear. If the gear is of generous 
dimensions and free from sharp corners, water is pref- 
erably used. Small slender gears are quenched in oil, 
on account of the liability of cracking if water is used. 
For ordinary gears the scleroscope test should show 
80 to 85 points of hardness. If the gears are used as 
clash gears they should be drawn to 475 deg. fahr., or 
about 70 to 75 points of hardness, by scleroscope test, 
to avoid chipping. 

Degree of Hardness Advisable for Steel Gears before 
Machining Them. The various kinds of steels used for 
gears are of such a nature that they do not call for 
treating before machining, but where extra toughness 
in shafts is required to withstand torsion and bending 
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strains, 342 per cent nickel steel is very satisfactory. 
This grade of steel is rough machined, then heat 
treated, as follows: place in open furnace or bath, 
heat to 1500 deg. fahr., and quench in oil. It is ad- 
visable to experiment with a small quantity in each 
batch before subjecting a whole lot to the drawing out 
heat, which should commence at about 700 deg. fahr. 
If the scleroscope registers between 50 and 58, the 
correct hardness has been obtained; if higher than 5s, 
the parts should be reheated to a higher temperature 
than before; if lower than 50, the parts should be re- 
hardened. After this treatment, the pieces are finish 
machined. No further hardening is necessary. When 
machining, slow speeds and feeds must be used. 

Hardening after Machining, and the Scleroscope Test. 
Practically all alloy steels and all low-carbon steels are 
hardened after machining and finished by grinding 
after hardening. About 0.010 in. on the diameter is 
left for this operation. All gears should run true, 
and to obtain this result not only are the holes ground 
true with the pitch cirele, but the hubs are ground on 
their faces so they will set square with their shafts 
when tightened up by nuts. The scleroscope test for 
30 to 35 point carbon machinery steel is anywhere 
from 80 to 90, and for 5 per cent nickel steel for ordi 
nary gears $0 to 85, and for clash gears 70 to 75. All 
steels are tested by the file in addition to the sclero- 
scope. The file test by an expert is very reliable and 
some feel that possibly more confidence can be placed 
on his judgment than on any testing instrument. 

The above notes apply to spur and bevel gears. For 
worm and worm-wheel drives, the worm should be 
made of machinery steel, casehardened, and the wheel 
of a hard bronze. Both should run in a bath of oil, 
especially if under high speed and heavy duty. Spiral 
gears should be used only where the duty is light. The 
material should be the same as for a worm and wheel, 
and they should also run in oil to avoid cutting. 

For index mechanisms, where accuracy is essential, 
if the worm is hardened the thread must be ground 
afterwards. This is done in all the spiral heads of 
Brown & Sharpe’s make. Generally, the worm, made 
of tool steel, is left soft. Worm wheels used for in- 
dexing purposes only are usually made of cast iron, 
and invariably if of large diameter. High-multiple 
threaded worms for indexing mechanisms should not 
be used; a double thread can be tolerated, but not 
more, if accurate indexings are required. 


DISCUSSION 


Joun Rippews referred to the necessity for correct design 
in gears and to the attention which they should receive in 
the process of manufacture in pattern shop, foundry and 
machine shop. 

Tf the foundry is large so that it ean set apart a enpola 
or a melt in a certain eupola, the results may be all that 
ean be expected from east gears, but if the foundry is of 
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medium size and makes no particular melt for gears, com- 
mon cast iron that may be very soft and porous is the 
result. Cast iron for machine tools and other apparatus 
generally will vary somewhat with the foundry and even 
the section of country in which such castings are made. 

The writer believes that he was among the first in the 
United States to use the hobbing process for cutting gears. 
As originally started there were some drawbacks with the 
process and there is still something to learn. 

Various attempts have been made to improve the index- 
ing device, some of which appear to be very good, but 
others of which, while eliminating one error, have intro- 
duced several other irregularities, and do not seem to have 
made the general improvement expected by the designer. 

As to the other materials outside of cast iron and gun 
iron, great improvements have been made, due to the auto- 
mobile and high-speed requirements, such as in turbine 
engines and the connection of electric motors with machine 
tools. The latter has been made by the use of cloth pinions. 

These pinions seem to have a number of advantages over 
other types of non-metallic pinions and have proved in a 
wide variety of applications to have strength about equal 
to that of cast iron. The Lewis cast-iron formula is used in 
their design and many users believe that by virtue of their 
elasticity they withstand service shocks better than cast-iron 
pinions of the same dimensions. Their life in most appli- 
cations appears to be a little longer, and their substitution 
for cast iron on a very large scale is, therefore, only a 
question of whether their higher cost is justified by their 
more quiet operation. 

The gear may be made of machinery steel or a casting, 
Lut the pinion is usually of harder material and very fre- 
quently oil tempered, unless cloth or rawhide is used. 

Gear boxes should be used in some places but not in 
others. Sometimes when in a hurry for machine tools, gear 
boxes are ordered for the initial drive, where ordinarily the 
writer would prefer to use a variable-speed motor to take 
the place of unnecessary gear boxes. No matter how well 
these gears are made they are bound to make too much noise. 
A gear box for changing feeds and for automobiles, perhaps 
is necessary at present. ; 

Much is yet to be done in designing machine tools as to 
gears for driving the machine as well as for giving different 
feed variations. On feeds of large machine tools, such as 
planers, and large planer type milling machines, electric 
motors are being very successfully used, which not only 
eut out a lot of gears but other mechanisms, and are a 
step in the right direction. Gears, especially bevel gea*s, 
have always seemed a necessary evil, though many attempts 
have been made to use spiral and helical gears to eliminate 
some of the difficulties inherent in bevel gears. 

The writer would like to urge upon the trade, a more 
accurate system both of indexing and of mounting gears 
after they have been properly indexed and eut. If a gear 
is allowed to have the slightest play on a shaft it will run 
eccentrically and no matter how little this eccentricity may 
be there will be a noise which cannot possibly be eliminated. 


F. V. MeMvuturw (written). Having had experience in 
furnishing forgings to gear makers, I ean say that today, 
their specifications are based mostly on chemical eomposi- 
tion of the steel. some on physical tests, while a very few 
give both chemical and physical. For the ordinary gear that 
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is neither case-hardened nor heat treated, gear makers 

usually call for 25 to 30 point carbon, no other element 

being mentioned. If the gear is to have hard usage, they 

will call for a higher carbon, 40 to 50 point, or even 60 

point being demanded; some also specify the manganese, sul- 

phur and phosphorus. 

Gears that are to be case-hardened should be made of steel 
ot not more than 20 point carbon, as this more easily takes 
the case. Some makers still buy 30 point carbon steel for 
ease-hardening, which in my opinion is unwise. When gears 
are to be oil tempered a 40 to 50 point carbon steel or a 
344 per cent nickel 40 point carbon steel should give satis- 
faction. A 315 per cent nickel, 25 point carbon steel is 
used both with and without heat treating, though I think the 
latter is not good practice, as such steels should always be 
treated. Where a gear is to have hard wear and the design 
permits the use of a thick tooth, high manganese steel will 
be found satisfactory. One well-known machine tool builder 
uses a high manganese gear in mesh with a train of heat- 
treated nickel chrome gears with very good results. 

I append a few typical gear specifications from our order 
files : 

e Carbon 20 to 30 point; Phosphorus and sulphur less 
than 0.04. 

b Carbon 0.07 to 0.10; Manganese 0.30 to 0.40; Sulphur 
0.035; Phosphorus 0.01, and Silicon 0.01. 

ce Carbon 0.40 to 0.50; Manganese 0.50 to 0.55; Phosphorus 

0.01 to 0.015, and Sulphur 0.035 to 0.04. 

d Carbon Steel Annnealed: Ultimate tensile strength 80,000 
Ib.; elastic limit 40,000 Ib.; elongation 22 per cent in 
2 in.; contraction of area 35 per cent. 

e Nickel Steel, or Nickel Chrome, or Carbon Steel: Phos- 
phorus and sulphur less than 0.04; ultimate tensile 
strength 80,000 lb.; elastic limit 50,000 lb.; elongation 
25 per cent in 2 in. 

f Carbon Steel, 55 to 65 Point Carbon: Ultimate tensile 

strength 85,000 to 100,000 lb.; elastic limit 45 per cent 

of ultimate; elongation 22 per cent in 2 in.; contrac- 
tion of area 35 per cent. 


A. L. De Leeuw (written). In regard to the use of hard- 
ened clash gears, we replaced all soft gears by hardened 
ones, in our milling machines, not because the soft gears 
were not satisfactory, but because it was impossible to con- 
trol the operators handling the milling machines. If the 
operator would follow the injunction not to throw in the 
gears when the machine was running, soft gears would have 
been entirely satisfactory. 

One of the speakers said that in general the trade de- 
manded steel gears. This is a clear case of the minority rul- 
ing. In 99 out of 100 cases, cast iron is good enough; but in 
the hundredth case there is trouble; this trouble is noised 
about, and then the conditions of competition make it abso- 
lutely necessary to change over to steel, even though cast- 
iron gears might have a number of advantages of their own. 

In regard to the use of cast-iron gears for slow drives, it 


certain extent, has been my own experience, that the Lewis 
formula is too conservative for low speeds. Pressures may 
be used, 50 per cent and, in some cases even 100 per cent, 
above the figures of the Lewis formula. 

I want to call attention to the table Mr. Parker gives, in 
which he speaks of gears in sets that are non-removable. 
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has been the experience of a good many engineers, and, to a 
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He mentions that each one of these gears is used at times, 
thus distributing the wear over a number of gears. This idea 
may be in the mind of the designer, but whether all of these 
gears are actually going to be used is a matter over which 
there is no control after the machine enters the shop of the 
customer. It may be that a single set of gears will be used 
all the time. 


H. F. L. Orcurr said that in Great Britain the gear box 
drive is coming in, copying the American practice, and it 
is recognized that the gear box drive and the single pulley 
drive are the developments of the future. 

The requirements of the London police on the English 
buses may be interesting. The makers have had to use 
chain drives in the transmission box to satisfy the demands 
of the police for quiet transmission. He thought those who 
had been in London and witnessed the running of the buses 
could never have heard more quiet transmission. 


A. W. THOMPsoON said that he was primarily interested in 
the manufacture of gears for textile machines and spoke of 
the satisfaction he had found in the hobbing process for 
cutting spur gears both as regards economy of manufacture 
and smoothness of running. In textile work the use of 
gears with teeth cut at an angle is favored for special pur- 
poses where it is desirable to eliminate vibration, for which 
the hobbing process is particularly well adapted. 


E. H. Nerr, in reference to the mention that had been 
made of the demand of the trade for steel gears, said that 
the user demands a tool which can be used continuously. 
Inasmuch as steel is stronger than cast iron it will bear 
more abuse than cast iron and the manufacturer of machine 
tools is inevitably pushed towards equipping machines with 
steel gears. The elimination of cast-iron gears, however, 
will be a matter of many years rather than as a result of 
any sudden change. | 


F. DeR. Furman (written). There seems to me to be a 
pretty close link between item A and the different materials 
that are there given in the third column of Table 1. The 
author uses the words, “ Gears always in mesh, the wear on 
the teeth being constant.” I doubt whether this is a proper 
expression, because the wear on the teeth, as I see it, is 
greater at the tips, there being more sliding as the line of 
contact passes away from the line of centers; and if there 
is more sliding at the ends of the teeth, naturally there should 
be more rapid wear at that place. And then, as there is more 
wear, it leaves the bulk of the work to be done by the teeth 
on or near the pitch line. Now, if we have a materiel that is 
soft enough to wear away fast, under that rubbing action, 
the pressure between the teeth will take place near the cen- 
ters of the teeth and the work of transmission will be better 
done. And if the tooth is made of a hard material which 
refuses to wear away or to yield readily as the rubbing 
action takes place at the ends of the teeth, that hard tooth 
is going to receive more punishment at the ends and more 
stress in the teeth will be set up than in the tooth made of 
softer or more yielding material. The center of pressure 


which produces the greatest stresses in the teeth, travels 
from the tip of the tooth to the center and back again alter- 
ating until the teeth are worn out or until they break, but 
in the soft or yielding material the most injurious pressure 
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which is at the tip of the tooth will last for the shortest 
period of time. Of course, on the other hand, the tooth that 
is made of hard material is stronger to receive the punish- 
ment, but | think in considering the materials that are used, 
we can get along better if we also consider the action which 
occurs between the teeth. 


C. R. GaprieL mentioned a case of high-speed gearing in 


connection with automobile construction 


showing the possibilities of gear drives at high speed and 
heavy duty. 


torpedo engine 


In the torpedo an engine of the turbine type is 
used to drive the propeller shafts through a balanced train 
of eight gears, made of chrome nickel steel, case-hardened, 
the teeth of the spur gears being ground after hardening. 
These gears work under very heavy duty, considering the 
proportions of the gears. 

The engine develops 125 h.p., but due to the fact that the 
turbine motors, which run in opposite directions, do not 
develop equal amounts of power, 
required to transmit 75 h.p. The spur gears consist of pin- 
ions with 24 teeth and gears of 80 teeth, 10 pitch and 1 1/8 
in. face, making a ratio of 3 1/3; the bevel gears have a 
ratio of three to one, the pinions being 11% in. pitch diam- 
eter and the mating gears 41% in., also 10 pitch. The speed 
of these gears is very high, that of the spur gears being 
7500 ft. per min., and of the bevels 1400 ft. per min., the 
tooth pressure on the bevels being about 1800 lb. 

This construction has been well tried out, several hundred 
torpedos being fitted with engines of this type. While the 
length of service is not such as gears in machine tools and 
automobiles are required to stand, some of these torpedos 
have made several hundred runs of 8 min. to 10 min. dura- 
tion, and gears examined after this amount of service showed 
no appreciable wear. It should be mentioned that these 
gears are never subjected to shock, as the engine starts with 
an accelerated motion, and the load is practically constant 
throughout the run. In operation these engines are very 
noisy, but in torpedos this is not an objection, as when sub- 
merged in the water the noise is not heard. 


one set of gears is 


Tue Avrnuor. In regard to the remark of Mr. Riddell, 
that he did not like the variable speed mechanism in his 
machines on account of the noise and the use of gears in 
general, I believe the spindle speed gear box to be one of the 
best things we ever put in milling machines. We find that 
we can do about four times the work in the milling machines 
by the constant speed belt drive and variable speed mechan- 
ism, than with the old cone pully belt drive. As to the noise, 
we have no trouble in the milling machines made by the 
Brown & Sharpe Manufacturing Company; the hardened 
gears run very nicely and quietly. 

Regarding Professor Furman’s criticism of the gear con- 
ditions specified in class A, what I meant as to the wear of 
the teeth being constant was that the teeth are always en- 
gaged, and there is no moving from one gear to another, such 
as the gears in the milling machine knee, where they are 
always in action when work is being done. 

Mr. De Leeuw’s statement that the hundredth case might 
be using only one speed is very true; but I have treated this 
subject in a general way. Of course, we have different con- 
ditions to meet and the machines are designed for the general 
run of the trade. 
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By Henry M. Woop, Cincinnati, Onto 


Associate Member of the Society 
ABSTRACT OF PAPER! 


In the belief that valuable information could be se- 
cured by a comparison of the present practices of 
representative machine-tool manufacturers, the writer 
asked a number of machine-tool makers in different 
lines and in different sections of the country if they 
would be willing to submit an outline of their practice. 
The following excerpts pertaining to the mixtures used 
and chemical analyses of the castings are quoted from 
their replies: 

A Builder of Special Machine Tools: Our iron is bought 
on analysis specifications, covering two grades as follows: 


Two 


1.75 to 2.25 
0.60 to 0.90 
. 0.50 to 0.80 
0.50 and under 
No. 3 

1.00 to 1.50 
0.50 and over 
Phosphorus TTT 0.50 to 0.80 
Sulphur ...... 0.07 and under 


In addition to the above we use materials as follows: No. 1 
machinery scrap, mild steel scrap, manganese steel scrap. 
The last carries 12 per cent of manganese with quantities 
of the other elements so small that they are negligible in 
gray iron foundry work. 

Our mixtures are figured out on the actual analysis of 
each bar, insuring in the castings uniformity of analysis and 
consequently of physical characteristics, such as strength, 
density, and machining qualities. In general practice we 
use three different mixtures suited to our varying needs. 

In our first mixture we include our lighter castings such 
as pulleys, small gears, washers, hand-wheels, brackets, and 
the like. In this mixture we endeavor to have the following 
analysis: 


Manganese ........ GH 
Phosphorus ..... 


This is usually secured by the use of a mixture of 50 per vent 
of two or three lots of two plain iron and 50 per cent of 
scrap. The proportions of the different pig irons are ad- 
justed to produce the proper analysis in the mixture, and 
the scrap is partly our own foundry return and the balance 
No. 1 machinery serap. 

Our second mixture covers all our heavy work, such as 
planer beds, posts, tables, face plates, frames, ete. These 
castings require strength and sufficient density to permit the 


1 Published in coraplete form in the November 1913 issue of The Journal of 
Tue American Socrety or Mecnanicat Enorneers, and presented at the 
Annual Meeting, December 1913. Pamphlet copies may be obtained: price, 5 


cents to members and 10 cents to non-members. 
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machined surface to take a high polish. These ends we ae- 


complish by an analysis as follows: 


0.60 
0.09 


This mixture consists of 45 per cent of two or more No. 3 
irons and 55 per cent total scrap, shop and No. 1 machinery 
together. Should this mixture fail to yield sufficient man- 
ganese the addition of 1 to 2 per cent of manganese steel 
scrap is made to correct it. 

The third mixture is semi-steel, used principally for large 
blank gears and castings requiring special strength. Its 
analysis is 


Its average makeup is 
Per Cent 


Mild steel serap ........ . 20 


The above mixtures cover our entire range of work except 
eases where some special composition is required or desired. 
A Manufacturer of Precision Machinery: In our work 
we run various grades of iron to meet the conditions exist- 
ing in the machines or in the parts of machines under con- 
sideration. 
In a general way our mixtures, in per cent, run as follows: 


Silicon Manganese Phosphorus 
3.00 0.60 0.80 
2.40 0.65 0.70 
2.00 0.65 0.60 


The first is for the average run of castings of smaller size; 
the second for the larger castings. Where we need a special 
close-grain iron we use the third mixture. 

A Manufacturer of Milling Machines: We have never 
carried on any extensive experiments to learn the best mix- 
tures of cast iron for our purposes. We use in the tables, 
knees, saddles and vises about 20 per cent of steel with a 
view to obtaining a close-grain casting, and increasing some- 
what its strength. 

We use practically no east iron for gears or small parts, 
these being made of steel drop forged in the case of larger 
parts, and also in the case of smaller parts when not adopted 
for manufacture from the bar. 

The ideal casting is, of course, one that is so close as not 
to show any grain when finished and at the same time, just 
as hard as it can be, and be worked into shape. 

The question of strength is probably not so important, as 
there is opportunity to use sufficient bulk to obtain strength. 
At any rate this is true of the parts that we make of cast 
iron, for, as stated above, all our gears and like parts are 
made from steel which is casehardened. 

A Manufacturer of Heavy Lathes: With the heavier cast- 
ings we are using a semi-steel mixture with about 20 per cent 
of steel. The analysis of this iron shows 1.60 to 1.70 silicon, 
0.65 to 0.75 manganese, 0.40 phosphorus, 0.8 to 0.10 sulphur. 
While our carbons are not noted as a rule, we get a check on 
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these every once in a while, showing the total carbons about 
3.00 to 3.60. 

Our iron for smaller pieces runs trom 1.80 to 1.90 in 
silicon, 0.40 to 0.50 in phosphorus, 0.65 to 0.70 manganese, 
0.07 to 0.10 in sulphur. 
tically the same in both mixtures. 
mixture break at from 2800 to 
tures at about 2600. 


The total carbon shows up prae- 
Our test bars on the first 
3200 and on the latter mix- 
This refers to 1 in. by 1 in. standard 
bars supported on 12 in. centers. 

A Manufacturer of Grinding Machines: We use castings 
with various proportions of steel according to the size of the 
casting and the place where it is to be used, so that today 
we have very bright lustrous surfaces and it is possible tu 
get accurate alignment. 

PRACTICE WITH REFERENCE TO CHILLING CASTINGS 

There is a wide difference of opinion among ma- 
chine-tool manufacturers as to the desirability of chill- 
ing any surfaces of castings. In view of these differ- 
ences and the idea held by some that it is impossible 
to chill an iron of high tensile strength without making 
it so hard it cannot be machined, the practice of the 
Lodge & Shipley Machine Tool Company, with which 
the writer is connected, is here outlined. Three average 
analyses are as follows: 


Tensile 
Silicon Sulphur Phosphorus Manganese Strength 
2.16 0.065 1.01 0.40 22,310 
217 0.065 1.01 0.39 24,840 
2.45 0.076 0.63 0.71 24,195 


The first analysis is of a specimen taken in January 
1913 from the first iron run in a heat; the second, from 
the last iron of the same heat; the third, from the 
average iron of a heat in September 1913. 

This same iron is used for lathe beds of which the 
ways are chilled, also for other cast-iron parts which 
do not require the high tensile strength of semi-steel. 
For some parts, such as compound rest top slides and 
reverse plates, we use semi-steel. Parts subject to 
greater stress or to severe shock are made of steel. 

The Effect of the Chill on a casting is well shown in 
Fig. 1. This shows the cross-sectional fracture through 
the finished ways and a portion of the side well of the 
chilled bed for a 30-in. lathe. The reproduction clearly 
shows that the iron even far away from the chill in 
the side wall of the casting is dense and of as close 
grain as other good cast iron; it also shows the much 
closer grain of the iron below the finished surface as 
a result of the chill in closing up the iron and making 
it harder and more durable. In the 30-in. bed, as 
plainly shown by this specimen, the close iron pro- 
duced by the chill extends to a depth of 114 in. to 2 in. 
below the finished surface of the ways, thus proving 
that the chilled iron is not all removed in the planing. 

Degree of Hardness. Scleroscope test on chilled 
beds finish planed but not scraped gave as a result of 
eight different tests on four different beds, scleroscope 
readings of 40 to 42 with an average of 41. Similar 
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tests on chilled beds which had been planed and then 
scraped gave a practically constant scleroscope read- 
ing of 42. Comparative seleroscope tests on a heavy 
section of unchilled cast iron which would give as 
nearly as possible conditions parallel to those just 
quoted gave readings ranging from 18 to 22, with an 
average of 20. These tests indicate that the chilled 
ways are much harder than the unchilled. 

Action of the Chill. The chilled surface is produced 
by a series of cast-iron chill plates each about 6 in. 
long placed end to end in the mold. The use of sepa- 
rate short plates eliminates much of the warping and 
twisting which would occur in a long chill plate. 

If a thick chill plate is used with a low-silicon iron 
the surface of the casting is chilled so hard that it 
cannot be machined. The desired result is attained 
by regulating the thickness of the chill plate to suit 
the size of the casting for which it is used; then a low- 
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silicon iron of high tensile strength can be successfully 
poured. The heavier the casting, the thicker the chill 
plate. 

The action in the mold is that when the molten iron 
strikes the cold plate it is chilled and hardened; then 
the heat in the mass of iron forming the body of the 
bed casting gradually warms the chilled surface and 
the chill plate, thus annealing the casting or ‘‘draw- 
ing the chill,’’ just as when in tempering a chisel the 
leat in the shank of the chisel ‘‘draws the temper’’ of 
the cutting edge to the proper point after the cutting 
edge has been hardened by quenching in water. This 
annealing of the chilled surface of the casting produces 
the desired form of hard, close-grained gray iron. 

The thickness of the chill plate used is such that the 
heat in the casting will anneal the surface sufficiently 
to permit planing, although at a greatly reduced cut- 
ting speed, and yet retain the benefits of the chill. 
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The advantages of chilled wearing surfaces for ma- 
chine tools are: 

a Much harder surfaces, which experience has proved 
are vastly more durable than similar unchilled 
surfaces. 

b A hard guiding surface with a relatively soft car- 
riage, bringing the bulk of the wear on the 
carriage and thus maintaining the alignment of 
the guide. 

c A denser and much more closely grained surface of 
the casting, giving better appearance. 

a An exceptionally smooth finished surface, in which 
there are no pores where dirt and grit may be- 
come imbedded to cause rapid abrasion of the 
other bearing surface. 

Chilled surfaces are more advantageous on some 
machines and some parts than on others. In the case 
of a lathe the carriage will often be used for long 
periods of time on chuck work or on short jobs be- 
tween centers which brings all of the wear on a com- 
paratively short length of the bed just in front of the 
headstock; such uneven wear on the unchilled bed 
destroys the accuracy of the alignment for long work. 
Chilling the ways brings the wear principally upon 
the carriage, and even if the carriage is worn, the 
alignment at all points along the bed will remain rela- 
tively true. 

Our experience, based on the use of chilled ways 
on beds of all sizes of our lathes for more than two 
years, is that no internal stresses are created by the 
chilling; that the surface is not made more susceptible 
to a peening action; that the surface can be equally 
as well lubricated as before; that iron of high tensile 
strength is used; and that the increased hardness and 
closeness of grain of the chilled surface vastly in- 
ereases the durability and permanency of alignment. 
We find no disadvantage except a somewhat increased 
cost. 


DISCUSSION 


W. Watiace MckKaic’ called attention to the mixture for 
heavy lathe of semi-steel, the analysis of which is Si, 1.60, 
Mn, 0.65 to 0.75, P, 0.40, S, 0.8 to 0.10, given in the paper, 
and said that there seemed to be a very wide latitude in the 
sulphur. Furthermore, an iron with sulphur in the pro- 
portion of 0.8 would be white hard all the way through and 
would be impossible to machine. An iron of the above an- 
alysis with sulphur as low as 0.3 would also be white hard. 
He would appreciate information as to a way of making a 
20 per cent semi-steel with sulphur in the proportion of 0.8, 
in which the castings are soft enough to machine. 


A. Lewis JENKINS wrote that most machine tools are re- 
quired to resist deflections and vibrations, and when suffi- 
ciently rigid and massive to satisfy these requirements there 
is practically no danger of breakage. About the only ma- 
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chine tools designed for strength in which the deflection 
may be neglected are shears, punches, presses and hammers. 

Beds and carriages of lathes; housings, cross-rails, tables 
and beds of boring mills; columns, and knees of milling 
machines and shapers; columns, arms and tables of drill- 
ing machines, are examples of machine parts requiring 
stiffness; they never break. The very lowest grades of iron 
would be entirely satisfactory for these parts from the 
standpoint of strength, provided the parts were sufliciently 
heavy to resist the vibrations and deflections caused by the 
pressure of the tool. 

The ultimate tensile or the transverse strength of a test 
bar is of no greater value in proportioning some parts of 
machine tools than the specific gravity of the material. 

The most important physical property that may be de- 
termined by a test is the deflection under a load equal to 
about 1/10 of that required to break the bar, or about 250 lb. 
at the middle of a 1 in. by 1 in. bar on supports 12 in. apart. 
It would be better to use a bar that is at least 24 in. between 
supports in order to get accurate deflection readings. 

Hodgkinson’s Experimental Researches (1860) gives the 
ultimate breaking load and the modulus of elasticity at a 
load of 112 lb. for about 250 bars 1 in. by 1 in. by 54 in. 
between supports. Plotting the breaking load against this 
modulus of elasticity (at 9072 lb. per sq. in. transverse 
stress) showed no definite relation between the ultimate 
transverse strength and the elastic properties. It is also 
evident that no relation exists between the deflections at 
112 Ib. and at rupture. 

In view of these results neither the ultimate strength nor 
the ultimate deflection of a test bar is of any value in de- 
termining the most essential property of the material. 

The values of the moduli of elasticity in Hodgkinson’s 
results vary from 11,539,333 to 22,733,400, which means 
that if a casting were made from each of these materials 
one might have a deflection twice as great as the other. The 
variations in the elastic properties of the iron may cause 
an appreciable effect on the accuracy of some machine tools. 

Complicated castings should preferably be made from 
metal having a small shrinkage, thereby decreasing the ini- 
tial stress due to cooling, warping, shrinkage cavities and 
some of the visible defects commonly seen on finished sur- 
faces. 

It is not an easy matter for some foundries to get a mix- 
ture that will produce desirable machining properties and 
have a grain sufficiently close to take a high finish. Good 
results in this respect have been accomplished by the use of 
charcoal, certain grades of coke, steel scrap and ferro-alloys. 

In the selection of castings the machine tool builder should 
consider, together with the machining and finishing proper- 
ties, that property of the iron which resists deflection and 
upon which depends the stiffness and corresponding ac- 
euracy. The ultimate strength is a minor consideration. 


Tuomas D. West referred to the difficulty experienced by 
one manufacturer who had replied to the inquiries sent out 
by the author that he had had trouble from the scratching 
of chilled ways used on machine tools through some little 
particle of metal which had settled on them.’ Mr. West 
suggested that the chilled surfaces might have been wavy 
or streaked so as not to present a smooth homogeneous 
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surface; and that the trouble might be due to the failure to 
use a varnish to coat the chillers with. 

All chillers generally require to be coated with wet black- 
ing which must be dried; oils, chalk or other coverings that 
do not require any heat drying are also used. For the pur- 
pose of lathe ways and chiller plates or blocks the following 
recipe is the best the writer knows of and has not to his 
knowledge been heretofore published. It is what some of 
our leading carwheel makers use to obtain the perfect sur- 
face seen on the threads of their wheels which wear smootli 
without causing any scratches. 

Suitable proportions for this varnish are shellac, 34 lb., 
lamp black, 4 lb., wood alcohol, 9 gal.; or if a smaller quan- 
tity is desired the mixture in the same proportions. The 
aleohol is put into a barrel with the shellac to cut it up 
well, so that it will be entirely liquid before putting in the 
lamp black. This alcohol costs 50 cents per gal. and is 
95 per cent alcohol. Recent experimenting has led to the 
use of mineral blacking or dust, obtained from foundry 
companies, in preference to the lamp black, as it gives a 
smoother skin to the chilled face, does not gum the chillers 
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as the lamp black does, and only about half as much is 
required. 

Should the face of the chillers show signs of any rough- 
ness or scale other than that caused by the varnish, some 
dry sand is rubbed over it with waste, or emery or sand 
paper may be used. The varnish is applied with a brush, 
and the chillers are given one coat and then allowed to dry 
in the open for twenty to thirty minutes. On top of this 
coat of varnish a thin coating is applied, composed of half 
kerosene oil and half common black oil, and on top of this 
again a little mineral blacking is dusted on to prevent the 
oil and kerosene mixture from forming streaks and to keep 
it in a smooth body. The dusting is done by shaking it 
through a hand bag, such as is used by stove molders and 
general foundrymen for shaking general dry blackings on 
their molds. This last coat requires only about 1 minutes 
to dry, after which the mold having the chillers can be 
poured. 

The author mentions the use of a series of cast-iron chiller 
plates, placed end to end in the mold to eliminate the warp- 
ing and twisting which is liable to oceur in a long chiller 
plate. Mr. West, however, believed that foundrymen would 


prefer to use one continuous chiller piece, provided its warp- 
ing could be prevented, and suggested that where long chill- 
ers are desirable, they be made no thicker than necessary to 
give the required depth of chill, and that means be arranged 
for bolting a chiller plate to a rigid casting or beam of suf- 
ficient stiffness and strength to keep the chiller plate from 
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warping. Fig. 2 indicates such a construction. The upper 
view shows the chiller plate and the lower view a T-shaped 
beam with the plate bolted to it. The elongated bolt holes 
in the beam allow for expansion. The bottom of the lugs 
of the chiller plate and the face of the beam should be 
planed to unusual straightness and the chiller easting can 
be made either of steel or wrought iron, since there is 
practically no difference in the chilling qualities of these 
two metals, as indicated by the writer's experiments.’ Ar 
air space should be allowed at A (Fig. 2) which may be left 
open or filled with rammed sand or other material of low 
heat absorbing quality; or water or air pipes may be in- 
serted in this space to retard a “drawing of the chill” and 
to eliminate the possibility of the beam becoming heated to 
such an extent as to cause its warping. 


Forrest R. Jones sent the following exeerpt from his 
note book as of value in relation to the durability of flat 
rubbing surfaces of cast iron. The stationary member is 
referred to as the “guide,” and the moving member as the 
“block.” 

Alfred Herbert, Ltd., Coventry, England. Visited Sep- 
tember 5, 1902. 


“ Guide pocket at each er 
Load 400 420 » 
load 400 'b; per sa 
Block to wes? 
R 
A k ra k Side 


‘Tota! bearing surfaces 25" sa 


Fic. 3_[Biock Guipe ror Testing SURFACES 


Experiments had been made on flat rubbing surtaces of 
various kinds of cast iron. Both surfaces always of the same 
iron. The bearing surface of the guide a narrow strip along 
each side; block held in place by the upper lips of the guide. 
Middle of guide cut away for clearance. Oil pocket at each 
end of guide. Block has narrow strips across its length; 
ends of cross-strips rest on the bearing strips of the block. 

No oil-grooves or indentations (other than the pores of 
the metal) in the bearing surfaces. Enough oil used to act 
as a bath. 

Each block was run (slipped) back and forth 84 miles on 
its own particular guide. Hardness was tested by drilling. 

Softest metal by drill test showed best wearing qualities. 
The softer metals were the more porous. 

After 84 miles of slipping the softer metals showed prac- 
tically no wear; the scraper marks still remained on both 
block and guide. The oil remained clear. Harder blocks 
showed considerable wear. With them the oil soon beeame 
black, almost as black as ink. 

Total bearing surface of block, 414 sq. in.; total load, 
400 lb., bearing pressure = 89 lb. per sq. in. nearly. 


At a date some eight or ten vears earlier than that of this 
memorandum the Aermotor Company of Chieago found 


1 New Processes for Chilling and Hardening Cast Iron, Trans.Am.Soc.M.E., 
vol. 34, p. 235. 
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that a thoroughly chilled cast-iron bearing would far outlast 
any other of numerous materials used for the bearings of 
the horizontal shaft of the vane wheel of their windmills. 
These bearings were generally neglected as to oiling, and 
before the chilled cast iron was adopted, gave trouble by 
rather rapid wearing out when thus neglected. The cast 
iron used for the aermotor bearings was chilled hard and 
white, like a car wheel, a roll for a steel mill or a flour 
mill, or the mold-beard and point of an agricultural plow. 
The shatt was of ordinary machine steel. 

A few years ago, the writer had occasion to test the dura- 
bility of chilled east iron as a bearing surface when rub- 
bing against tempered spring steel as the mating bearing 
surtace. The coiled spring gripped the entire circumference 
of the round east-iron member. The cast iron used was 
chilled hard and white. After the surfaces had slipped over 
each other more than 40 miles actually measured, and prob- 
ably half as much more not measured, under all conditions 
of lubrication and the lack of it, at a bearing pressure more 
than 300 Ib. per sq. in., the chilled iron still showed the marks 
of the fine-grained emery wheel that had been used to grind 
its frietion surface. 


H. Mumrorp (written). Speaking of this question 
wholly from the foundry standpoint, it occurs to me that too 
much stress is commonly laid on the strength detail of cast 
iron for machine tool uses, considering the use to which it 
is put after it gets into service, other than in gears. In my 
steam pump experience I used Keep’s test quite extensively, 
with more attention to the shrinking and chilling tenden- 
cies than to the strength tendencies; I try to use a uniform 
test bar so as to get absolutely relative results. It is un- 
doubtedly true in the use of east iron that its strong tenden- 
cies to shrink in certain dimensions in rigid castings develop 
stresses which lead almost to fracture before the real load 
comes on, so that strength is a minor consideration under the 
cireumstances. 

I do not refer to the form of shrinking which produces 
heneyeomb spots in the center of joining parts as where 
pump diaphragms join the side-walls, or spokes join wheel 
rims and hubs, and which are known as “shrinks” or 
“draws” in the foundry. for that is a different matter. 
Castings are weakened more by cooling stresses due to 
shrinkage than by lack of intrinsic strength as shown by 
breaking tests, either transverse or tensile. 

I had supposed that it was well known that such chilling 
as Mr. Wood refers to in his paper is entirely different from 
that in car-wheel or roll or evlinder castings, but the com- 
ment made by manufacturer No. 34 seems to show that there 
is some misconception of what chilling means in the sense in 
which Mr. Wood has used it in his paper. It should be 
clearly understood that the chilling referred to bears no rela- 
tion to the chilling of car wheels or rolls made from low 
silieon iron. 

The quick cooling of high silicon iron on running against 
a clull prevents the segregation of graphitie carbon in 
large masses and holds the iron to a closer texture without 
any such hardening of the surface as interferes with proper 
machine cutting: whereas, with low silicon iron, the surface, 
and for considerable depth below it, contains no graphitic 
carbon whatever and can be touched only by a grinding 
wheel or the special chilled tools used in roll turning. 
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BraDLey SroucuTon. | think the Society should be con- 
gratulated upon this paper, and upon the method which was 
followed in writing it, whereby the opinion is obtained of 
several men who have had experience in these matters, and 
who are willing to give anonymously whe benetit of their 


experience. 


I want to call Mr. Wood’s attention to the natural alloys 
of iron, nickel and chromium smelted from the Mayari ores 
of Cuba. I think Mr. Wood will find that they have been 
used to some extent in machine tool work. 


A. L. De Leeuw (written). I want to call attention to the 
following statement contained in the paper: “ The ideal cast- 
ing is, of course, one that is so close as not to show any grain 
when finished, and at the same time be just as hard as it ean 
be, and be worked into shape.” I want to warn against the 
“of course,” which seems to take it for granted that we all 
agree with it. I believe it is a little bit early to agree en- 
tirely with this statement. We like to have the appearance 


of the casting close-grained, but it is doubtful if the close- 


grained casting is always the most serviceable. Experiences 
of other people, and some of my own, have shown that the 
presence of graphite in the casting is of decided benefit; es- 
pecially if the graphite is near the top after the scale has 
been removed. This may be the reason why soft blocks wear 
better than hard ones. 

Another thing touched upon in the previous discussion is 
that it may be advisable to have different hardnesses in the 
surfaces which wear together; Mr. Wood indicated that it is 
well to have the lathe bed harder than the carriage. We can- 
not get away from the wear. The number of cases where 
this wear is so small as to be negligible are so rare that we 
may just as well make the general statement that we must 
provide for the natural wear of moving machine parts. I 
would suggest that Mr. Wood’s statement be broadened out, 
and that we say that we should make the part which guides, 
harder than the part which is guided. 

The point which was brought out in the diseussion in the 
preceding paper on gears is, that in the softer cast-iron gears 
there is naturally a wearing at the point of the teeth, and 
that when this point is worn sufficiently, the wear will then 
come naturally on that part of the tooth where it should be. 
1 wish to call attention here to the fact that if the gear is of 
such softness that the point wears away, then, after the pres- 
sure has come to the center, the center will wear away, and 
then the pressure will come on the point again. I really do 
not believe that any such kind of action takes place, but 
rather that there is an undue wear over the entire tooth if 
the material is too soft. I believe that in order to avoid the 
excessive wear in gears, the proportions and sizes of the bear- 
ing surfaces, and the hardness of the materials, should be as 
ample as we can make them. 

There are certainly a great many pieces where chilled east- 
ings can be used to great advantage, and not only for wear- 
ing surfaces. This refers especially to T-slots. In most 
machines, practically all except the very largest, T-slots are 
finished out, which makes the under side of the lip of the T- 
slot rather soft. Chilling this T-slot will condense the mate- 
vial, and prevent the lip of the T-slot from swelling unduly 
when fixtures or pieces of work are clamped down. 


D. J. Rigas wrote that the author has referred to chilled 
iron as that which cannot be planed, filed or scraped; and 
this is the common conception amongst us. But we all know 
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that some foundry irons will hardly chill at all and that other 
irons may be found anywhere between these two extremes. 
li seems that in applying chills to lathe beds, the author has 
not gone to the extreme limit of hardness. In the case cited 
where there was trouble from the scratching of chilled ways, 
they have probably either used an iron that chilled too easily, 
or used too heavy a chill. After getting the iron too hard 
they have undoubtedly resorted to the use of loose emery and 
lett some of it imbedded in the iron to make trouble later. 


The Author wished to present no closure.—EbitTor. 


A RECORD OF PRESSED FITS 
By C. F. St. Louis, Mo. 


Member of the Society 
ABSTRACT OF PAPER’ 


In my own experience, covering about 20 years, in 
charge of shops where forced fits were made, I have 
found that it was not necessary to increase the allow- 
ance with the diameter of the shaft, as the increased 
surface area of the fit added sufficient friction to bring 
the pressure up to the required tonnage, and that an 
allowance of from 0.002 in. to 0.004 in. on steel shafts 
pressed into steel hubs, and an allowance of from 
0.003 in. to 0.005 in. on steel shafts pressed into cast- 
iron hubs of ordinary hardness, gave good results. I 
have yet to learn of one of these shafts coming loose. 

There is no doubt in my mind that allowances 
greater than 0.006 in. on steel shafts pressed into cast- 
iron hubs, not only do not serve any useful purpose, 
but tend to set up strains that are injurious to the 
casting. 

One large plant with which I am familiar issues an 
allowance table for pressed fits, the allowance gradual- 
ly increasing with the shaft diameter. This is not fol- 
lowed in their shaft department, but instead a flat 
allowance of 0.003 in. is used without regard to the 
diameter of the shaft. 

The table, published with the complete paper, covers 
206 fits of diameters varying in size from 3.5 in. to 
20 in., sufficient in range and number to demonstrate 
the correctness and value of the practice followed. 
The records are all of fits made on electric generators 
and motors and show the diameter of the shaft, the 
diameter of the bore, the length of the seat, the diam- 
eter of the hub, the material of which the hub is made, 
the allowance (the difference between the diameter of 
the shaft and the diameter of the bore of the hub into 
which the shaft is expressed), the pressure in tons 
required to force the shaft in, the maximum tension 
stress in the bore in pounds per square inch, the radial 


1 Published in complete form in the November 1913 issue of The Journal of 
Tue American Socrety or MecHanicaL Enarneers, and presented at the 
Annual Meeting, December 1913. Pamphlet copies may be obtained : price, 5 
cents to members and 10 cents to non-members. 
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pressure on the surface of the shaft in pounds per 
square inch, and the coefficient of friction. 

In calculations relating to the subject the following 
formulae are used as developed by Prof. A. Morley 
and published in Engineering, August 11, 1911: 

Total tension stress at bore of hub: 


Xx E 
( m my 
Normal pressure on surface of shaft: 
J_f 
D 
m—1 


mE 
Coefficient of friction: 
Py 
The notation used is given in the original article. 


DISCUSSION 
Joun E. Sweer. During the last third of a century at 
the works of the Straight Line Engine Company, Syracuse, 
N. Y., we have had experience on a kind of foreed fits dif- 
ferent from that of Mr. MaecGill, and with results that will, 
| fancy, surprise him and others. 

Our erankshafts were made by using two flywheels with 
very large bosses for the throws of the crank, and, in fore- 
ing the crankpins in these bosses out of the center, and in 
forcing in two pieces to form the shafts. These shafts and 
cranks were of Coffin treated steel, forced into the cast-iron 
bosses, and these forced fits were without keys. The size 
of the crankpins varied from 37, to 513 in., and the shafts 
varied from 334 to 434 in. The allowance for the fits was 
after we learned the trade, about 0.0015 in. to the inch, and 
another thing we learned was that while the boring and turn- 
ing was very carefully done there would be a little wearing 
away of the ridges at the parts that first entered, so that 
to get a rigid bearing at the shoulder, the fit of the shaft 
was given 0.001 in. taper. 

To give some idea of the permanence of these connec- 
tions, we turned out thousands of these fits, and, in cases 
where 434-in. shaft fits without keys were coupled to gen- 
erator shafts, where the shafts in the armatures were 6 in. 
or more, and with 11%-in. keys, the fits in the wheels never 
slipped. Where the holes are reamed and the shafts are 
ground, two-thirds as much allowance is ample, and, where 
the shaft and boss are both steel, it is likely that one-half 
as much allowance will do, and that is dependent on the 
length of the fit whether turned and bored or reamed and 
ground fits. 

Ought not a shaft 8 in. in diameter take a pressure four 
times as great to make a good force fit as one 4 in. in 
diameter? Will the same allowance give this? Mr. Mac- 
Gill’s table only shows twice as much. There is four times 
as much surface in the 8-in. size as in the 4-in., even though 
only the same length of fit. 
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Sanrorp A. Moss. Mr. MacGill’s mathematical methods 
are undoubtedly correct. Hlowever, his values of force for 
pressing and the corresponding values of coefficients of 
friction seem very high. There is great variation in the 
individual cases of the table, but this always oceurs. 1 
have many records similar to those of Mr. MaceGill’s and 
they vary as mucli. These are for steel hubs on steel shafts 
and I have given their general average in a paper on this 
subject.’ This led to a coefficient of friction of about 
0.038, which is to be compared with Mr. MaeGill’s average 
for steel hubs of about 0.12, a difference of 300 per cent. 
To take actual cases, the average of a great many tests of 
pressure to foree car wheels on axles with about 5-in. bore 
and 6-in. length of hub, with an allowance of one mil per 
inch, is about 20 tons, and with an allowance of two mils 
per inch is about 40 tons. Mr. MacGill’s table includes 
a great many cases of steel hubs from about 4.5 in. to 
5.5 in. with an allowance of one mil per inch and his aver- 
age pressure is about 50 tons. In the paper previously 
alluded to, an average test figure was given for force to 
press a rather thick steel hub, of 1560 lb. per inch of bore 
and per inch of hub length, for an allowance of one mil 
per inch. This gives for the above wheels with one mil 
per inch, about 23 tons. I know of some cases where values 
about 40 tons have been actually obtained, and they have 
been ascribed to inaccuracies of machine work of hub and 
shaft. 

The test on which the figure 1569 was based and those 
giving the value ot 20 tons force were with ground shafts 
and carefully reamed holes. A shaft or bore with ordinary 
machinery may be out of round or out of straightness or 
have other irregularities amounting to several thousandths. 

Possibly Mr. MacGill’s coefficients and forces are for or- 
dinary machinery, and the lower values are for cases, with 
greater accuracy. The lower figures given are for lubrica- 
tion with white lead or something similar. It is to be pre- 
sumed that Mr. MacGill used a lubricant. 

The formulae and methods used in the paper already 
quoted are identical with those of Mr. MaeGill. In the 
writer’s paper the case taken was for a solid or hollow 
shaft with a steel hub. Mr. MacGill takes a solid shaft with 
hub of any material, and values for a steel hub equivalent 
to the above are obtained by using steel coefficients. Mr. 
MacGill used 0.25 for Poisson’s ratio. The value is probably 
nearer 0.30, but the effect is very small. 

Mr. MacGill rightly coneludes that large force fit allow- 
ances are not necessary in usual cases. However, in cases, 
where they are necessary, as in high-speed wheels, they 
cannot be objected to because of excessive hub stresses 
unless the formulae show large stresses. For proportion- 
ately thick hub, the stresses with one mil per inch of bore 
allowance, are the same regardless of diameter. 


It is to be noticed that the maximum effective stress in 
the hub is not simply the tangential stress, but is shown by 
the maximum shear theory to be the sum of the tangential 


and radial compressive stress. This is re when shaft and 
hub are of the same material. The sum of Mr. MacGill’s 


stresses will be found to be - for steel. It may also be 


1 Increase of Bore of High-Speed Wheels by Centrifugal Stresses, Sanford A. 
Moss, Trans.Am.Soc.M.E., vol. 34, p. 909. 
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noted that the ratio of the radial and tangential stresses 
when hub and shaft are alike is 

ky 

Harry M. Lane wrote that his company’s records eom- 
prise data upon about 10,000 pressed fits, which go back 
about 20 years, and he had found it gratifying to note that 
they embrace all the data possible, there being 24 facts 
recorded with regard to each pressed tit, including diameter 
and length of hub into which the shaft is foreed, and ma- 
terial of which the hub is made, area of fitted surface and 
the pressure at the first, second, third and fourth quarters 
of the length of the fit, which show the effect as recorded by 
the pressure of varying lengths of fit in each particular case 
without requiring comparison of different tests. 

Before making these records they sometimes had trouble 
with loose cranks and crankpins, but since beginning the 
records these troubles practically ceased. 

In common with others, they used to attempt additional 
security in the fastening of crankpins by riveting the pin 
over at the back of the crank, by screwing it up at the back 
with a thin, fine-threaded nut or by driving a taper key 
through slots in the crankpin and its boss 

Of course, if the pin does not fit the hole, none of these 
makeshifts are effective, and if the crankpin is a fit, they 
are unnecessary. For last twenty vears it has been the 
company’s practice to make a dependable fit of the erank- 
pin and let it go at that. 


Joun Rippevt spoke of the necessity experienced in the 
practice of the General Electric Company for varying the 
allowance for fits in order to meet the conditions existing. 
In the case of turbine engines it might be necessary in some 
cases to make a much greater allowance, due to the high 
speed at which the turbine was to operate, with consequent 
expansion of the wheel, than in another case where the tur- 
bine was to run at slower speed. As a specifie instance, on 
a shaft 23 in. in diameter, an allowance of 0.020 in. was 
made for the fit. On this particular piece of apparatus it 
was calculated that when it revolved at 20 per cent above 
normal speed, the bore would become 0.017 in. larger, or in 
other words, there would be 0.003 in. left for fit at this 
speed. 

This phase of the subject was treated by Mr. Sanford A. 
Moss* of the company’s works at Lynn, Mass., who has gone 
into the matter carefully and treated it mathematically. 


A. B. Caruart (written). It may be proper to suggest 
that in making caleulations for forced fits, the surface of the 
contact area is a very important factor. The formule as- 
sume contact of the entire area of the shaft and of the bore. 
We all know how seldom this is actually realized in prac- 
tice, because of the irregularities of any machine operations. 
In railroad shops, in the pressing on of car wheels it is sur- 
prising to see the approximation to accurate size and taper 
that will sometimes pass for satisfactory work and be forced 
into a fit. I cannot believe that in some cases any consider- 
able part of the total area is actually in contact; yet some 
of such foreed fits prove themselves to be reliable, durable 
and dependable in service. 


1 Increase of Bore of High-Speed Wheels by Centrifugal Stresses, Trans. Am.Soc. 
M.T., vol. 34, p. 895. 
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More exact information should be required concerning 
some forced fits as for example in the pressing of car wheels 
I believe that 
formerly there was ground for complaint concerning wheels 
that would either work loose or would split in the hubs, and 
the manufacturers were called upon to replace wheels claimed 
to be detective or to pay the expense resulting from failure. 
Consequently it became of great importance to them to show 
that the workmanship in any case was satisfactory and that 
the fit was proper. It was necessary to know that there was 
proper area of contact, that sufficient power was applied to 


upon axles for use in transportation service. 


insure a permanent job, and especially that the pressure was 
not so excessive as to cause strain within the hub. It is as 
serious and as troublesome to have car wheels crack from 
over pressure in making pressed fits, as it is to have them 
run loose; either fault is a serious one. 

Consequently it is now common practice to have a record 
made in the shop of each fit at the time it is pressed on. 
Special recording gages are used, which automatically trace 
a diagram of the pressure applied at each stage of the fit, 
indicating at the same time the forward movement of the 
ram of the press that forces the axle into the hub of the 
wheel. 
where the pressure begins to be appreciable, and as the 
axle moves forward, in pressing on the wheel, or in any 
shaft fitting, the actual gage pressure is recorded at each 
inch of movement, until the wheel comes to the shoulder or to 
the final position, and the maximum thrust applied there is 
also recorded. Such a chart record can be filed away, marked 
with the number of the job and of the wheel, and the shop 
has proof, in the future, of a proper and accurate fit, or of 
any sudden rise in the pressure at any point owing to a jam 
due to irregularity of the taper or to inaccuracy of the diam- 
eters concerned in making the fit. 


The record begins when the first contact is made, 


Tue Avtuor. The original object of my paper was to 
prove that “it is not necessary and may be dangerous to 
increase the allowance on pressed fits, with the diameter of 
the shaft.” As stated, the tension stress, radial pressure and 
coeflicient of friction were calculated some time after the ree- 
ords of the fits were made. The calculations were made 
primarily to arrive at a proper basis for establishing stand- 
ard foree fit allowances for ordinary machine shop practice, 
where high centrifugal forees and extremes in temperature 
need not be taken into consideration. In my judgment the 
results of these calculations uphold my claim. 

I am pleased that the formulw used meet the approval of 
Mr. Moss. For the sake of simplicity Poisson’s ratio was 
taken at 0.25 for both cast iron and steel, since the use of 
different values has no appreciable influence on the result. 
The value of FE for east iron was kept constant at 15,000,000 
partly for the same reason, and partly because where greater 
allowances are used and EF diminishes, these allowances will 
bring the east iron into the region of dangerous stresses, 
especially if hard key driving should be added to excessive 
allowances. 

As to the coefficient of friction it is somewhat difficult to 
draw reliable conclusions from the figures obtained by the 
formula used. 

Mr. Lane is the author of the paper referred to in the fol- 
lowing quotation: “ In but one of the papers noticed is there 
any reference to the diameter and length of the hub into 
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which the shaft is foreed or the material of which the hub is 
made.” 

In answer to Professor Sweet’s question: “ Ought not a 
shaft 8 in. in diameter take pressure four times as great to 
Will the 
| think not, and my reeords 


make a good force fit as one 4 in. in diameter? 
same allowance give this?” 
show that it does not. If this were the case an allowance 
proportionally less would be logical. 

In all cases the surfaces of the fits covered by my table 
were lubricated with white lead and linseed oil before being 
pressed together. Too much care cannot be taken in mak- 
ing the surfaces of the fit true and smooth and in the keep- 
ing of an exact record of each fit made, possibly with a dia- 
gram showing the pressure at different stages as suggested by 
Mr. Carhart and Mr. Lane. 


STANDARDIZING MACHINERY 


By Frev H. Cotvixn, New York 


Member of the Society 


The advantages of standardization of parts which are 
or may be used together are becoming more and more 
apparent in all manufacturing and are now being con- 
sidered by builders of such machines as lathes, planers, 
milling machines, ete. The question is how far can this 
be carried, for if carried too far, it might become a det- 
riment rather than a help. 

The builders of milling machines decided some years 
ago upon a standard of capacity, so that a buyer knows 
that a No. 2 miller of nearly all standard makes, has a 
table movement of 28 in. by 8 in. This does not, how- 
ever, say how much power each machine has nor specify 
its size of spindle or similar parts. 

Lathe and planer builders give nominal sizes in 
inches and feet, but there is no way of knowing from a 
list of a 14-in. lathe whether it swings 15 or 16 in., or 
whether a 36 in. by 36 in. planer will take in 37 or 38 
in. between housings and under the rail. One effect of 
this is to allow a lathe that will actually swing 16 in. 
to be listed as and sold for the price of a 14 in. without 
the odium of cutting price. Some over size allowance 
must, of course, be made, but the general opinion seems 
to place this at not over 1 in., so that a 14-in. lathe will 
swing over 14 but not over 15 in., with the same allow- 
ance on planers and other machines. 

After standardizing the work-holding capacity of 
machines, the question of what parts can be standard- 
ized to advantage must be considered. How far is it 
desirable to go, even were standardization not an ex- 
tremely difficult proposition, and is it desirable to stan- 
dardize any parts which are not used interchangeably 
in the modern shop? Assuming that these are the only 
parts to standardize, which parts are they ? 

Slots which are used to hold fixtures, as in milling 
machine tables and in planers, fall easily in the list of 


Presented at the Annual Meeting, 1913, of Tae American Soctety or Me- 
CHANICAL ENGINEERS. 


MACHINERY, 


FRED H. COLVIN 115 
desirable parts to be standardized and this might easily 
be extended to lathe carriages, boring mills and other 
machines to which fixtures are attached. The adopt- 
ing of a few sizes of T-slots and the apportioning of a 
definite size to certain sizes of milling machines, would 
enable fixtures to be transferred from one make of 
machine to another of the same size. Should it happen 
to be desirable to use this attachment on a large miller 
or on a planer or boring mill it might be necessary to 
use adapters. These, however, could also be standard. 
Definite T-slots could be assigned to 36-in. and other 
sizes of boring mills, ete., these being determined by 
the experience of the user as well as the maker. The 
exact size, however, is not of so much importance as 
the fact that they be standardized. 

Standard bolt and cap-screw head sizes are a great 
The machine with a single wreneh to fit 
all bolts, tool block, carriage stops, etc., is not often im- 


convellence, 


possible, if it be made double ended, and while it may 
not be advisable to limit design by standardizing the 
size of bolts on a 16-in. lathe, there are probably many 
cases where they might be interchangeable without det- 
riment. Beyond this, the problem becomes increasingly 
difficult. 

There are some who advocate the standardization of 
lathe spindles, bearings and noses, but this seems to be 
treading on dangerous ground as well as being of 
doubtful utility. While there may be cases where it is 
convenient to be able to interchange chucks and face 
plates, these are few and far between in modern manu- 
It may be a convenience in the jobbing 
shop, but it is seldom used elsewhere, and is not to be 
Those 
who have tried know that it is impossible to secure 
really accurate work unless a piece is finished at one 
setting of the chuck, in many cases a special chucking 


facturing. 


considered where accurate work is to be done. 


plate or seat being turned out whenever a new lot is to 
be done. 

Light work does not require a heavy lathe nor will it 
stand the heavy cuts of which the modern lathe is pos- 
sible, so that unless we have standards for light and 
heavy lathes, it would be a hardship rather than a ben- 
efit. The sizes of spindles and bearings should be left 
to the designer and the buyer can select whatever he 
needs. 

After we have considered the standardization of 
parts we can well spend a few moments on the question 
of names of machines and parts, especially the latter, 
for while many of us believe that the present naming 
of many of our machines is crude if not incorrect, there 
is little confusion caused by mistaking the kind of 
machine which may be meant, either in conversation or 
in writing. But when it comes to parts of machines, it 
is a very different story. Nearly every maker and user 
knows of exasperating delays in supplying and secur- 
ing parts of machines owing to a lack of uniformity in 
names. This often necessitates the writing of several 


w 
‘ 
wee’ 
x 
by 
air 
‘ 
£ 
4 
dq 
“ 
=, 
2 
j 


116 STANDARDIZING 
letters, and with machines standing idle the cost of de- 
lays mounts up into large figures during a year. 

Many manufacturers supply a list of parts of their 
machines and in most cases illustrate the part itself so 
that there can be little difficulty in distinguishing it. 
Unfortunately, however, few shops keep these lists 
where they are handy, and when it becomes necessary 
to send for a repair part they designate it by the terms 
used in that locality for similar pieces, as is very nat- 
ural. 

A little attention in the naming of machine parts 
would obviate much of this difficulty. It is a process of 
education, and if we will begin by naming parts accord- 
ing to the service they perform, much difficulty can be 
eliminated. This is already done to a considerable ex- 
tent, as in the use of such terms as “‘ lead ’’ screw, 
** feed ’’ rod, and similar names. Such names, how- 
ever, as ‘‘ cat head,’’ ‘*‘ tumbler gear,’’ ‘* planer 
harp,’’ ete., form a separate language which must be 
learned the same as Sanskrit or Esperanto. 

Another example of confusion in this way is the 
naming of the handles by which a turret slide is ad- 
vaneed to the work. This is commonly known as a 
pilot wheel on account of its resemblance to the wheel 
used by a pilot in controlling the course of his vessel. 
In some parts of the country, however, it is known as 
a ‘‘ turn-stile ’’ and a spider,’’ although the latter 
name has a very different meaning to most of us. 

If we could devise some means of designating the 
machine parts by the work they perform without hav- 
ing the names too cumbersome, it would seem as though 
the matter might be simplified, and at the present time, 
this appears to be more important than the naming of 
the machines themselves, however badly they may be in 
need of a more rationa! designation. 


Another field of standardization that promises im- 
portant benefits to the user is that of the electric motors 
designed to be applied to machines. At present, there 
is no uniformity in speeds, powers and general dimen- 
sions. Thus it is practically impossible to design the 
details for attaching a motor to a machine until the pre- 
cise specifications of the particular motor to be used are 
obtained from the motor builder. <A great benefit 
would be conferred upon all motor users if the follow- 
ing points could be standardized : the voltage and speed 
for direct-current motors from, say 1% to 50 h.p., the 
voltage, cycles and speeds for alternating-current mo- 
tors for the same range of power, the outline of the 
feet with the location of bolt holes, the diameter of the 
armature shaft, size of keyway and distance from shaft 
shoulder to center of figure of motor, the distance from 
the center of the shaft to the bottom of the feet, and the 
general clearance dimensions for the outside of the 
motor. In 1910 these details and others were consid- 


ered by a committee of the National Machine Tool 
Builders’ Association, codperating with a similar com- 
mittee of the Association of American Motor Manufac- 
turers. A number of features were recommended, but 
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these have not been put into effect. Meanwhile, motor 
users are subjected to annoying delays and difficulties 
in applying motors to machines. 

It must not be thought that the standardization of 
machine details is a difficult matter. It is much more 
difficult in theory and in consideration than in adop- 
tion and application. Some ten years ago, the United 
Shoe Machinery Company established a department to 
standardize details of the 250 or more machines that 
they built at that time. The machines under consider- 
ation had been built over a period of 36 or 40 years by 
a large number of different designers in many different 
shops. Thus uniformity did not exist there. In fact, 
it is safe to say that there was less uniformity in regard 
to general details of these machines than will be found 
among the details of machines of the same general 
class built to-day by representative manufacturers. 
For a generation, shoe machinery had been leased on 
royalty to the shoe manufacturer, and the machinery 
building company was under obligation to furnish 
spare parts. Thus, changes in detail of necessity miglit 
interfere seriously with a well-established business. 
However, the advantages for standardization were so 
great, that the possible disadvantages were overweighed 
and the work started. It was carried through to com- 
pletion during a period of about a year, and, although 
at first some little confusion and difficulty occurred in 
furnishing spare parts to old machines, these diffieul- 
ties rapidly disappeared and the advantages of uni- 
formity became apparent. 

Standardization must undertaken in a 
weak-kneed fashion. It must be approached courag- 
eously, with the exercise of good judgment, but an ap- 
preciation that difficulties, if they arise, will be only 
temporary in character. It is far better to have some 
difficulty for a year or two than to hamper the use and 
applications of machines for a generation. Even 
though it is impractical to change the details on exist- 
ing machines that have been on the market for some 
time, the newer details can be employed in fresh de- 
signs, which are constantly being brought out After 
the lapse of a few years, the old order of things has dis- 
appeared and the new is firmly installed with its atten- 
dant advantages. The attitude should be one of attack 
when such a problem is presented, attack with the de- 
termination of finding one detail and making that uni- 
form, instead of giving prolonged consideration to the 
possible difficulties and disadvantages. 


never be 


DISCUSSION 


LutHer D. BuRLINGAME (written). I agree with the spirit 
of this paper as to the matter of standardization, for one rea- 
son, because it takes a conservative position that will not ham- 
per and be a check to improvements in machine designing. 
1 believe that the standardization of work-holding capacity 
is desirable and feasible, and would be an entering wedge 
where there could be standardization without any question 
of blocking progress. 
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This could be followed by the standardization of work- 
holding means, another step where it would seem that some 
practical progress can be made. 

I am pleased to see emphasis put on the standardization 
of motors because, while it may seem like asking “ the other 
fellow” to do the standardizing, it is very important, from 
the machine builders’ standpoint, that motors should be 
brought to some uniformity, especially in the provision for 
attaching to machines. 

Referring to the standardization of bolts, nuts, and other 
holding parts that must be adjusted by the wrenches, it 
seems from my own experience more important to stand- 
ardize the wrenches, having as tew sizes as possible on a 
given machine, even where to do so means special bolts and 
nuts. 

1 am also interested in the emphasis that is placed on the 
matter of that is a matter at 
present causing constant trouble, often requiring extended 
It would help 
to bring about uniformity if we had an up-to-date mechan 
The fact that 
taking this matter up is encouraging, as promising results 
for the tuture. 


naming the parts, because 


correspondence to find out what is meant. 


ical dictionary. national organizations are 
Our mechanical press has done much along 
this line in gathering information as to names used and in 
bringing about the use of uniform terms. 

IF. DeR. Furman commended the paper from the edu- 
eational point of view. The names for the same 
fittings used in different sections of the country and such 
odd and peculiar names as those cited by the author, “ cat 
head,” “tumbler gear,” ete., which are almost meaningless 
to the student, all help to block progress by increasing the 
amount of material to be taught and explained. Fixed names 
to designate fixed parts would help in the advancement of 
educational work. 


many 


A. B. Caruart (written). The dark ages when each man- 
ufacturer wilfully chose special threads, special connections 
and special dimensions, are passing. The tendency is now 
ground so that the purchaser may 
freely determine the relative merits of the different products 
offered. 


to meet upon common 


The suggestions in the two concluding paragraphs of the 
paper have undoubtedly appealed to everyone engaged in 
manufacture. Almost every month in the year some piece 
of apparatus is brought up for review to weigh the advan- 
tages and disadvantages involved in a proposition to change 
or to standardize. If it is only a question of nomenclature, 
it can often be settled in the drafting room or by the engi- 
neering staff. I think Mr. Colvin is especially helpful when 
he suggests, at the close of his paper, that there should be 
greater courage in such matters, and that we should avoid 
giving too long consideration to the difficulties and the dis- 
advantages in changes that may seem to be worth while. 

The inclination to name parts by the work they perform 
is a commendable one, and should be extended further than 
we have done in this country, so long as we do not fall into 
the temptation of using words such as some of the com- 
pound German names. I think the greatest influence toward 
such reform lies with the trade papers. Their example will 
assist much in any improvement in this direction, and un- 
doubtedly their influence, in correct usage, is greater than 
ever before in the history of machine tool building. 
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Frev J. MILLer (written). Little can be done toward ob- 
taining standardization of machine construction unless we 
give to the makers of such machines a commercial incentive 
to adopt standards. If we merely read papers and discuss 
the desirability and general loveliness of having standards, 
we shall never bring about their adoption. We must recom- 
mend standards by some authority, so that such standards can 
be known to exist, and so that a designer or producer of any 
kind of machinery who is considering a dimension that will 
affect, either by connection with other machines, or in any 
other way, the matter of standards, can refer to a definite 
standard that has been established; otherwise he may make 
it just enough different to constitute an addition of a new 
variety that could as well have been avoided. 

The Society has a committee on Engineering Standards 
which has been in existence for some time. I do not remem- 
ber how it is constituted, but it seems very desirable that the 
members of this committee should be chosen with a view to 
their acquaintance with the various lines of machines, such 
as engines, motors, machine tools, ete. Then if each mem- 
ber of the committee studies carefully the points pertaining 
to his field and their connection with those in other fields, 
and then, where possible, the whole committee recommends 
a standard for such things as a standard may be applicable 
to, it may lead to good results. 

That method will not in most cases result in immediate 
conformation to such standards, because the various builders 
will have their drawings, patterns, catalogues, ete., and the 
new standard may not come into use except as newly de- 
signed machines may be brought out. 

We have had an interesting experience in the Remington 
Typewriter Company. We have four factories each mak- 
ing one or more different typewriters. We found that no 
attention had been paid to the reduction of the variety of 
screws made for these machines. About 25 to 35 taps were 
used for each machine, each tap differing in size, in pitch, or 
in both, from any other, and no two factories used the same 
form of thread. A committee was appointed to study the 
matter and it found that the commercial incentive, to which 
I have referred, did not exist for making any change in the 
machines already on the market, screws for which were in 
our branch offices all over the world, and stocks of the same 
screws and tools, and gages for producing them, in the fac- 
tories. The investigation did lead to a different practice with 
the newer models, however. When a new machine was put 
on the market about a vear ago or over (sold exclusively in 
Europe) only seven taps were used in the entire machine, 
instead of 35; the seven answered every purpose, and of 
course, there is a very great advantage from the manufac- 
turing as well as from the repairing standpoint—it simplified 
the whole matter. 

When we came to make still another new model, in another 
iactory, we asked that they confine themselves not only to the 
list which our committee had prepared, but that they confine 
the screws to be put in the new machine to screws that were 
already included in the machine we had previously made, 
and that had been on the market for a year or so. They 
found they could easily do that, and used only four different 
taps in that entire machine. These screws conform to a cer- 
tain portion of the list recommended by the committee ap- 
pointed by the society to recommend standards for machine 
screws. 


That is an example of working the thing out where a num- 
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ber of factories are under one ownership and control. 
There is, of course, no such control that can be exercised in 
the general field, but a committee such as we have acting for 
this Society can at least define standards, and call attention 
to them in a way such that when a man is doing a new thing, 
and it is a question of whether he will conform to the stand- 
ard or do something else, he will generally preter to conform 
to the standard. In that way we shall accomplish something 
along the line of standardization. 


JAMES GREEN. There is one point with respect to stand- 
ardization that would greatly help the operator of the 
machine. That is the direction of motion of the hand- 
les for adjusting parts. On one machine the operator turns 
the handle and a spindle will go down; on another similar 
machine he will turn a handle in the same way and a spindle 
will go up, which is confusing to him. Another point is 
with regard to special heads for screws. It is the practice 
of one manufacturer to use the same heads on 
screws of different diameters in so far as it is practicable 
to do so, so that the same wrench may be used on different 
screws and on various machines. 


size 


GitBert S. Waker said he had written a good many 
Government specifications and had a rule that seemed to 
work pretty well in practice. He tried to word the specifi- 
cations so as to let in the regular products of three good 
manufacturers and to keep out as many of the others as 
he could. The reason for three was that the regulations re- 
quire the securing of at least three bids. When there were 
too many bids good articles were less likely to be obtained. 


D. M. Wricut’ considered the standardization of mechan- 


1Secy. and Treas., The Henry & Wright Mfg. Co., Hartford, Conn. 
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ical nomenclature to be closely allied to the matter of stand- 
ardizing machinery, and thought that an investigation of 
the work of the nomenclature committee of the National 
Machine Tool Builders’ Association in this direction might 
suggest to the Society the formation of a similar committee. 
The Nomenclature Committee of the National Machine Tool 
Builders’ Association would be glad to co-operate with the 
Society if this were done. A comparison of the various me- 
chanical magazines of today with those of five years ago 
will show that practically all of them have very materially 
changed their index and their editorial language, and that a 
large number of the advertizers have also changed their ad- 
vertisements to use the preferred nomenclature. The manner 
ot changing seems so simple and results in so much good it 
is hoped that the Society will look favorably upon the for- 
mation of a Nomenclature Committee. 


Tue Avtuor. It is gratifying to note the tendency toward 
standardization as shown by the discussion of the various 
points brought out. The suggestion of Mr. Miller, that we 
must give a commercial incentive toward the adoption of 
standards, is particularly helpful. 
hardly expect to affect the design of machine already on the 
market, but would do much toward 
standardizing new products. 


As he points out. we ean 


a little consideration 


The commercial incentive can best be supplied by the con- 
sumer asking or even demanding products which embody 
such standard dimensions as may be considered good prac- 
tice and recommended by the Society or others. When 
enough consumers in ordering machine serews, for example, 
specify A.S.M.E. standard, serews of this kind will be ear- 
ried in stock by all dealers. 
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STANDARD SIZES OF CATALOGUES 

The Comimittee has made an extensive investigation 
of the various sizes of catalogues in common use, and 
has had correspondence with many paper manufactur- 
ers, printers, advertising agents and makers of filing 
boxes and cabinets, as well as with manufacturers of 
machinery and supplies. The general conclusions it has 
reached may be summarized as follows: 

a There is a universal opinion that catalogue sizes 
should be standardized. It is not necessary to 
give any reasons here for this opinion, as it is 
all on one side. 

b The standard of 6 in. by 9 in. has for so many years 
met with such wide acceptance, probably two- 
thirds of all the catalogues that are now made 
being either that size, trimmed as closely to ex- 
act size as possible, or within '4 in. of it in one 
or both dimensions, that it may be considered as 
too well established ever to be abolished. 

c The 6 in. by 9 in. size is too small for many pur- 
poses, and it is necessary to have for some pur- 
poses a size which is about 8 in. by 101% in. or 
8! in. by 11 in. 

There are objections to having both consid- 
ered as standard sizes, and as there is an in- 
creasing tendency to the use of the larger size 
the Committee recommends that 8! in. by 11 
in. be the standard. Electrotypes 4 in. by 7 in., 
which are commonly used for 6 in. by 9 in. 
pages, may conveniently be used, two on a page, 
on an 812 in. by 11 in. page, but they are too 
large for the 8 in. by 10% in. page. 

The &8'4 in. by 11 in. page folded twice makes 
37s in. by 8'4 in., which is a convenient size for 
a long folder. 

d The 9 in. by 12 in. size has been adopted by a few 
for very large catalogues. While it is generally 
acceptable for technical and trade journals, it is 
rather too large for a catalogue, unless it is to 
be a large cloth-bound book, to be placed on a 
shelf and not filed in a cabinet. It should, 
therefore, not be recommended as a standard for 
common use. 

The following extracts from some of the letters re- 
ceived show the variety of opinions that exist as regards 
the sizes that should be adopted : 

Matthews-Northrup Works, Buffalo, N. Y. Paper stock is 
made in sheet sizes 25 in. by 38 in. Since euts have been 
made and tabular pages set for years to fit 6 in. by 9 in. it 
should prove very expensive for many firms to change. An 
opportunity is afforded by the 9 in. by 12 in. size to run the 
text descriptive matter or tabular panel of sizes and prices 
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immediately under the illustrations on the same page. 


The 
8!» in. by 11 in. size works out in good proportions. These 
three sizes seem to be the only ones that need be planned for. 

Robert L. Stillman, New York. 


catalogues made 61x, in. by 914 in. or 9% in. by 121% in. than 


I suppose there are more 


any other size, because they both cut from 25 in. by 38 in. 

paper which is of standard size, allowing !x4 in. for trim. 
The 33 in. by 46 in. size would make 8'x in. by 11!4 in. 

It might be reduced to 11 in. to get it within the standard 

letter size. 

It would be 

much to the advantage of every one if all catalogues could 


Ticonderoga Pulp & Paper Co., New York. 
be standardized to a certain size. It would be a great assist- 
ance not only to the paper manufacturer but also to the 
dealer and printer, as in that case the dealer could earry in 
stock standard sizes and could supply paper promptly, and 
printers would not then have to wait for paper to be made 
especially. 

Frank Presbrey Co., New York. Sent samples 6*%4 in. by 
934 in. and recommended it as the size used in all standard 
magazines. In reference to letter size, 8! in. by 11 in., if a 
movement be inaugurated which will result in making up to 
this size all catalogues and monthly bulletins a great deal will 
be accomplished, 

Collm Armstrong Adve rtising Co., New York. As far as 
our experience goes 5!» in. by 8 in. is the most convenient 
size. Anything near 8!» in. by 11 in. would in our opinion 
be too large to be handled easily, would be apt to go to pieces 
quickly and probably not be kept carefully by the recipient, 
as would be the case with a smaller book. 

IF’. F. Coleman, Publicity Manager, Lidgerwood Mfg. Co., 
New York. 
filing should be eliminated from consideration, 


All publications except catalogues intended for 
The best size 
for catalogues is 9 in. by 12 in. upright. Personally, 1 would 
abolish the 6 in. by 9 in. size. 

J. Horace McFarland, Harrisburg, Pa. In the nursery 
trade the 6 in. by 9 in. size does not permit such attractive 
illustrations in an economical manner as the growing vigor of 
selling campaigns required, and there is a great disposition to 
get away from anything of a standard size and to make the 
catalogue different. 

Hammacher, Schlemmer & Co., New York, are working on 
a new edition of their catalogue which will be 9 in. by 12 in. 
For a number of years they used 51% in. by 734 in., but it is 
too small for a book of say 1200 pages. For pamphlets ana 
smaller sizes will use 6 in. by 9 in. 

Manning, Marwell & Moore, New York. Books for gen 
eral mechanical goods, both small and large should be 6 in. 
by 9 in. wherever it is practicable. In many cases a larger 
sheet is necessary to take the proper size cut to show impor- 
tant small details. 
We use 
and recommend 8 in. by 101% in. catalogues as standard. The 
width of page is valuable for displaying illustrations and 
tabular matter. Our standard letter paper is 8 in. by 10% in. 
Our standard photographie plate is 8 in. by 10 in. 

The Yale & Towne Mfg. Co., New York. C. L. Redfield, 


Adv. Mgr.—Printed matter may well be any of the following 


General Electric Company, Schenectady, N. Y. 
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sizes for reasons given: 6 in. by 3%, in. tor folders, because 
this size just fits the small Government envelope which is 
still very largely in use among business people; 8 in. by 3!2 
in. for folders and small booklets, because it just fits the No. 
9 Government 2-cent envelope and makes it very easy to use 
such printed matter to accompany correspondence; 6 in. by 
9 in. for small catalogues, as we have been led to believe that 
this is more acceptable to the machinery and other trades; 
8 in. by 101% in. for sheets which accompany correspondence, 
as this is the size of our letter head; 9 in. by 12 in. for our 
more important catalogues, this being the accepted size with 
the paper makers and is carried in stock. 

From a Circular of Advice issued by the American 
Institute of Architects, April 1913, manufacturers are 
earnestly urged to adopt a standard size of 814 in. by 11 
in. for all catalogue matter which they desire an archi- 
tect to keep for reference, this being the size which can 
be most readily filed in the standard letter files of the 
day. For convenience in indexing, it is essential that 
all catalogue matter should be divided into sections, so 
that the sections of different manufacturers treating 
on the same subject may be grouped together. This 
means that only one article should be treated on a 
single leaf, and that no leaves should be bound together 
except where they refer to a single article or variations 
of that article. 

A list of 927 catalogues measured for the Technical 
Publicity Association showed that there were no less 
than 147 different sizes. Dividing the 147 sizes into 
eight groups there are the following: 


3 to 334 by 5 to 9, sixty of which 34 are 31% by 6. 

4 to 434 by 534 to 914, one hundred and twenty of which 21 
are 4 by 6 and 26 are 4 by 7%. 

5 to 534 by 61% to 914, one hundred and eighteen of which 
15 are 5 by 7 and 17 are 5 by 74. 

6 to 634 by 7 to 10%, four hundred and forty three of which 
325 are 6 by 9 and 23 are 614 by 9%. 

7 to 734 by 7 to 11, eighty-three of which 20 are 7 by 9 and 
17 are 7 by 10. 

8 to 834 by 91% to 12, sixty-four of which 15 are 8 by 101% to 
11, and 16 are 81% by 101% to 111». 

9 to 934 by 1014 to 1214, thirty-three of which 17 are 9 by 12. 

10 to 11 by 11 to 14%, six. 

The first four groups contain 80 per cent, and the 
last four groups only 20 per cent of the whole number 
of catalogues. 


RECOMMENDED SIZES 


Inches 
Folders: 
Bulletins and large catalogues, standard............ 8'5x11 


In addition to the recommendation as to sizes the 
‘Committee would also recommend the following: 

.a For paper covered catalogues intended to be per- 

manently filed, the edges, including the cover, 


COMMITTEES 


should be trimmed to exact size. No fancy 
deckled edge or dark tinted paper should be 
used. 

b Overlapping edges of the cover are permitted when 
the catalogue is bound in covers stiff enough to 
support its weight in boards or heavy card 
paper. 

c The title should always be printed on the exposed 
back of the catalogue whenever possible, for the 
purposes of identification. When the book or 
catalogue stands on its lower edge the title 
should be read from the top downwards, as in 
Fig. 1. 

d Every eatalogue should have a date on its title page. 

e <A standard size index card 3 in. by 5 in. should be 
enclosed in each catalogue, with the title of the 


Exposed Back 
and Hinae 


Cover 


Back Cover.--" 


Fia. 1 SHOWING ARRANGEMENT OF TITLE ON Back or Book 


book and a brief statement of the character of its 
contents printed on it. 

Catalogues, extra large, and technical press. ..... 
Transactions of societies, pamphlets, etc.......... 6x9 
PAPER BOXES, DRAWERS AND VERTICAL FILING CABINETS 
(Inside Measurements) 


lor 6 in. by 9 in. catalogues, pamphlets and 


9 in. by 12 in. papers folded once......... 64x 9% 
Paper boxes and drawers for larger sizes... .914x12% 
Vertical files for large sizes............... . 10x12% 


Fig. 2, which gives a clear idea of the relation of 
these several sizes to each other is drawn to scale, show- 
ing them superposed. 
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FILING BOXES AND CABINETS 


Jesse Jones Paper Box Co., Philadelphia, Pa. A box that 
will hold a sheet 815 in. by 11 in. is by far the most in de- 
mand. 
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Fig. 2. Revation or CaTaLoGcue Sizes 


Various makers of filing cabinets give the following 
sizes, in inches, of drawers (inside measurements) : 


Correspondence files, 9% by 119/16, 10 by 12, 10% by 
1214, 107/16 by 12. 

Legal cap files, 975 by 145, 912 by 15, 1012 by 1514. 

Invoice files, 712 by 94, 734 by 934, 8 by 10, 814 by 
101/16. 


The 97¢ in. by 11 9/16 in. is too short to take a 9 in. 
by 12 in. paper. There seems to be no reason for mak- 
ing the height more than 10 in. as no letter paper is 
over 814 in. wide. A size of 10 in. high by 12% in. 
wide would seem to be the best for all large-size cata- 
logues. It would hold two 6 in. by 9 in. side by side, 
although the filing of 6 in. by 9 in and 9 in. by 12 in. 
papers, together in the same drawer is objectionable, as 
the smaller sized papers have a tendency to lap over on 
each other and thus to occupy more space than they 
should. The extra inch in height gives ample room for 
division cards and tabs. The legal cap and the invoice 
files are not suitable for any of the standard sizes of 
catalogues. 

A size suitable for the 6 in. by 9 in. catalogue does 
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not appear to be in the market. If one were made with 
drawers about 61% in. by 9%4 in. it should have a ready 
sale. The drawer would be more easily handled than 
the 10 in. by 1214 in. size. 
Respectfully submitted, 
Wa. Kent, Chairman 
J. R. 


M. L. Cooke 

W. B. Sxow 
October 25, 1913. 


Committee 


STANDARDIZATION OF PIPE THREAD 
GAGES 


The purpose of the Committee on Standardization 
of Pipe Threads has been to fix manufacturing limits 
for the use of the Briggs standard pipe thread gages 
when tapping fittings or flanges, so that pipe cut to 
the Briggs standard might always enter a definite 
number of turns. Although the Briggs standard is 
used almost universally for pipe threads in the United 
States, the method of its use for female threads has 
not been established, in that no determinations have 
ever been made of the standard depths to which hand 
plug gages should enter. This has resulted in much 
confusion in the past, inasmuch as pipe threaded to 
the Briggs standard is liable to vary in the number of 
threads it would screw into fittings tapped at different 
shops. This tendency is so marked that pipe fitting is 
handled in practically all cases by sending the flanges 
to the shop where the pipe is being cut, in order to 
be sure of satisfactory results. 

This matter is conceded to be a simple one in that 
all it requires is an agreement among the manufac- 
turers of fittings as to the point at which a ring should 
be attached to the gage, to establish, when the gage is 
inserted by hand, the proper depth of the thread. To 
this end the committee has met in conference with 
representatives of the manufacturers and also of the 
committee of the Society on International Standards 
for Pipe Threads. C. A. Olson, Chairman of the 
Manufacturers’ sub-committee on Pipe Thread Gages, 
stated at this meeting that his committee had made a 
study of present practice among the various manufac- 
turers and had adopted tentative definitions of the 
gages to be used, of the proposed thickness of ring 
gages acceptable to the manufacturers, and of the 
tolerances to be allowed. These he submitted as fol- 
lows: 

The gages shall consist of one plug and one ring gage of 
each size. 

The plug gage shall be the Briggs standard pipe thread as 
adopted by the manufacturers of pipe fittings and valves, 
and recommended by The American Society of Mechanical 
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Engineers in 1886. The plug is to have a flat or notch indi- 
cating the distance that the plug shall enter the ring by hand. 

The ring gage is to be known as the American Briggs 
standard adopted by the Manufacturers’ Standardization 
Committee in 1913, and recommended by The American 
Society of Mechanical Engineers, the Committee on Inter- 
national Standard for Pipe Threads, and the Pratt & Whit- 
ney Company, manufacturers of gages. The thickness of the 
ring is given in the following table. It shall be flush with 
the small end of the plug. This will locate the flat notch on 
the plug flush with the large side of the ring. 


Fic. 1 or anp Rina 
ApoPpTED THICKNESS 


Pire SIzeE oF RinG GaGE A 


0.200 
0.240 
0.320 
0.420 
0.682 
0.766 
0.937 
0.958 
1.063 
D 1.130 
1.210 
1.360 
BD 1.687 
1.812 
2.000 
2.125 
2.250 


REMARKS 


The table above indicates the dimensions of the ring 
gage A shown in Fig. 1, which are the figures adopted by 
the Manufacturers’ Standardization Committee. 

In the use of the plug gage shown in Fig. 1, the notch on 
the plug is to gage, and one thread large or one thread small 
must be the inspection limits. 


In the use of the ring gage, male threads are to gage when 
flush with small end of ring, and one thread large or one 
thread small must be inspection limits. 

After consideration of the matter by the entire com- 
mittee, it was voted that the table of sizes and toler- 
ances submitted be approved as above, by the joint 
committee, and that there be deposited with the 
Bureau of Standards at Washington, D. C., a set of 
gages to be known as the American Briggs Standard 
for Pipe Threads, the expense of the manufacture of 
these gages to be provided for at a conference between 
the Manufacturers’ Committee, the Bureau of Stand- 
ards, and the Pratt & Whitney Company. 

Respectfully submitted, 
E. D. Meter, Chairman ) 
Grorce M. Bonp 
A. M. Hovser 
J. C. MeLoon 
CHARLES A. OLSON 
Peter C. Patrerson 
Henry G. Srorr 


Committee on the 
Standardization of Pipe 
Thread Gages 


STANDARD THREADS FOR HOSE 
COUPLINGS 


REPORT OF SUB-COMMITTEE ON FIRE PROTECTION 


In considering the problem of the adoption of a hose 
coupling thread, it became a question whether to advise 
specifications which would show the extreme of mechan- 
ical strength without reference to the preponderance 
of designs of a less theoretical value in general use, 
or to seek for the introduction of a threaded coupling, 
the characteristics of which would most closely accord 
with the majority class, and at the same time prove 
to be an intermediary of such capacity as to accom- 
modate itself to interchange with a large proportion of 
couplings not exactly conforming to its dimensions. 

Accepting the latter method of procedure as prom- 
ising the widest measure of success, a committee of 
the National Fire Protection Association undertook a 
special investigation of existing conditions, using the 
report of a special committee under C. A. Landy, 
chairman, in 1891, as a basis. After securing addi- 
tional data they became convinced of the practical 
value of the specifications named in that report, and 
submitted as a standard coupling for 21%-in. hose, 
one showing a diameter of 3 1/16 in. over male end 
thread with 714 threads to the inch, by the use of 
which it was practically demonstrated that couplings 
ranging in outside diameter from 3 1/32 in. to 3 5/64 
in., with either 7, 714 or 8 threads to the inch, could be 
so modified as to couple-up in service with this sug- 
gested standard, and thus render over 70 per cent of 
the 214-in. couplings known to be in use, conformable 
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to the proposed standard at small expense as to time, 
money or labor. 

In elucidation of the essential features of this stand- 
ard it was deemed wise to formulate specifications 
covering 21%, 3, 314 and 414-in. hose couplings, the 
inside diameters of which were to be in conformity 
with the sizes named, specific details relating to each 
of the standard sizes being shown in the printed speci- 
fications as follows: 


SPECIFICATIONS FOR HOSE COUPLINGS 


Inside diameter of hose, 


214 3 3% 4% 
Number of threads per inch i 6 6 } 
Male Couplings 
Outside diameter of thread 
finished, inches....... 3 1/16 35% 414 534 
Diameter at root of thread, 
2.8715 3.3763 4.0013 5.3970 


Clearance between male and 

female threads, inch.. 0.03 0.03 0.03 0.05 
Total length of threaded 

male end, inches..... ] 114 11% 13% 


The above are to be of the 60-deg. V-thread pattern 
with 0.01 in. cut off the top of thread and 0.01 in. left 
in the bottom of the valley in 214-in., 3-in. and 314- 
in. couplings, and 0.02 in. in like manner for the 414- 
in. couplings and with 14-in. blank end on male part 
of coupling in each case. Female ends are to be cut 
1, in. shorter for endwise clearance, and they should 
also be bored out 0.03 in. larger in the 2% in., 3 in. 
and 314 in. sizes, and 0.05 in. larger in the 41% in. size 
in order to make up easily and without jamming or 
sticking. 


SUGGESTIONS FOR CONVERTING NON-STANDARD COUPLINGS 
FOR SERVICEABLE INTERCHANGE WITH THE 
NATIONAL STANDARD 


The fact that the National Standard has received 
the unqualified approval of all the leading organiza- 
tions concerned with water supplies and fire depart- 
ments, forms a strong argument for its early adoption 
in all localities. In order to demonstrate that the 
question of expense in changing over to the standard 
is less serious than is often imagined, the following 
suggestions, contemplating a gradual change from 
non-standard to full standard equipment, are sub- 
mitted in the belief that the comparatively light cost 
of such a procedure should not delay so important 
and beneficial an improvement in any town or city. 
These suggestions are intended to apply to the period 
of transition which must of necessity precede complete 
standardization. 

Considering first the 214-in. hose couplings and 
hydrant outlets in general use, we suggest that: 

a Contracts for new hydrants should specify 
that the nipples be equipped with the Na- 
tional Standard Hose thread. 
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b Existing hydrant nipples should be replaced 
by standard nipples. This may readily be 
accomplished at comparatively small ex- 
pense through the use of a special device 
or tool now on the market; or as a less sat- 
isfactory method, the nipples may be 
equipped with adapters having standard 
thread on the outboard end. These adapt- 
ers should be fastened in position so as not 
to be readily removable. 

c Fire engine nipples should be provided with 
adapters having standard thread on the 
outboard end. These should be secured in 
place so as not to be readily removable. 

d In many cities and towns where the 214-in. 
hose couplings, as well as the nipples on 


NATIONAL STANDARD HOSE COUPLING 
INSIDE DIAMETER OF HOSE COUPLING..................25000, 6 3500 


BLANK END OF MALE PART... 0.2500, 06350 
OUTSIDE DIAMETER OF THREAD FINISHED...... 3.0625 77766 
OIAMETER OF ROOT OF THREAD......................- 26715 72936 
CLEARANCE BETWEEN MALE ANDO FEMALE THREADS. 0.0300 0 0762 
TOTAL LENGTH OF THREADED MALE END............... 1.0000| 25400 
NUMBER OF THREADS PER INCH......... 7% 


PATTERN OF THREAD. pcvece 
CUT OFF AT TOP OF THREAD... 0.01 OF AN INCH 
LEFT IN BOTTOM OF VALLEV..............0.01 OF AN INCH 


FEMALE ENO TO BE CUT 0.125 OF AN INCH SHORTER THAN 
MALE ENO FOR ENOWISE CLEARANCE ——7 
22225 Cm | 
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2% SIZE (6.3500 Cm) 


Fic. 1 Dertatts or 24-In. CoupLine 


hydrants and fire engine outlets, show 7, 
744 or 8 threads to the inch, wide varia- 
tions occur in outside diameter over the 
thread of the male end of the couplings. 
If such variation does not exceed 1/32 in. 
below 3 1/16 in. (equaling 3 1/32 in.), or 
if the variation does not exceed 1/64 in. 
in excess of 3 1/16 in. (equaling 3 5/64 
in.), it becomes feasible to render both 
male and female couplings adaptable for 
interchange with the Standard 214-in. hose 
couplings (measuring 31/16 in. outside 
diameter on the male end and 71% threads 
to the inch) by the use of an adjustable 
tap for the female end of the coupling, or 
an adjustable die for the male end of the 
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coupling, either tap or die having the same 
number of threads to the inch as the coup- 
ling or nipple to be treated. 


NATIONAL STANDARD COUPLING 


INSIDE DIAMETER OF HOSE COUPLING..... ........... 
OUTSIDE DIAMETER OF THREAD scents 
DIAMETER OF ROOT OF THREAD... 


TOTAL LENGTH OF THREADED MALE END... 
NUMBER OF THREADS PER INCH. ay 


PATTERN OF THREAD..................... 60° V 
CUT OFF AT TOP OF THREAD.............. 0.01 OF ANINCH 
LEFT IN BOTTOM OF VALLEY............. 0.01 OF AN INCH 


FEMALE ENDO TO BE CUT 0.125 OF AN INCH SHORTCR THAN 
MALE END FOR ENOWISE CLEARANCC. 


2.8575 Cm. 
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3° SIZE (7.6200Cm) 


Fic. 2 Detams or 3-Ix. Coveiine 


Any deviation within the limits named may 
readily and cheaply be overcome without 
the removal of couplings from the hose or 
of the nipples from the hydrant or engine. 
It may be well to emphasize the fact that in 
adapting the 7 and 8 thread coupling to 
interchange with the National Standard of 
71% threads, it is thus intended to provide 
an interim measure to serve until the 
standard has been fully installed, the re- 
duced coupling being discarded as the hose 
wears out, and all new hose purchased to 
be fitted with the Standard couplings, thus 
securing a gradual and inexpensive method 
of standardizing the whole equipment of 
the city. 

¢ Couplings of new hose, whenever purchased, 
should be the National Standard, and speci- 
fications under which new hose is pur- 
chased should always include a clause to 
this effect. 


f Until all hose on hand has been provided with 
standard couplings or has been converted 
as suggested on the preceding page, a suf- 
ficient number of adapters should be ecar- 
rie on each hose wagon, so that the uncon- 
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verted hose can be coupled up with the 
standard outlets of hydrants or fire en- 
gines. 

g In view of the faet that 3-in. hose is coming 
into more general use, it is deemed advis- 
able that such hose should be fitted with 
couplings having threads which 
conform to those on 214-in. hose already in 
use. 

It is believed that the total expense involved in a 
complete change from existing to standard conditions 
will not exceed the cost of the operations deseribed in 
b, c and f, and that no further steps will be needed in 
any city save to order all new equipment of every de- 
scription to be supplied with National Standard 
threads. 

It is of course clear that a similar line of action, as 
noted in a, b, c, e and f, should be followed in the case 
of the couplings and hydrant outlets pertaining to the 
suction hose of the engines. While the eost will be 


NATIONAL STANDARD HOSE COUPLING 
INSIDE DIAMETER OF HOSE COUPLING 
BLANK END OF MALE PART 
OUTSIDE DIAMETER OF THREAD FINISHED 42500 107950 
DIAMETER OF ROOT OF THREAD 40013! 101633 
CLEARANCE BETWEEN MALE AND FEMALE THREADS 00300) 
TOTAL LENGTH OF THREADED MALE END 1.1280! 26575 
NUMBER OF THREADS PER INCH 6 
PATTERN OF THREAD 60° Vv 
CUT OFF AT TOP OF THREAD 0.0! OF ANINCH 
LEFT IN BOTTOM OF VALLEY 0.01 OF AN INCH 
FEMALE ENDO TO BE CUT 0.125 OF AN INCH SHORTER THAN 
MALE END FOR ENOWISE CLEARANCE 


"3 5000) 8 8900 
02500 06350 


—{10.7950 Cm)— 


10.8712 Cn 


———{8.8900 Cm. 


44 


1633 Cm 
r 


SIZE (8.8900 Cm) 


Fie. 3 Detaits or 3}-In. Covupiina 


greater per outlet, the outlets to be thus equipped will 
be much less in number than for the 2'4-in. connec- 
tions. 

While the extremes of diameter in couplings as here- 
in indicated appeal to this committee as being con- 
servatively reliable for the treatment recommended, 
many instances of adaptation have been recorded 
wherein the deviations treated range as low as 3 in. 


= 
‘ 
3.0000] 7.6200 
}3.6250| 9.2075 
|3.3763| 6.5758 
CLEARANCE BETWEEN MALE ANDO FEMALE THREADS. |0 0300 
i — | 
| 
25400(m 
2.8575¢m. 
6350 Cm 
| 
| 
2 


REPORTS OF 
and as high as 3 3/32 in. with satisfactory results in 
service, thus strongly emphasizing the value of the 
** National Standard ’’ as an intermediary or accom- 
modation thread coupling of wide adaptability. 

It is recommended that the Higbee style of cutting 
the thread be adopted hereafter in order to facilitate 
speed in coupling up and in avoiding crossing. 

These specifications, covering the essential features 
for hose couplings and hydrant fittings for public fire 
service, have been agreed upon in joint conference 
with accredited representatives of a number of or- 
ganizations and associations interested in or con- 
They will be known as 
the National Standard, and to date have been adopted 
by the following associations: 

American Public Works Association, American So- 
ciety of Municipal Improvements, American Water- 
International Association of Fire 
Engineers, League of American Municipalities, Min- 
nesota State Firemen’s Association, National Board of 
Fire Underwriters, National Fire Protection Associa- 
tion, National Firemen’s Association, New England 
Waterworks Association, North Carolina State Fire- 
men’s Association, Pennsylvania Waterworks Associa- 


trolling this class of work. 


works Association, 


tion, Virginia State Firemen’s Association. 
Respectfully submitted, 


Joun R. Freeman. Chmn. ) 


E. V. Frencu,. Vier-Chmn. 

ALBERT BLAUVEL'1 

M. Griswoip Sub-Committee on 
H. F. J. Porter | Fire Protection 
T. W. Ransom 


l. Woo! SON 
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NATIONAL STANDARD HOSE COUPLING 


45000/11.4300 
0.2500| 0.6350 
5.7500|14.6050 
5.3970|13.7084 
0.0500] 0.1270 
1.3750) 3.4925 


INSIDE DIAMETER OF HOSE COUPLING.......... 
BLANK END OF MALE PART mii 
OUTSIDE DIAMETER OF THREAD FINISHED. 
DIAMETER OF ROOT OF THREAD 
CLEARANCE BETWEEN MALE AND FEMALE THREADS 
TOTAL LENGTH OF THREADED MALE END 

NUMBER OF THREADS PER INCH 4 

PATTERN OF THREAD — 

CUT OFF AT TOP OF 0.01 OF AN INCH 
LEFT IN BOTTOM OF VALLEY ...0.01 OF AN INCH 
FEMALE END TO BE CUT 0.125 OF ANINCH SHORTER THAN 


MALE END FOR ENDWISE CLEARANCE. 
3.1750 Cm 
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4% SIZE (11.4300 Cm) 
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NECROLOGY charge of the electric installation of the Brooklyn Heights 


CHARLES H. CORBETT 


Charles H. Corbett was born in Buffalo, N. Y., on March 
19, 1842, and was educated in the schools of that city. In 
1858 he entered the employ of the Rogers Locomotive 
Works, Paterson, N. J., as an apprentice. His work was in 
the shop and drawing room, and during the latter part of 
the construction of the U. S. iron clad steamer Keokuk he 

yas employed as assistant superintendent. In 1863 he iden- 

tified himself with the Continental lron Works of Brooklyn, 
of which he was a vice-president at the time of his death 
on January 14, 1914, working up from the position of drafts- 
man to chief draftsman. He had a prominent part in the 
plans for the construction of various gas works throughout 
the East, notably at Boston, Worcester, Salem, Mass., Provi- 
dence, R. I., and the various gas works of New York now 
merged in the Consolidated Gas Company. When the Con- 
tinental Works was incorporated in 1887 he was made second 
vice-president. 

He served the Society as Manager from 1901 to 1904. 


DAVID N. MELVIN 


David N. Melvin, for forty years superintendent and gen- 
eral manager of the American Linoleum Manufacturing 
Company of Staten Island, died in Miami, Florida, on 
January 27, 1914. He was born in Glasgow, Scotland, on 
July 21, 1840, and was graduated from the Andersonian 
University of Glasgow in 1860. For several years he was 
employed by Crawhall & Campbell, as engineer and drafts- 
man, and later designed fireproof buildings and machinery 
for sugar refining mills in Scotland, Cuba and the West 
Indies. He afterwards purchased an interest in a paper 
mill near Oxford, England, which he operated until the 
abolition of the British tariff on paper made the business 
unprofitable. 

Shortly after his arrival in America in 1867 he obtained 
a patent for an improved sectional safety steam boiler and 
later an automatic furnace door and a high-pressure engine. 
He also formed a connection with T. A. Weston of Buffalo, 
inventor of the differential chain pulley, and subsequently 
engaged in the erection of large buildings in the Michigan 
lumber region. In 1873 he became associated with Fred- 
erick Walton, the inventor of linoleum, and erected an ex- 
tensive plant at Long Neck, S. 1., which has grown to be 
one of the largest of its kind. In 1888 when the Walton 
patents expired, Mr. Melvin invented what is known as in- 
laid linoleum, and later wood inlaid, which have since been 
extensively manufactured under his patents. 

Mr. Melvin was a member of the American Society of 
Civil Engineers and of the Richmond County Automobile 
Society. 


WALTER AMBROSE PEARSON 


Walter Ambrose Pearson was born in Putnam, Conn., on 
July 3, 1869, and died in New York on January 25, 1914. 
He was educated at Tufts College, Mass., where he was 
graduated in 1890 with the degree of B.A. Immediately 
afterward he entered the employ of the West End Street 
Railway Company of Boston, which was then going through 
the early stages of electric railway development. Mr. Pear- 
son was employed first as a station operator. 

In 1893 Mr. Pearson went to Brooklyn, N. Y., to take 


Railroad Company, as electrieal engineer, and in 1896 
undertook similar work for the Metropolitan Street Railway 
Corapany of New York. Here he was active in the develop- 
ment of the Lenox Avenue underground electric system, the 
first to be developed in this country. In 1906 he went to 
Niagara Falls for the Electric Development Company of 
Ontario, in charge of the electrical installation and con- 
struction of this company’s power house at Niagara Falls. 

In 1910 Mr. Pearson went to Rio de Janeiro, Brazil, 
remaining tor two years as assistant general manager of 
the Rio de Janeiro Tramway, Light and Power Company. 
Poor health due to elimatie conditions forced his return and 
he became associated with the banking house of Bertron, 
Griscom and Company as consulting engineer, with which 
he was connected at the time of his death. 

He was a member of the American Institute of Electrical 
Engineers, the New York Railroad Club, and the Engineers 
Club of New York, and was prominent in Masonic circles. 


FRANKLIN PHILLIPS 


Franklin Phillips, president of Hewes and Phillips Iron 
Works of Newark, N. J., died in that city on February 9, 
1914, atter a brief illness. He was born in Newark in 1857 
and was a son of John M. Phillips, founder of the Hewes 
and Phillips company. 

Ile was educated in the public schools and at Stevens 
Institute of Technology and Cornell University, graduating 
from the last in 1878, and immediately entering his 
father’s firm, in which he was active up to the time of his 
death. 

Mr. Phillips had a broad reputation as a steam and hy- 
draulic engineer and was frequently called into consultation 
by eminent engineers in relation to large engineering 
projects. He was president of the New Jersey Foundry- 
men’s Association and was actively interested in all civie 
movements that had for their object the prosperity and up- 
building of his city and state. He was a member of the 
Newark Board of Trade and of the Essex Club and was 
quartermaster sergeant of the Essex Cavalry Troop and had 
been major and inspector of small arms of the New Jersey 
Second Regiment of Infantry. 


GEORGE C. SCHOFF 


George C. Schoff was born in Annapolis, Md., on Sep- 
tember 28, 1867, and was educated at St. Johns College 
and at the University of Arkansas, Fayetteville, from which 
he received the degree of C.E in 1889. After his gradu- 
ation he remained at this institution as an instructor and 
assistant professor for several years. 

In 1893 he became associated with J. M. Witham of 
Philadelphia, consulting engineer, as first assistant, re- 
signing in 1895 to enter the Philadelphia sales office of the 
Babeock and Wilcox Company, where he remained until the 
time of his death, January 21, 1914. He represented the 
company in the design of a number of large power plants 
throughout eastern Pennsylvania, Maryland and Virginia. 

Mr. Schoff was a member of the Union League Club of 
Philadelphia. 


ARTHUR PIERCE TRUETTE 


Arthur Pierce Truette was born in Boston, Mass., De- 
cember 28, 1888, and died in Brookline, Mass., on December 
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17, 1913. He was educated in the Allston Grammar School 
of Boston and at the Brookline High School, and was grad- 
uated from the Massachusetts Institute of Technology in 
1910. He acted as assistant at the Institute for one year 
and in August 1911 entered the service of the Goodyear 
Tire and Rubber Company, of Akron, Ohio, as power plant 
engineer, remaining with them until shortly before the time 
of his death. During his brief connection he reorganized 
and doubled the capacity of the company’s power plant. 

Mr. Truette was a member of the University Club, the 
Goodyear Technology Club and the Chamber of Commerce 
of Akron, the Northern Ohio Technology Club, the New 
York Technology Club, and the Appalachian Mountain 
Club of Boston. 


MEETINGS 
MEETINGS IN MINNESOTA 

A meeting of the members of the Society was held in 
St. Paul on January 7, and was made the occasion of a lee- 
ture on the American Railroad Ditcher, by Oliver Crosby. 
The lecture was illustrated by moving pictures and proved 
most profitable and entertaining. 

On February 11 there was a meeting of the Minnesota 
members in Minneapolis, a talk being given by C. L. Pills- 
bury on the Construction and Mechanical Details of the Min- 
nesota State Prison at Stillwater. This was illustrated by 
numerous lantern slides. A discussion followed and Prof. 
Wm. H. Kavanaugh of the University of Minnesota, who 
was in charge of the 48-hour test, gave an interesting report 
with reference to the economy of this plan. 


CHICAGO MEETING, JANUARY 28 


A meeting of the Chicago Section was held in the Hotel 
Sherman on January 28. W. F. M. Goss, Past-President 
of the Society, welcomed the members and guests, and a 
paper on Boiler Tests with Illinois Coal, the Taylor Stoker 
and Four-Pass Edge Moor Boiler being employed, was pre- 
sented by Bryant Bannister of Kewanee, Ill. Prof. G. A. 
Goodenough, Jos. Harrington, J. B. Brydon, R. H. Kuss, 
T. A. Marsh, A. Bement, J. C. Bannister, P. A. Poppen- 
hauser and F. C. Gasche participated in the discussion. An 
abstract of the paper and discussion will appear in a later 
issue of The Journal. 

A banquet preceded the meeting at which there was an 
attendance of 140. 


BOSTON, FEBRUARY 4 


A joint meeting was held at Boston in February by the 
Society in conjunction with the Boston Society of Civil Engi- 
neers and the American Institute of Electrical Engineers, the 
meeting being devoted to the general topic of Recent De- 
velopments and Present Tendencies in Railroad Work. Three 
papers were presented, one devoted to Rolling Stock, by 
Henry Bartlett, general mechanical superintendent of the 
Boston & Maine Railroad; another on Electrical Equipment, 
by Frederic D. Hall, electrical engineer of the Boston & 
Maine Railroad; and a third on Permanent Way, by A. B. 
Corthell, chief engineer of the Boston & Maine Railroad. 

Mr. Bartlett, in the opening paper, confined his remarks 
principally to the development in locomotives in their rela- 
tion to the greatly increased weights of trains and service 


requirements. He traced the development of the locomotive 
from the light eight and ten-wheel locomotives of 20 years 
ago to the powertul and efficient locomotives of to-day with 
superheaters, piston valves, Walschaert valve gear and many 
other refinements. He pointed out the interesting fact that 
the proportionate increases in power and weight of locomo- 
tives have been an important advantage rather than otherwise, 
in that with the increased weight has come provisions for 
more ample heating surface and larger grate areas, enabling 
the locomotive to deliver its rated tractive power with the 
consumption of less fuel. Reference was made to the ten- 
dency in freight haulage toward the use of articulated com- 
pound locomotives, and recent tests were quoted which show 
marked economies resulting from such practice. One of the 
most interesting features of the paper was the reference to 
the recent tests by the Pennsylvania Railroad at its Altoona 
testing plant of Pacific type locomotives, which showed the 
remarkable result of a horsepower-hour delivered upon 16.4 
lb. of water and 2.66 lb. of coal; this has established a record 
and is of interest in contrast to the best record of 20 years 
ago, namely, 27 lb. of water and 4 lb. of coal per h.p-hr. 

Mr. Hall, in discussing electric equipment problems, ex- 
pressed disappointment at the slow growth of heavy electric 
traction and attempted to trace some of the reasons there- 
for. He pointed out that with present developments and 
improvements in steam locomotive operation, the electrical 
system of operation has little to offer from the standpoint of 
economy; it must therefore come from other reasons of ad- 
vantage, such as more satisfactory or more reliable opera- 
tion. The development of heavy electric traction was shown 
to be considerably hampered by the great diversity of opin- 
ion among engineers as to the most desirable method of elec- 
trical operation, the voltage to be used, or some of the other 
important factors in connection therewith. He suggested the 
advisability of some concerted action in regard to standard- 
ization of these elements, possibly in conjunction with the 
American Railway Association. 

Mr. Corthell discussed extensively the general subject of 
track and track work, starting with historical development 
and the tracing constructional and detail changes up to mod- 
ern practice. He devoted much thought to rail design, re- 
ferring to the adoption of standards by the American Society 
of Civil Engineers and the American Railway Association. 
Some experiments upon so-called frictionless rails were re- 
ported and the effect of wear on them in curves noted. The 
paper treated also of rail joint fastenings rather completely 
and also the subject of tie-plates was discussed, in its rela- 
tion to tie preservation. 


ST. LOUIS MEETING, FEBRUARY 4 


At a meeting of the Associated Engineering Societies of 
St. Louis at the Engineers Club on February 4, J. Irvine 
Lyle, manager of the Carrier Air Conditioning Company of 
America gave an interesting lecture on Air Conditioning. 
The paper was discussed by R. H. Tait, Edw. Smith, John 
Hunter, Hans Toensfeldt, H. H. Humphrey, E. H. Ohle. and 
L. C. Nordmeyer. 


PHILADELPHIA MEETING, FEBRUARY 9 


The members of the Society in Philadelphia heid a joint 
meeting on the evening of February 9 with the American In- 
stitute of Electric Engineers at the Engineers Club. A din- 
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ner preceded the professional program at which there was a 
large attendance. 

The subject for the evening was Business Training for the 
Engineer, the speakers being Dr. Alexander C. Humphreys, 
Past-President of the Society and President of Stevens In- 
stitute of Technology, who emphasized in his remarks the 
necessity for familiarity on the part of the engineer with 
business methods, including aceountaney. At Stevens, he 
said, every student was obliged to take a course in the busi- 
ness features of engineering practice, and many, who did so 
under protest, were afterwards willing to acknowledge the 
valuable aid it had been to them. Dr. Humphreys was fol- 
lowed by Theodore L. Jones of the Edison [luminating Com- 
pany of Brooklyn, who spoke extemporaneously. 

The speakers’ remarks were discussed by H. H. Norris, 
Walton Clark, Henry Hess, C. H. Bigelow, G. A. Hoadley, 
H. V. Schreiber, C. V. Wein, W. C. L. Eglin, M. N. Miller. 

CINCINNATI MEETING, FEBRUARY 12 

A joint meeting of the Cincinnati Section and of the En- 
gineers Club was held on the evening of February 12. J. 
Irvine Lyle, manager of the Carrier Air Conditioning 
Company of America, gave an address on Air Con- 
ditioning in which he mentioned the great iniluence of 
atmospheric conditions upon the quality and quantity 
ot the product in textile mills, soap factories, baker- 
ies, printing, lithographic and other industrial plants. 
Many instances were cited in which artificial changes of 
temperature and particularly of humidity had produced a 
direct saving in costs and greatly increased the output, the 
reasons tor the improvement being given in each case. Mr. 
Lyle reviewed briefly the theory of air conditioning and 
explained the use of psychrometrie charts in this connection. 
He gave illustrations of the saving of delicate fabrics in 
large stores by the elimination of dirt from the air sent into 
the buildings for ventilation, the reduction of temperatures 
by the introduction of humidified air and the limits of the 
reduction of temperature possible by this means being illus- 
trated by caleulation. Various washers and automatic 
humidifying devices were shown and their uses illustrated. 

A large number of lantern slides and some apparatus were 
used to illustrate the lecture, and a general discussion fol- 
lowed. About 100 attended the meeting, which was followed 
by a lunch. 


NEW YORK, FEBRUARY 10 
An interesting meeting of the Society was held in New 
York on February 10, under the joint auspices of the New 
York Committee on Meetings and the Sub-Committee on 
Railroads. The paper of the evening, Brake Performance 
on Modern Steam Railroad Passenger Trains, was delivered 
by S. W. Dudley, assistant chief engineer of the Westing- 
house Air Brake Company, Pittsburgh, Pa. The data pre- 
sented are the result of an important series of tests made 
by the Pennsylvania Railroad in conjunction with the West- 
inghouse Air Brake Company, which were carried on for a 
number of months during 1913 with a heavy steel car passen- 
ger train and 40 observers, to determine many points of im- 

portance in the safe handling of heavy trains. 
The tests were divided with a view to investigation of the 
five important factors in train braking separately, as follows: 


(a) The air brake mechanism proper, (b) the foundation 
brake rigging and percentage of braking power that 
can be adopted, (c) the method of application of the 
brakes, (d) the behavior of the brake shoes, and (e) 
the coeflicient of friction between the wheel and _ rail. 
Under (a), the performance of the new type VC air 
brake system with electro-pneumatie control was com- 
pared in all details with the present commonly used type 
PM high-speed brake equipment, and the advantages of the 
improved system studied. The percentage of braking power, 
(b), was studied in its relation to the more efficient action 
of the improved brake system, with a view to considerable 
increase and very material benefits were thereby derived. 
The investigation of the method of application of the brakes, 
(c), Was a comparison of the present single shoe method with 
the clasp-shoe method of brake rigging (two shoes per 
wheel) from which such important advantages are derived. 
The study of the behavior of brake shoes, (d), forms one 
of the most important laboratory investigations of brake 
shoes ever attempted, and brought out much information of 
value. The study of rail friction, (e), was to determine the 
limitations imposed by rail conditions upon braking prac- 
tice and developed many new ideas. The paper as a whole 
created unusual interest and elicited a spirited diseussion, 
which centered mainly around the new electro-pneumatie 
brake system. 


SAN FRANCISCO MEETING, FEBRUARY 10 


A meeting of the San Francisco Section was held in the 
rooms of the Engineers Club of San Francisco on February 
10, the topie of the evening being the Transportation of 
Crude Oil in Pipe Lines. 

E. I. Dyer, engineer-in-chief for the Union Oil Company 
of California, led the discussion by reading a paper pre- 
pared with special reference to experimental work on one 
of the oil pipe lines of his company, to determine the 
various factors influencing the loss due to friction in pump- 
ing oil through pipe lines, and the derivation of formulae 
by which the friction losses could be ealeulated. Mr. Dyer 
demonstrated his results by a series of curves plotted from 
a large number of field observations and combined all of 
the variable factors in one, which he has termed the viscosity 
coefficient. This viscosity coeflicient takes into consideration 
also the element of time, which is an important factor in 
giving the change in the viscosity of the oil as it cools or is 
heated. 

He was followed by Wynn Meredith, Mem.Am.Soe.M.E., 
H. W. Crozier, engineer for Sanderson and Porter, A. C. 
McLaughlin, superintendent of operation for the Kern Trad- 
ing and Oil Company, E. T. Morris, manager of the Asso- 
ciated Pipe Line Company, and A. F. L. Bell, chie® engineer 
for the Associated Oil Company. 

H. T. Cory called attention to the confusion due to the 
many different standards in vogue in the oil fields, with 
special reference to the characteristics of the various types 
of oils. Robert Sibley, A. M. Hunt, and W. F. Durand 
were appointed a committee to investigate the matter and 
report to the Society such recommendations as in their 
opinion should be carried out to correct this condition. 

About 80 were ir attendance, among them members of the 
Student Branck of the University of California. 
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EFFICIENCY OF ROPE DRIVING AS A MEANS OF 


POWER 


TRANSMISSION 


BY E. H. 


AHARA, MISHAWAKA, IND. 


Member of the Society 


ILIS paper deals with a series of tests on transmis- 
T sion of power by rope drives under various con- 
ditions. The efticieney is measured under full, three- 

One 
The test covers drives of 
from one to eight ropes, with centers from 25 to 150 
ft., on both American and English systems. 


quarters, one-half and one-quarter loads. inch 


best manila rope was used. 


Tests also 


the American system, increasing the slack rope tension 
up to 360 Ib. in a 1-in. rope does not appear to decrease 
its efficiency, but rather to increase it if power is used 
in conformity with this tension; but only such tension 
should be used as is necessary to drive the load needed. 
For the rope tested the American system has very much 
more capacity than the English system, and has also a 


Fia. 1 


ARRANGEMENT OF APPARATUS FOR TESTING Rope Drives, SHOWING AN AMERICAN OpeN Drive, 50 Fr. on CentTERS, SEVEN 


Ropes, 4500 Fr. per Min., 155 H.P. 


covered open or straight drives, as well as indirect, or 
up and over drives. 

It was stated that the importance of the tests may 
be estimated from the conclusions deducible from the 
data obtained. They seem to show that the efficiency 
in rope driving is considerably greater at the lower 
speeds than at the higher ones, the dropping off being 
especially noticeable above 4500 ft. per min. of rope 
speed. They also show that the efficiency of a rope 
drive is not materially affected by distances between 
centers up to 150 ft., that the drop of efficiency at 50 
per cent load is comparatively small over that of full 
load, and that if proper care is exercised to have all 
grooves perfect in pitch diameter many as well as few 
ropes can be run on a drive with good efficiency. With 


Abstract of Paper. Published in complete form in the August 1913 issue of 
The Journal of The American Society of Mechanical Engineers, and presented 
at the Annual Meeting, December 1913. Pamphlet copies may be obtained: 
price, 10 cents to members and 20 cents to non-members. 
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higher percentage of efficiency. In general it would 
appear that, where there is a considerable power to be 
transmitted, the properly worked out rope drive gives 
a most efficient and economical method, and where con- 
ditions are favorable to its installation no other known 
method of transmission will so well conserve power 
losses. 

The efficiency as determined includes the losses in the 
rope itself, the friction in the bearings on the driven 
shaft, and the losses due to the inertia of the driven 
wheel and the prony-brake wheel, and, also, in the 
American system the friction of the tension equipment. 
All tests were made to include the friction of the re- 
ceiving shaft and bearings as it was thought this would 
more nearly approximate working conditions and make 
the data obtained of more general application in ordi- 
nary comparisons. All bearings used were of the ring 
oiling babbitted type, and the ropes were all 1-in. ma- 
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EFFICIENCY OF ROPE 


nila rope of best quality, carefully treated with a rope 
dressing to prevent the entrance of moisture and to 
keep the surface in as nearly uniform condition as pos- 
sible. It was found during the test that this was of 
great importance as very slight changes in the rope 
surface immediately affected its capacity and efficiency. 

With the American system a lower efficiency is 
shown on the lower number of ropes. This is un- 
doubtedly caused by the fact that the eight-grooved 
wheel made for testing eight ropes was used for all 
the lesser number of ropes to avoid the expense of mak- 
ing additional wheels with a suitable number of grooves 
for each drive. This together with the weight of the 
prouy brake increased the proportional friction on the 
smaller loads, and is, therefore, a larger percentage of 
the total load in the drive of few ropes. With the frie- 
tion of driven shaft eliminated, limiting the losses to 
those in the rope alone, it is believed the efficiency in a 
single rope would be as great if not greater than any 
multiple thereof. 

In all of the above tests the tension in the slack side 
of the rope was kept as uniform as possible at 180 Ib. 
by means of weighting the tension carriage properly. 
In order to ascertain what tension would give the great- 
est degree of efficiency, irrespective of life of rope or 
wearing qualities, a test was made with the slack rope 
under varying tensions. This is determined on one 
rope because the capacity of the single rope was, under 
the heavy tension, as great as that of the motor, so no 
proper comparison could be obtained on more than one 
rope. 

One of the greatest troubles in rope driving, when 
installed by inexperienced engineers, has been the lack 
of uniformity in pitch of the grooves where many ropes 
were used. This differential in the grooves compels 
slippage of the ropes which not only causes loss of 
power, but also rapidly depreciates the rope, and often 
causes the rope to flop around badly. To test the loss 
of efficiency in this case two wheels 60 in. in diameter, 
of eight grooves each, were made up exactly alike so 
far as could be, and after most careful measurements 
the grooves on either wheel were found not to differ 
more than 1 64 in. in circumference from any other 
on the same sheave, and a test made. The driver was 
then removed, and the pitch diameter of each groove 
made approximately 1/32 in. less than the preceding 
groove so the eighth groove was 1, in. less in diam- 
eter than the first one. Again it was placed on the 
driving shaft and a duplicate set of tests made. In 
this test as the first groove was 1, in. larger in pitch 
diameter than the eighth groove, with the sheave re- 
volving at 160 r.p.m., there would necessarily be a 
slippage in an inelastic band of over ten feet per min- 
ute. The photographs taken of this differential drive, 
shown in the August 1913 issue, are quite illuminating, 
as they show plainly the sag of the various ropes under 
this condition, and how under heavy load they stretch 
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and slip on the grooves of the sheave. The elasticity 
of the rope in this case undoubtedly lends itself to 
aid efficient operation. 

The ** up and over ’’ American drive was tested be- 
cause it is typical of all but direct drives, i. ¢., straight 
from driver to driven, and the difference in efficiency 
between this type and the open drive will serve as a 
basis of comparison where but two additional right- 
angle turns are introduced requiring four additional 
idlers. This test was run on approximately 100 ft. 
centers with a new rope, the same rope being after- 
wards used in the testing of the various English drives. 

In testing the English drives, that proper compari- 
sons might be made, the ropes were all cut to the same 
measured length, and the splices carefully made, so 
that all ropes might be equally tight when applied to 
the sheaves. The movable tower was then carefully 
moved back, the rope being run slowly meanwhile until 
the sag in the rope was approximately the same as in 
the American drive of the same center distance in 
which the slack rope was under a tension of 180 |b. 
This is undoubtedly a higher tension than is used in 
general practice on the English drive system with this 
size of rope, and the capacities and efficiencies shown 
are perhaps higher than are ordinarily attained in 
common practice. The efficiencies, when compared by 
speeds, of the English open drive, show a marked de- 
crease as the speed of the rope increases, falling as low 
as 84.5 per cent at 5500 ft. rope speed. 

The general tendency in all tests made, both Eng- 
lish and American, was corroborative of this tendency 
toward decrease in efficiency as the speed of the rope 
increases. There was, however, a lack of smoothness 
to many of the curves owing, it was thought, to varia- 
tions in rope tension, and perhaps slight changes in 
the surface of the rope due to climatic changes. This 
was very much more noticeable on the English than 
on the American system, the irregularity of the curve 
on the former being affected by the fact that a greater 
load was sometimes attained on a certain speed than 
could later be reached on the next higher speed. 

The efficiency of the English drive, within the limit 
of distances tested, remains practically constant irre- 
spective of center distance; while with reference to 
number of ropes, it increases as does the American for 
the first few ropes, and then remains practically con- 
stant through the additional ones. 

In order to test the effect of tension on the English 
system a comparison was made by moving the receiv- 
ing tower forward 11, ft. after making a series of 
tests, and then making another corresponding series. 
When sheaves with proper English pinch grooves, as 
shown in Fig. 5, were used there was no appreciable 
difference either in power transmitted or in efficiency. 
Greater variations than 114 ft. in center distances 
could not be satisfactorily tried because of the slack 
ropes dragging on the ground. 
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132 EFFICIENCY OF ROPE 

A new rope was used on the American open drive, 
another new one being started with the American ‘‘ up 
and over,’’ which latter was also used on both the Eng- 
lish drives. The time of introducing the new rope is 
mentioned because it was found that a new rope had 
very much less capacity, owing to its low coefficient of 
friction, than the same one had after it had run a short 
time in work, and having less capacity it would usually 
have less efficiency also. The stiffness of the rope when 
it was new also seemed to add friction to the drive 
owing to the bending action in passing around the 
sheaves, which on the test were only 60 in. in diameter. 
With larger main drive wheels, where the rope is not 
bent to so small a radius, the efficiency would undoubt- 
edly be slightly increased over the results here shown. 

The capacities of rope drives are affected by 
variables that no particular attempt is here made to 
state capacity other than in general figures, obtained 
as indicated in the early part of this paper, and used 
merely to have a uniform method of taking the tests. 
In the original paper in the August 1913 issue some 
limiting capacities obtained in the open drives, and 
in the ‘* up and over ’’ drives, are presented in evcves. 
These limiting capacities shown are in no sense to be 
considered as available working capacities, but merely 
as limits reached in driving capacities, the general 
tendency of the whole series being used to form a de- 
cision, rather than any one curve, the practical work- 
ing capacity being much lower than the limits shown. 
It is to be regretted that the power available was not 
great enough to get the larger capacities as so few 
points were obtainable on the American open system. 
Even at the low speed of 2500 ft. four ropes could not 
be made to slip with the 250 h.p. available. 


so many 


ee 


The irregularities of these limiting horsepower ca- 
pacities are caused by many variables, some of which 
are weather, surface conditions of rope, condition of 
rope wheel grooves, etc. In connection with the groove 
in the wheel it was found that if a rope began to slip 
in a groove and warmed it up slightly the coefficient 
of friction seemed to decrease very rapidly, and if a 
limiting test were made under these conditions it was 
invariably much lower than if it were taken just be- 
fore the rope started to slip. As each test had to be 
taken in its scheduled order some of those shown were 
taken at intervals of several weeks. 

As the limiting capacities of the English drive are 
very much lower than the American, it is thought the 
efficiency is likewise affected, the friction in the for- 
mer case being a much larger proportion of the power 
delivered. And again, the English system in order to 
get driving power in the rope, pinches it in the narrow 
groove requiring considerable force to withdraw it 
again. This effort being exerted continuously uses 
up considerable power. The American system, on the 
contrary, uses a 60-deg. groove in which the rope lies 
freely and withdraws without effort. 


DRIVING, E. H. AHARA 
DISCUSSION 
Henry G. Srorr said that the question of etliciency was, 


of course, a very important one, but there was also another 
involved, the question of reliability. He had had a good 
deal of experience in driving high-speed machines with rope 
drive on the European side of the Atlantic, where both sys- 
tems were used. While the American system of continu- 
ous rope was a good deal easier to operate, yet in the case 
of an accident to the rope, the entire rope beeame tangled 
up and something else was broken; whereas with the Eng- 
lish system of separate drives, there was a number of ropes, 
each one separate, and if one rope broke the work was not 
interrupted, so that the question of reliability should also 
be taken into consideration. 

Gro. N. Van Deruoer (written). Why does the efficiency 
decrease as the speed inereases, in both the American and 
English systems? In the American system the slack side 
tension at any speed is equal to one-half the pull of the ear- 
riage plus the centrifugal force due to the speed; while the 
slack side tension in the English system is due to the initial 
tension less the centrifugal tension, and less a decrease in 
tension due to the total elongation of the rope band due to 
its elasticity. Is this due to “skin friction” of the rope 
sliding through the air, or to bending and unbending of the 
rope (either or both of which would indicate a functional 
loss due to speed), or on the other hand, is it caused by a 
change in the coeflicient of friction of the bearings, which 
would indicate that the loss was entirely outside of the rope 
and that a high-speed rope may be as etlicient as a low-speed 
one. This is quite an important point because in the design 
ot many large drives the speed or travel of the rope can be 
made almost anything desired. 

The tests showing the results for different distances be- 
tween centers would seem to eliminate the “skin friction ” 
idea, because the difference in the total length of rope is 
sufficiently marked to make any loss of this kind of any 
amount quite perceptible. In the English system test, the 
slight downward tendeney to the average line is not sufli- 
ciently marked from which to draw any conclusion. 

The tests showing that with the American system the efli- 
cieney at half load is practically the same as at full load, 
indicates that a drive may be designed to take care of occa- 
sional peak loads without a sacrifice in efficiency when oper- 
ating at the average normal load we usually get in practice; 
or, to put it another way, without loss in efficiency when 
meeting a peak load, which, although generally of momen- 
tary duration, may at times be prolonged over considerable 
If this is functionally true of American system 
rope drives in general, it is a most important characteristic. 

The tests covering the efficiency with different numbers of 
ropes with drives of both systems show two important things: 


periods. 


(a) that it is of basic importance that the sheaves be accu- 
rately grooved; and (b) that with properly grooved sheaves, 
drives for large powers, where many wraps of rope must 
be used, will not apparently be accompanied with any loss 


in efficiency. This seems to be quite different from what we 


find with large belt drives where the crowning of the pul- 
leys gives an inherent loss that cannot be entirely prevented. 
A corollary from the above is that the choice between a few 
ropes of large diameter and a good many ropes of small 
diameter is not dependent upon the question of efficiency 
but on other design factors. 
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EFFICIENCY OF ROPE 

The tact that increasing the slack side tension up to at 
least 360 lb. for a l-in. rope increases rather than decreases 
the efliciency is important to both the designer and user. 
No doubt the life of a transmission rope depends very 
largely on the load factor. Still, it is often necessary to in- 
crease materially the load on any transmission due to 
changes in operation, emergency, etc., far beyond that con- 
That this can be done with the 
system simply by increasing the tension weight 


templated in the design. 
American 
and at no greater penalty than a more or less proportionate 
decrease in the life of the rope means great flexibility and 
certainty in getting out production. 

That the efficiency of the so-called up and over drive is 
less than the direct is only what might be expected from 
the greater number of parts. That this seems to be rather 
less marked in the American than the English system is in 
line with the results shown by all the various tests. 

That the coefficient of friction of a new rope is less than 
that of a conditioned one is well known. In the design of 
an English system drive great care must be exercised to have 
the drive amply large to transmit the power desired when 
the rope is new, otherwise full operation cannot be secured 
until the ropes have been conditioned. In designing the 
American system it is not necessary to give any attention 


The de- 


sign should be based on the actual normal running condition. 


to the coeflicient of friction of a new rope at all. 


All that is necessary to do when a new rope is put on the 
drive is to use the proper amount of tension weight to give 
the desired traction and to reduce same just as rapidly as 
the rope becomes conditioned and the coefficient of friction 
rises to the normal point. 

To secure all the advantages that are possible with the 
American system drive the driving and driven shafts should 
be of ample size so that extra tension weight can be used 
whenever desired, otherwise the great flexibility of this sys- 
tem would be unavailable on account of a detail that should 
have attention at the time of designing. 


W. H. Kenerson asked whether the result, outlined in ene 
of the curves, showing that the efliciency dropped with in- 
crease in speed, was derived from the four individual ob- 
servations, or whether the points were the average of a 
If, as the author further showed in another 
curve, the distance between centers did not affect the effi- 
ciency, or in other words, the line drawn through those five 
points was a straight line horizontally, it would be seen that 
if those were individual results only, it could be just as 
fairly deduced from the first curve that the line was hori- 


large number. 


zontal; in other words, the variations due to other causes, 
possibly, would be as much as 4 per cent, as indicated. 


Sevsy Haar (written). Having had occasion to estimate 
the losses of power in rope transmission, I ean cordially en- 
dorse Mr. Ahara’s opening statement. It is difficult enough 
to find reports of actual tests relating to the efficiency of 
belt drives, but there is even less in print about efficiencies 
of rope drive. It was in the course of a search for such 
data that some investigations were discovered which form 
the basis of a paper’ presented at the December meeting 
of the Society in 1910. These tests included a large number 


*A New Theory of Belt Driving, The Journal, Am. Soc. M. E.. De 
cember, 1910, 
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on rope transmission for which the efficiency was carefully 
determined. 

The description of the testing machine of that paper may 
that the 
horizontal, very compact because both driving and driven 


be summarized here in the statement machine is 
shafts are located in the measuring and straining heads re- 
spectively, and electric motors for supplying and absorb- 
ing energy are mounted directly on the shafts. The sheaves 
were specially designed for had diameters 
2500 mm. (98.5 in.), 1500 mm. (59 in.) and 1040 mm, (41 
in.), with 45 deg. V-grooves. 


these tests, 
Pains were taken to have all 
Most of the tests were 
three-strand 


grooves nearly the same diameter. 


conducted on a round manila rope 50 mm. 


(2 in.) diameter, 20.5 m. (67 ft.) long, the rest being taken 
with six-strand, so-called trapezoidal rope, with a sectional 
The 
majority of observations was made on transmission on the 


area approximately equal to that of the round rope. 


English system; the arrangement with endless rope was 
probably not entirely representative of the American sys- 
tem, the automatic adjustment of the tension in the rope 
being lacking. 

The readings for a test included volts and amperes tor 
power both supplied and delivered, rope-speed, rope-pull and 
revolutions. In order to determine the efficiency, however. 
only the electrical readings are required. All electrical, bear- 
ing friction, and windage losses of the testing machine were 
determined and allowed for so that the efficiencies reported 
apply to the rope only. 

Upon this basis the English system showed higher efli- 
ciency than the American. All test results are reported in 
the form of curve-sheets, the efficiency curves of single tests 
being superposed, and, so to speak, enveloping curves con- 
structed from them, from which the upper and lower limit- 
ing efliciencies at any given load or speed may be taken. 
On the English system with a 2-in. round rope, the highest 
efficiency reported is 0.89 to 0.945 at 38 kg. (84 Ib.) effective 
pull per rope for four ropes, and 0.945 to 0.97 at 100 kg. 

220 lb.) for a single rope. Pulleys of like diameters were 
used, while the distance between centers was about 6 m. 
(20 ft.). The tight part of the ropes was on the bottom. 
It was also observed that the use of driving sheaves smaller 
than the driven ones did not affect the efficiency, but when 
Fur- 


thermore, the efficiency decreases with increasing speed, one 


the larger sheave drove, the efliciency was reduced. 


set of values being 0.95 at 13 m. per see. (2550 ft. per min.), 
0.925 at 30 m. per see. (5900 ft. per min.) and 0.90 at 39 m. 
per sec. (7700 ft. per min.). With an endless rope (Ameri- 
ean system) maximum efficiencies as follows were reported: 
0.86 to 0.895 at 55 kg. (121 Ib.) effective pull per rope. 
A particular value with three wraps of rope on pulleys 
5933 mm. (19.5 ft.) apart, 1040 mm. (41 in.) (driver) and 
2500 mm. (98.5 in.) (driven) at a rope speed of 26 m. per 
see. (5100 ft. per min.) is a maximum efficiency of 0.89 at the 
effective pull 50 kg. (110 Ib.) per rope. Practically equal 
values (also carrying capacities) 
whether the tight part of the rope was on top or bottom. 
The initial rope tension was also reported, the most favor- 
able value for the 2-in. rope from the standpoint of effi- 
cieney and smooth running being about 150 kg. (330 Ib.). 
Other interesting observations are the recommendation of a 
maximum rope speed of approximately 25 
(5000 ft. per min.) and the confirmation 


were obtained equal 


m. per sec. 
of the prevalent 
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opinion that with constant initial tension and rope speed 
the efliciency increases with the sheave diameter. 

Although no figures relating to the trapezoidal rope are 
given, it is reported that its efficiency is lower than that of 
the round rope. 

The formulae for calculation of efliciency developed in the 
previous paper were applied to several of the observations 
reported in the paper, but with a disappointing result, be- 
cause in all cases the observed losses were much greater 
than calculation, not taking into account windage losses of 
the driven sheave and brake pulley, indicated. 


Tue AurHor. Answering Mr. Stott’s question as to re- 
liability, there is very little liability of accident from rope 
drives if properly installed, and given even a fraction of 
the attention that other means of transmission require. 

It is common practice by those most experienced in the in- 
stallation of rope drives to safeguard them by placing what 
is called a tell-tale, an electrical device, below the rope where 
a bend is made around the sheave that will, in case the rope 
becomes stranded at all, make an electrical connection and 
either throw out a cluteh stopping the drive entirely or ring 
a gong to notify the engineer so the rope may have imme- 
diate attention. 

If a rope is properly inspected occasionally, should any 
distress appear, it will be observed and then can be re- 
paired at night and never occasion any delay during working 
hours. 

With either English or American methods the freedom 
from delays depends on the care in inspecting. There is but 
one rope to watch in the American system while there are 
many in the English. It is a common occurrence for American 
drives to run three or four years without touching the rope 
at all when properly installed. 

Mr. Van Derhoef raises a hard question: Why is a rope 
more efficient at low than at high speeds? My tests have 
not gone far enough to determine these causes. All the 
tests made, however, covering this long period of time, in- 
dieated in every case that the higher the speed the lower 
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was the elliciency. 1t would take a long series of tests tu 
develop why this is, but there is no doubt of the fact. 

If Mr. Kenerson will reter to the various curves presented 
in the paper, he will see the same general results as he refers 
to so far as the decrease of efliciency as the speed increases. 
This was a general fact shown by a great many tests, and 
is not depending on an isolated test (tests were not made 
below 2500 ft. rope travel per minute). 

The higher efficiency at low speeds is probably not due 
entirely to one cause. Skin friction and rope elasticity are 
possibly factors. The power to drive the sheaves and bend 
the rope at the high speeds may be more, proportionately, 
than at the slower speeds. 

In Mr. Haar’s discussion there are several tests reported 
that would not be considered good practice in rope trans- 
mission work, and therefore have little actual bearing on the 
subject. 

A 2-in. rope would not be effective on pulls of 84 lb. or 
even 220 lb. This would be especially true in the American 
system where 150 Ib. in the slack side for a l-in. rope is a 
common The so-called American system without 
automatic tension adjustment is only a modifieation of the 
English system and would undoubtedly increase the friction, 
as it would add one sheave to the friction load without any 
compensating benefit. It is in no sense an American system 
drive, and would warrant no deductions for the American 
system. 

It is difficult to understand why efficiencies should be 
lower with a large driver and a small driven sheave than 
with a small driver and a large driven sheave. The writer 
made no tests on this point, but was under the general im- 
pression there would be no difference until slipping took 
place, and that this would happen quicker with the small 
driver than vice versa. 

Mr. Haar in applying his formulae to the paper perhaps 
did not take into account the fact that in these tests the 
friction of the driven end was included with the losses in 
the rope itself, thus making the efficiencies much lower than 
they would be in the rope alone. as is usually figured. 
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PROTECTION SESSION 


PAPERS CONTRIBUTED AT THE ANNUAL MEETING BY THE SUB-COMMITTEE 
ON FIRE PROTECTION 


This meeting was a symposium on Fire Protection topics, supplementing a similar session at the spring 
meeting in Baltimore in 1913. The papers read at the Baltimore meeting were devoted to the larger aspects 
of the problem as related to building construction and conflagrations; while at this meeting engineering details 
having a bearing on fire fighting and fire protective methods were discussed. Five papers were presented: The 
Fire Hazard in Turbo-Generators, G. S. Lawler, Boston, Mass.; Extinguishing of Fires in Oils and Volatile 
Liquids, Ed. A. Barrier, Boston, Mass.; Control of Automatic Sprinkler Valves, Fred J. Miller, New York; 
The Need of More Care in the Design and Construction of Elevated Tanks, W. O. Teague, Boston, Mass., 


and Fire Pumps, by Ezra E. Clark, Boston, Mass. 


THE FIRE HAZARD IN 
GENERATORS 


TURBO- 


By G. S. Boston, Mass. 


Non-Member 


The chances of electric generators of the older 
types being seriously injured by fire in the event of 
some part of the insulation failing is slight. Occa- 
sionally arcing will-ignite the insulation at some point, 
but it is seldom that the fire will spread much before it 
is extinguished. This freedom from fire damage is due 
principally to the comparatively low speeds, the ac- 
cessibility of the combustible insulation, and the fact 
that the machines being of large mass per unit capac- 
ity, the insulation is considerably distributed. 

This condition of practical freedom from fire is re- 
versed in the case of generators of the turbo type, for 
when a short circuit occurs in one of them there is a 
great chance that the insulation will be ignited and 
the machine be badly damaged; in fact such damage 
has occurred in a number of instances. 

The chief causes of the increased hazard in the more 
modern type generators are as follows: 

a The volume occupied by this type of machine is 
very much less for the same capacity than that 
of the older types of generators, so that the com- 
bustible insulation is more concentrated and, there- 
fore, much of it is exposed, even to a slight are or 
fire. The covering on the conductors depends 
greatly for its insulating qualities on the presence 
of oils or gums of a highly combustible nature. 
The amount of this combustible insulation on the 
higher voltage generators is naturally greater than 
in the low voltage machines. 

Owing to turbo-generators having only a few poles 

the end connections between slots form a large pro- 
portion of the total length of conductors, in fact 


1Electrical Engineer, Inspection Department, Associated Factory Mutual 
Fire Insurance Companies, 31 Milk Street. 

Presented at the Annual Meeting, 1913, of The American Society of Me- 
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in some designs approximately one-half of the coils 
are outside of the slots. These end connections, 
one-half being on one side of the machine and one- 
half on the other, are exposed to fire, and as with 
a pile of loosely laid sticks, fire will rapidly extend 
from the insulation on one coil to that on the 
others. 

b Owing to these generators being of exceedingly 
large capacity in many instances, (one of 30,000 
kva. capacity now being constructed) an enor- 
mous amount of energy is involved in a short cir- 
cuit, especially at the instant the short occurs and 
as the are is confined in the limited space with the 
combustible insulation, it would seem impossible 
for the insulation to escape being set on fire at 
many points simultaneously. 

¢ The machines are cooled by forcing large quantities 
of air through the spaces between the conductors. 
The large and constantly renewed supply of oxy- 
gen will hasten combustion when it is once started. 

The air is given somewhat of a rotary motion by the 
rapidly revolving rotor which has the ventilating 
vanes on it and consequently fire when started will 
be quickly swept around the exposed insulation. 

d The generators are totally encased with the excep- 
tion of the air inlets and outlets and even these 
in some designs are under the machines. This 
construction prevents access to a fire and much 
valuable time will necessarily be consumed before 
extinguishing agents can be used effectively. When 
the field current is cut off, as is necessary in case 
of short circuit, the only means of bringing the 
rotor quickly to rest is lost and it will continue 
to run for a long time after the steam has been 
shut off. Some machines will run for over an 
hour. This continued rotation is not conducive 
to the quick extinguishing of fire, especially when 
the ventilating vanes are mounted on the rotor. 

In addition to the possible causes of arcing existing 
in the ease of the older types of generators, the turbo- 
generator is subject to momentary large current rush 
at instant of short circuit, even if the short is external 
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136 FIRE HAZARD IN 
to the machine itself, unless means are taken to keep 
the current within safe limits. The heavy rush of cur- 
rent causes mechanical stresses in the conductors, 
which in some cases are severe enough to distort the 
conductors, especially where outside the slots, and to 
injure the insulating covering, resulting in a short cir- 
cuit within the generator itself. In some designs the 
internal reactance of the machines will permit of the 
momentary current rush amounting to 40, or possibly 
more, times the normal full-load current of the ma- 
chines. 

The possibility of the conductors being distorted has 
been reduced in some cases by designing generators 
with sufficient internal reactance, or by providing ex- 
ternal reactance such that the current at the moment 
of short circuit will not be great enough to damage the 
generators. Attention has also been given to support- 
ing the stator end connections to prevent their distor- 
tion. These means have undoubtedly greatly increased 
the safety of the turbo-type of generator from possi- 
bilities of internal short circuit, but in no way tend 
to prevent a fire resulting should an are oceur. 

A short circuit in the rotor will probably not result 
in a severe fire unless under exceptional conditions. 
This is also true if the short circuit occurs inside of 
a stator slot. A short circuit involving a stator coil, 
however, is more apt to occur at the end of the slot 
where the conductors are exposed. 

As asbestos is now used largely for insulating the 
rotor windings and as these windings are well pro- 
tected, it is probable that only in cases of severe fire 
in a machine will the rotor windings be damaged to 
any extent. 

While the generators may be free from fires during 
the earlier portions of their life owing to the proper 
use of reactances which prevent external troubles seri- 
ously affecting the machines, as they get older the 
ordinary causes of breakdown of insulation are lable 
to occur and fires result. Probably in most cases gen- 
erators will not be discarded until some trouble, usually 
in the nature of a short circuit, has occurred at least 
once in each, so that it is reasonable to expect that un- 
less further preventative means are taken, turbo-gen- 
erators stand a good chance of serious damage by fire 
at some time during their life. Although many fires 
have occurred, probably most of them have happened 
during the generator development stage. Generators 
of the turbo type are of such recent production that 
none of them has yet reached a life which could be con- 
sidered old and, therefore, the troubles which can be 
expected near the end of their life by fire have still 
to come. 

Undoubtedly the manufacturing companies have 
given serious thought to the matter of the reduction of 
the fire hazard in turbo-generators and have employed 
all means practical at the present time to this end, but 
there is still very much to be desired. The following 
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several means if taken together would seem to minimize 

the chances of a serious fire: 

a If a suitable material could be found a non-com- 
bustible outer covering could be placed over the 
insulation on the stator end connections. This 
would greatly delay the spread of fire and even 
if no other protective means were taken, would 
undoubtedly prevent much serious damage. 
Where fire extinguishers were used the covering 
would at least hold back the fire until they could 
be brought into play. At present no material 
suitable for such a covering appears to be avail- 
able. 

b Ifa non-combustible outer covering should be put 
on, its advantages would be partially lost in time 
unless the cooling air were freed of the dirt and 
oily vapor liable to be in it. This could be done 
by filtering, as has already been advocated several 
times. 

c Means could be provided for cutting off the air 
supply in case of fire in generators by placing 
dampers in the inlet ducts designed so as to be 
normally held open by fusible links. The links 
could be placed so that they would be quickly 
fused by the heat and allow the dampers to close 
automatically. By reducing the oxygen supply 
to that entering by leakage the action of the fire 
would be slow. 

d Arrangements could be provided for the quick in- 
troduction of carbon dioxide gas into the machines. 
The carbon dioxide could be kept in liquid form 
and piped through valves, expansion tanks, etc., 
to the generators. The valves could be arranged 
to be opened by the closing of the air inlet damp- 
ers so that the gas would be automatically intro- 
duced into the generators. This gas would be very 
effective in extinguishing fires inside the machines 
after the air supply had been cut off. 

The employment of some efficient method of redue- 
ing the fire hazard in generators of the turbo type 
either along the lines mentioned or in some other way 
is important. The value of these generators is great 
and the damage by fire may amount to a considerable 
proportion of the first cost. It is probable that the 
damage is more liable to oceur towards the end of the 
life of the generators, but even then the loss may be 
large, both directly and indirectly. The large central 
stations have reserve units so that the increased dam- 
age due to fire in one of their generators would prob- 
ably not affect the continuity of service, but the in- 
creased time necessary for repairs may be long and 
during this time the reserve capacity will be weakened. 
In the case of industrial plants the longer time needed 
for repairs might be serious. Many manufacturing 
concerns who generate their own current depend on 
only one unit and, therefore, their whole production, 
or a large part of it, would be affected. 
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DISCUSSION 


Bb. G. Lame’ (written). Having been connected with the 
turbo-generator business since its beginning in this country, 
I am naturally much interested in the conclusions drawn 
by Mr. Lawler. In general, his statements can be accepted, 
and about the only criticism which can be made is that he 
does not go far enough in some of his explanations and 
recommendations. The following may therefore be consid- 
ered as a supplement rather than a criticism of Mr. Lawler’s 
paper. 

Two main facts stand out in connection with fire troubles 
in turbo-generators: namely, that the percentage of fires is 
greater in high capacity machines than in those of moderate 
or low capacity; and that fires are relatively much more 
frequent in high voltage machines than in those of low 
voliage. 

As small capacity machines have been in use for a much 
longer period than those of large capacity, the latter being 
ot comparatively recent date, it would appear that if age 
of the unit, or of the insulation, were of first importance in 
causing fires, there should be a preponderance of fires among 
the older and smaller units. But such does not appear to 
he the case, and apparently a principal cause must be looked 
for elsewhere. Presumably this lies in the greater energy 
liberated in the case of a short circuit, together with the 
vastly greater ventilation in the larger units. 

If a short cireuit oceurs in a large unit, the electromotive 
force producing such short cireuit cannot be reduced in- 
stantly by cutting off the excitation from the field, for it 
takes an appreciable time for the field magnetism to die 
down. This is especially the case in the large, solid rotors, 
which are now extensively used in such machines. There- 
tore, if a short circuit, resulting in an are, is established, 
the energy expended may be enormous, as Mr. Lawler has 
pointed out, and, even if the field excitation is very quickly 
cut off, the expenditure of energy may still last for a period 
suflicient to establish a fire in the end windings. Appar- 
ently there is heat enough in such short circuits to “ gasify ” 
the insulating vartushes in the neighborhood of the are, and 
if this condition is once started, it seems to spread rapidly. 

A series of tests was made under my direction to deter- 
mine whether an asbestos taping over the outside of the end 
windings would so delay the combustion that the fire might 
be extinguished without doing any great damage. However, 
these tests showed that when an are is once started, suffi- 
cient to gasify the varnishes, the asbestos-covered coils 
burned about as quickly as the others. 
no encouragement whatever in our tests. 


In fact, there was 


This does not mean, however, that some more effective pro- 
tective covering may not be developed at some future time. 
Attention is called to the fact, however, that present avail- 
able materials, such as asbestos tape, might ultimately rep- 
resent more of a danger factor than a protection, as has 
already been referred to by Mr. Lawler. Some very costly 
experiences have been encountered by electrical manufactur- 
ers in the use of asbestos tape as an outside protecting 
covering in other than turbo-generator apparatus. 

As to the second fact stated, that a far greater percentage 
of fires occurs in high voltage machines, this needs no par- 


ticular amplification. While a low voltage machine might 


'Chief Engineer, Westinghouse Electric & Manufacturing Company, Pitts- 
burgh, Pa. 
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vive as much energy on short cireuit as the high voltage 
machine, yet such short circuits are less liable to happen 
inside the machine. Moreover, the low voltage machine has 
relatively less insulation on its end windings, and therefore 
combustible 
Moreover, the majority of large capacity machines are 


there is less tendency to formation of gases. 
wound for relatively high voltage, and, as stated before, 
the larger percentage of the fires occurs in the larger units. 
Thus the questions of capacity and voltage are so related 
that it is difficult to say whether either one is more respon- 
sible than the other for fire damage. 

As to the effect of age on the fire risk, experience has 
not yet shown definitely that comparatively old machines 
are liable to suffer from a fire to any greater extent than 
This may be due to the fact that old, well baked 
and well dried insulations do not seem to be as readily com- 


new ones, 
bustible as new “ green” insulations. The latter will prob- 
ably generate gases more quickly than the thorouglily sea- 
soned material. Therefore, as far as the insulating material 
itself is concerned, age should probably make the conditions 
no worse. However, accumulations of oil, dust and other 
foreign materials on the end windings, should make the con- 
ditions somewhat worse. 

As to fire protection, Mr. Lawler’s suggestions are to the 
point, and the remedies which he proposes should be effective 
to a certain extent. However, a number of things should be 
taken into consideration in this matter. He suggests, tor 
instance, automatically cutting off the air supply by closing 
the inlet, and thus allowing only the leakage air to pass 
through the machine. This remedy should be fairly effee- 
tive if the leakage can be made small enough. For instance, 
a 20,000-kw. turbo generator unit may have 50,000 to 75,000 
cu. ft. of air per minute blown through it, in normal opera- 
tion; this is vastly more than required to maintain com- 
bustion if a fire is once started. Even if the main inlet pipe 
is very completely closed, there might be a leakage of 
possibly 1 per cent through joints in the inlet valves, in the 
end housings of the machine, and at other points. This 
would mean 500 to 750 cu. ft. of air per minute through 
the machine, which would probably be ample to maintain 
a very damaging fire. 

Furthermore, with even a relatively slight percentage of 
the normal quantity of air leaking into the machine, it is 
obvious that a small amount of carbonic dioxide gas would 
have but little effect. Therefore, the gas would have to be 
supplied either in great volume, or the air leakage must be 
made exceedingly small, in order that the gas may become 
effective. The problem is further complicated by the fact 
that, in some designs of machines, the chambers containing 
the end windings are normally under pressure which resists 
the flow of any extinguishing gases into such chamber, unless 
fed in at the ventilating fan or fans. In one case which I 
have in mind, where a fire occurred in the end winding, an 
attempt was made to introduce gas into the end housing, 
but without success, on account of the high internal pres- 
sure. The only effective extinguisher, in this particular 
case, was the use of a fire hose with the city water pressure 
behind it. This put out the fire, but the damage was almost 
as great as if no extinguisher had been used. 

It should be remembered that the fumes from the fire 
are, in themselves, a good extinguisher, and therefore, if 
these fumes can be kept inside the machine, combustion will 


either be stopped or very much retarded. Therefore, one 
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remedy which has been proposed at times is to not only close 
the inlet in case of fire, but also to close the outlets. This 
may be difficult to accomplish practically, but should be 
fairly effective. 

In the usual turbo-generator, the ventilating fans form 
part of the unit itself, and the ventilating tendency or action 
is present until the machine is shut down. However, in some 
recent machines of very large capacity, separate blowers are 
provided, and where such is the case, some automatic means 
might be provided for shutting down the blower when a fire 
is started in the machine. In such an arrangement, the 
effect of leaks would be very much less pronounced than in 
machines with self-contained blowers. However, a note of 
warning should be sounded in connection with all automatic 
devices which affect or control the ventilation of large turbo- 
generators. I refer to the fact that such devices, if they 
act improperly, may cause the very trouble which they are 
intended to remedy. Large turbo-generator units are so de- 
pendent upon artificial ventilation that they may overheat 
very quickly, and thus cause a fire, in case the ventilation 
is accidentally shut off, even for a short time. Therefore, if 
the fusible links mentioned by Mr. Lawler should act, 
through some defect, to close the inlet passages, or cut off 
the normal ventilation, and this were not diseovered quickly, 
everheating might result. 

Obviously, with such automatic devices, a signaling or 
indicating system should be used, which at once will call 
attention to the fact, when the air supply is cut off. So 
important is the supply of air to such machines under normal 
operation, that it is recommended, where separate ventilating 
fans are used, that these be driven by motors operated di- 
rectly from the machines themselves, so that whenever the 
voltage is on a machine, its blower will automatically be kept 
in operation. One interesting feature in such an arrange- 
ment is that, in case of a short cireuit, either inside or out- 
side the machine, which tends to kill the voltage, it also 
tends to shut down the blower. In this way the power is 
automatically cut off the ventilating fan. 

In conclusion I may say that, at present, the problem of 
protecting such a machine is one of completely closing the 
inlets or the outlets, or preferably both. If power station 
designers would give as careful consideration to these points 
as is given to many other points in station design, the risk 
of fire damage in turbo-generators could be greatly reduced. 


I. E. Movuttrop (written). Mr. Lawler’s paper points out 
some of the inherent defects of modern turbo-generators, but 
I question the value of the remedies he proposes. Modern 
iurbo-generators run at a high rate of speed, the windings 
are as compact as possible, the windage of the machine is 
high and the insulation is quite inflammable; consequenily 
there is a remarkably short interval between the time when 
the disturbance first starts and when the major portion of 
the exposed surface of the insulation is on fire. As soon as 
this takes place, the damage from an electrical standpoint 
has been done. I believe the practical solution of this prob- 
lem is to bring all possible influence upon the manufacturers 
to devise and install non-combustible insulation, and I under- 
stand that there is some prospect of such insulation being 
brought out in the near future. 


Paut M. Lixncotn. Mr. Lawler says that the short cireuit 
current of generators rises, in some cases, to as high as foriy 
times the full load eurrent. Although some turbo-generators 


have a short circuited current as high as that, it is not true 
of the modern turbo-generator. The designs put forth today 
will have a short circuit current of a value of somewhere 
between ten times and twenty times full load. This result 
is obtained by designing the generator so that the inherent 
reactance of the generator windings is higher than it is in 
slow-speed generators. 

There have also been marked improvements in the method 
of bracing the generator winding so as to prevent motion 
under the tremendous mechanical strains that take place 
therein. I believe that I am perfectly safe in making the 
statement that so far as the protection against a mechanical 
stress due to short cireuit is concerned, the modern generator 
does not require the addition of choke coils in order to make 
it safe, as suggested by Mr. Lawler. 

I should like to ask Mr. Lawler whether it is the practice 
of the fire underwriters to insure generator windings against 
fire hazard originating within themselves? It is possible and 
in fact is standard practice, to install generators so that the 
windings can be completely consumed without any great fear 
of the fire communicating to the other parts of the building. 
So that a fire, if it does oceur, may simply destroy the wind- 
ings of the turbo-generator itself, without any great risk of 
its communicating anywhere alse. 


Forrest E. Carputio. It has been suggested that carbon 
dioxide be introduced into the air ducts of a turbo-generator 
for the purpose of smothering a fire, but it seems to me thiat 
it would be more practicable to introduce steam for this pur- 
pose. To do so, it might be convenient to bleed the turbive 
at a point where the pressure is 15 to 30 Ib. gage, and to 
introduce the steam into the air duct through some form of 
diffuser. An equally satisfactory method would be to pass 
steam from a saturated steam line through a reducing valve. 
The control of the steam might be automatic, so that the 
steam would be introduced by the melting of a fusible link, 
in the same manner as is proposed for the closing of the 
damper. I would call attention to the faet that the fusible 
links ought to be placed in the exit duct as close as possible 
to the generator; on this account, it would probably be better 
to have the damper placed in the exit duct than in the inlet 
duct. 


H. G. Rest (written). Having been intimately connected 
for many years with the design and construction of turbo 
alternators, | have found this paper very interesting, and, 
in general, I agree with the views set forth in it. 

It is true that some protection can be gained by the use 
of fire-resisting materials on the end of windings, but we 
must not expect too much from this because most varnishes 
are more or less combustible, and the fire-resisting materials, 
such as asbestos or mica, are too much divided to offer a 
complete barrier against the flames passing through them. 
At one time my attention was called to the fact that a cement 
floor when soaked with oil burns as well as a wooden con- 
struction, and the same holds true of the insulating material 
on turbo-windings. 

It has been pointed out that it is difficult to introduce ay 
inert gas into turbo-generators. This diffieulty could, how- 
ever, be overcome by introducing the gas in front of the 
fan, instead of beyond it, so that it would be drawn in by 
suction. 

Another possible means of protecting these machines is 
to arrange a damper in such a way that it will not only close 
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the inlet, but short cireuit the outlet to the inlet, so that the 
additional air taken in will be air which has already passed 
throngh the generator, and, therefore, has its oxygen con- 
sumed. In European practice, where cotton filters have been 
used universally, there is danger of fire, and dampers have 
lately been introduced. How effective they are 1 cannot say. 
| have constructed dampers in some eases for turbo-genera- 
tors, as long as six or seven years ago, but have not felt 
their utility sufficient to warrant the increased expense ot 
using them generally. 

So great have been the improvements in turbo-generators 
that fires are rare. 
used on this type of machines makes it practically impossible 
for the fire to spread to the building. 


Furthermore, the enclosed construction 


Setny Haar. With regard to non-combustible coverings 
on the windings, it is perfectly feasible to get a non-com- 
bustible insulation, but the trouble is that non-combustible 
materials are usually pretty good heat insulators, and keep- 
ing the heat in his machine is just exactly what the designer 
is trying to avoid, 


A. Titauvevr. Judging from the preceding discussion 
there is a difference of opinion and a lack of real knowledge 
as to how quickly the copper gets hot and how much copper 
is really affected as compared to the whole of the copper. 
Mr. Lawler’s fourth suggestion for the introduction of a 
dead gas indicates that the arcing does not usually imme- 
ditely heat so much copper as necessarily to fry the entire 
machine before the copper could cool. On this assumption 
I would make two suggestions: (a) that a more prompt 
action at a lower heat can be secured by an ether pulse glass, 
or several of them, than by a fusible link or links; (b) that 
chimney flue gas is a good dead gas always available in large 
quantity, for example, as used by the Union Carbide Com- 
pany. The particular details of solenoids, and relays, ot 
dampers, cooling tank, pressure blower, exciting cireuit 
breaker, etc., are a matter of expense and should or should 
not be gone into depending on whether the annual direct and 
indireet losses through these particular fires do or do not 
exceed 20 per cent on the cost of the protective equipment 
necessary to cover all the machines in service. 


Rocer De Worr.’ In view of a recent experience in the 
burning out of a machine, I should like to hear from Mr. 
Lawler as to just how much he thinks the different methods 
suggested of cutting off the air supply and introducing 
earbon dioxide would reduce the damage to the machine. 
As pointed out by Mr. Moultrop, the time element is very 
short and there are a lot of things which might be done if 
there was time to do them, but in actual practice I believe 
the operating force would never get them done. In our 
case the short cireuit resulted in burning off the main leads 
io the machine, and even if the air supply had been shut off, 
or the interior of the machine filled with earbon dioxide, I 
think the damage would not have been very greatly de- 
creased. The amount of heat generated in the machine in 
a very short period of time is so great that the carbonization 
of the insulating material would be carried to quite an 
advanced stage, and although the actual combustion migit 
not take place on the exterior surface, the insulation on the 
windings would be practically destroyed, irrespective of 
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whether there is an atmosphere around those windings which 
would support combustion or not. 


THe 


that there is no experience as yet showing that old machines 


While it may be, as Mr. Lamme states, 


are more lable to fire damage than new ones, it must be 
remembered that but very few turbo-generators can yet be 
considered old. This type of machine has only just passed 
through the development stage and therefore many new ones 
have given trouble, sometimes resulting in fire. In the future 
less trouble may be expected with new machines, but as they 
vet older, the ordinary indication of age, such as short cir- 
cuits, ete., may be looked for. It is reasonable to suppose 
that most machines will not be replaced until one or more 
short cireuits have occurred, and owing to the condition 
pointed out by Mr. Lamme and by myself in the paper, fires 
will probably occur in many instances. 

It is undoubtedly important that means be taken to keep 
air leakage down to an inappreciable amount, so that the 
atmosphere in the machine will not support combustion after 
the carbon dioxide gas is introduced. Some leakage would 
ot course be expected but to offset it, the carbon dioxide gas 
should be admitted in abundant quantities. It is not neces- 
sary that all gas within the generator be carbon dioxide that 
a fire be extinguished, for 1 understand that a mixture con- 
sisting of 25 per cent carbon dioxide and the remainder air, 
The 


exclusion of air and admission of the inert gas are details 
which can undoubtedly be satisfactorily worked out. 


will form an atmosphere in which fire cannot exist. 


Regarding Mr. Lineoln’s question as to the practice of fire 
insurance companies covering damage by fire to electrical 
apparatus when fire starts from electrical causes within the 
apparatus, | cannot answer for all companies, but it is my 
The fact 
that policies do not cover such loss makes it even more im- 


belief that policies very seldom cover such loss. 


portant from the standpoint of the owners of turbo-genera- 
tors that fires be prevented in their machines. 

Professor Cardullo suggests the use of steam for extin- 
guishing generator fires. Steam may have the advantage 
that large quantities will be quickly available, but it has the 
disadvantage that it will thoroughly wet down the windings 
and in the case of old machines it might be diffieult to avoid 
rewinding them, if they are wet down. 

I have recently heard of some experiences which would 
indieate that steam was not as effective in extinguishing fire 
in enclosed places as has generally been thought. Carbon diox- 
ide gas would extinguish fire more efficiently than steam, and 
being dry would not of itself cause injury to the machines. 

In reference to Mr. DeWolf’s question, the methods sus- 
vested in the paper are only to prevent occurrence of, or 
damage by, fire to the machine. They would not have any 
effect on the possible roasting of the insulation by continued 
heavy currents flowing in the winding. Short circuits have 
occurred in turbo-generators many times and probably most 
of them have not resulted in fire damage. It is probably a 
fact that where fire has not resulted, repairs to but a portion 
of the coils have usually been necessary and this would indi- 
cate that only in a small proportion of cases has it been 
necessary to rewind machines, due to a general roasting of 
insulation from the passage of current itself. 

If the operators open the switches within a reasonably 
short time, as has appeared to be true in most cases in the 
past, roasting by current would not occur and it would ap- 
pear well worth while to save the insulation from fire damage. 
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EXTINGUISHING OF FIRES IN 
AND VOLATILE LIQUIDS 


By Epw. A. Barrier,’ Boston, Mass. 


OILS 


Non-Member 


The extinguishing of fires in oils and in most of the 
volatile liquids has always been a difficult problem and 
where fires of this kind occur the results are frequently 
very disastrous. Our most common extinguishing 
agent, water, works rather unsatisfactorily upon the 
majority of such fires, but it is still the only one avail- 
able where heroic measures are required. Compara- 
tively recently, however, there have been two or three 
other materials introduced for use as extinguishers 
which have shown some promise for dealing with these 
fires, and it is the purpose of this paper to discuss these 
materials and the conditions under which they prove 
the most efficient. 

Not all fires in volatile liquids are difficult to handle 
with water. When the liquid is miscible with water 
this extinguishing agent can be successfully used. Ex- 
amples of this kind are denatured alcohol, wood al- 
cohol, grain alcohol, acetone, etc. Where the liquid is 
not miscible with water little or no effect is produced 
except to wash the burning liquid out of the building 
where it may be completely consumed or, if the quan- 
tity of oil is small, possibly to extinguish the fire by 
the brute cooling effect of a large quantity of water 
sprayed upon the fire. Soda and acid extinguishers 
are somewhat more effective than pure water, but even 
they fail under most conditions. The various grenades 
containing salt solutions which were formerly exten- 
sively exploited are of course practically worthless. 

The only principles that can be made use of in extin- 
guishing fires in volatile oils are, (a) to form a blanket 
either of gas or of solid material over’ the burning 
liquid which will exclude the oxygen of the air, or, 
(6) to dilute the burning liquid with a non-inflamma- 
ble extinguishing agent which is miscible with it. 


SAWDUST AND BICARBONATE OF SODA 


To the blanketing type of extinguishers belongs saw- 
dust. Paradoxical as it may seem, ordinary sawdust 
is an excellent extinguishing agent for certain volatile 
liquids, especially those of a viscous nature. <A con- 
siderable number of experiments were conducted in the 
fall of 1912 by the inspection department of the Asso- 
ciated Factory Mutual Fire Insurance Companies, in 
the extinguishing of fires in lacquer and gasolene in 
tanks with sawdust, and the results were surprisingly 
satisfactory. 

The liquids were placed in three tanks 30 in. long, 
12 in. wide and 16 in. deep; 48 in. long, 14 in. wide and 
16 in. deep; and 60 in. long, 30 in. wide and 16 in. 
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deep. The sawdust was applied with a long-handled, 
light but substantially built snow shovel having a blade 
of considerable area. In every case the fires were ex- 
tinguished readily, especially in the two smaller tanks 
which were about as large as any ordinarily employed 
for laequer in manufacturing establishments. 

The efficiency of the sawdust is undoubtedy due to 
its blanketing action in floating for a time upon the 
surface of the liquid and excluding the oxygen of the 
air. Its efficiency is greater on viscous liquids than on 
thin liquids, since it floats more readily on the former 
than on the latter. The sawdust itself is not easily 
ignited and when it does become ignited it burns with- 
out flame. The burning embers have not a sufficiently 
high temperature to reignite the liquid. 

The character of the sawdust, whether from soft 
wood or hard wood, appears to be of little or no im- 
portance, and the amount of moisture contained in it 
is apparently not a factor, so that the 
sawdust when kept in manufacturing 
for a time would not affect the efficiency. 

It was found that the admixture of sodium bicar- 
bonate greatly increased the efficiency of the sawdust 
as shown both by the shortened time and the decreased 
amount of material necessary to extinguish the fires. 
A further advantage of the addition of bicarbonate of 
soda is that it decreases the possible danger resulting 
from the presence of sawdust in manufacturing plants 
since it would be difficult, if not impossible, to ignite 
the mixture by a carelessly thrown match or any other 
ready source of ignition. 


drying out of 


establishments 


Although the efficiency of the sawdust is greatest on 
viscous liquids such as laequers, heavy oils, japan, 
waxes, ete., in the tests referred to, fires were extin- 
guished in gasolene contained in the smallest tank and 
also when spread upon the ground. In larger tanks 
the sawdust or bicarbonate mixture does not work so 
well since the sawdust sinks before the whole surface 
can be covered, whereupon the exposed liquid reignites. 


CARBON TETRACHLORIDE 


In recent years carbon tetrachloride has received 
considerable attention as a fire-extinguishing agent. 
This is due largely to the activity of certain manufac- 
turers of fire extinguishers which use liquids, the basis 
of which is carbon tetrachloride. 

This substance is a water white liquid and possesses 
when pure a rather agreeable odor somewhat similar 
to chloroform. A considerable proportion of the com- 
mercial article upon the market, however, contains 
sulphur impurities which impart a disagreeable odor 
to the liquid. The substance is quite heavy, its specific 
gravity being 1.632 at 32 deg. fahr. It is non-inflam- 
mable, non-explosive, and is readily miscible with oils, 
waxes, japan, ete. When mixed with inflammable 
liquids it renders them non-inflammable provided a 
sufficient quantity is added. Its vapor is heavy, the 
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specific gravity being about five and one-half times 
that of air, consequently it settles very rapidly. As 
an extinguishing agent it operates by both the prin- 
ciples mentioned above, namely, it dilutes the in- 
flammable liquid rendering it non-inflammable, or at 
least less inflammable, and it forms a blanket of gas 
or vapor over the burning liquid which excludes the 
oxygen of the air. 

Although this paper is confined to a discussion of 
extinguishing fires in oils and volatile liquids, it may 
not be out of place to mention that the claims made 
by certain manufacturers producing extinguishers 
which use liquids, the basis of which is carbon tetra- 
chloride, are grossly exaggerated. These preparations, 
none of which is more efficient than carbon tetra- 
chloride, are not the equivalent of the ordinary water 
extinguishers for general use on such materials as 
cotton, wood, paper, oily waste, ete, 

On volatile liquids, oils, ete., carbon tetrachloride 
has, however, shown very satisfactory results under 
some conditions, but the readiness with which a fire 
can be extinguished with it depends to a considerable 
extent upon the skill of the operator and the nature of 
the fire. In tank fires the length of time that the liquid 
has been burning is an important factor, and in such 
cases Where the sides of the tank become heated the 
only way in which the fire can be extinguished is to 
squirt the liquid forcibly at the sides. If the carbon 
tetrachloride is squirted directly into the liquid it is 
much more difficult, if not impossible, to extinguish 
the fire. 

The height of the liquid in the tank is also a very 
important factor. Where the liquid is low the sides 
form a pocket which retains the vapor and aids con- 
siderably in smothering the blaze. When the tank is 
nearly full, however, this condition does not exist, and 
it is then very difficult, if not impossible, to extinguish 
a fire in a highly volatile liquid, such as gasolene ; only 
the most skilled operators are successful in these cases. 
The size of the tank or the extent of the fire if upon 
the floor is, as would be expected, of considerable im- 
portance. In tanks larger than about 28 in. by 12 in. 
more than one extinguisher and operator working at 
a time are necessary to extinguish a fire in such mate- 
rials as gasolene. In one test where a tank 60 in. by 
30 in. was used no less than seven operators were neces- 
sary, and even then it was only with the greatest diffi- 
culty that the fire was put out. 

All of the above remarks apply to carbon tetra- 
chloride in the ordinary one-quart extinguisher as 
generally sold. It is probable that a large extinguisher 
which could throw a large stream would prove more 
efficient, but on account of the great weight of carbon 
tetrachloride such an extinguisher would have to be 
specially designed to make it readily portable by 
mounting on a truck or some similar means. Expelling 
the liquid by means of a hand-pumping arrangement 
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would probably be unsatisfactory, and it would there- 
fore be necessary to force it out in some other way. 

A few systems have recently been installed in which 
an elevated tank containing carbon tetrachloride was 
connected with automatic sprinklers or perforated 
pipes located in hazardous rooms where volatile and 
inflammable liquids are in use. So far as is known 
none of these systems have as yet been called upon to 
extinguish a fire, but there appears to be no reason 
why such a system should not provide excellent pro- 
tection in special cases. In such systems it would be 
necessary to consider the safety of the workmen and 
furnish ready means of escape, since carbon tetra- 
chloride is an anesthetie and where thoroughly sprayed 
through the air as from an automatie sprinkler it 
would probably produce rapid results. 

The nature and effect of the fumes given off when 
carbon tetrachloride is thrown upon a fire is a subject 
which has received a great deal of discussion. When 
the liquid comes in contact with a fire the vapor is 
partly decomposed resulting in the evolution of a con- 
siderable quantity of black smoke which is undoubt- 
edly finely divided carbon. Pungent gases are also 
produced which appear to be mostly hydrochloric acid 
with possibly a small amount of chlorine. Since car- 
bon tetrachloride contains no hydrogen from which 
hydrochloric acid could be formed this substance must 
be produced by the action of chlorine on the gases aris- 
ing from the burning material or upon the moisture 
of the air. 

The fumes of carbon tetrachloride although of a very 
pungent nature do not produce any permanent injury 
under ordinary conditions where the operator ean 
make his escape after he has inhaled all that he can 
stand, but they are a distinct handicap in fighting a 
fire and are one of the objectionable features to carbon 
tetrachloride as a general fire extinguishing agent. In 
large rooms or where a small quantity of carbon tetra- 
chloride is sufficient to extinguish a fire the gases are 
of course less objectionable. 

FROTHY MIXTURES 

Another method of extinguishing fires in oils and 
volatile liquids which has recently been proposed and 
experimented with is that of using frothy mixtures. 
The idea seems like a very promising one and the tests 
which have been thus far reported indicate very satis- 
factory results. The idea was originated and has been 
developed in Germany. So far as is known no experi- 
ments have been conducted in this country. 

The process consists essentially in causing two 
liquids to mix in a tank where foam is produced. The 
tank is made air-tight and sufficiently strong to permit 
of the foam being forced out by carbon dioxide under 
pressure, and the foam is conveyed to the fire by means 
of a line of hose. The exact nature of the liquids has 
not been disclosed, but one of them probably consists 
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of a sodium carbonate solution containing froth-form- 
ing ingredients such as glue or casein and the other 
an alum solution. The two on coming together gen- 
erate carbon dioxide which produces froth. This froth 
is reported to be quite stiff and to shrink in volume 
but a comparatively small amount even after a period 
of half an hour. 

A number of tests were conducted in the winter of 
1912 in Germany ; some of them on a considerable scale. 
In one case as much as 5 tons of crude naphtha in a 
tank was involved, and in another an area of 1300 sq. 
ft. of burning tar was used. In all cases the results 
were reported satisfactory, the fires being extinguished 
in a short time. 

The frothy mixture undoubtedly owes its efficiency 
to its blanketing action in settling upon the surface of 
the burning liquid, thus excluding the oxygen of the 
air, and to the fact that the bubbles of liquid contain 
earbon dioxide which upon bursting produce an at- 
mosphere in which combustion cannot take place. 

According to the latest reports the matter is still 
in an experimental stage, various details regarding 
the form of apparatus, most efficient pressure, and de- 
sign of nozzles being under consideration; but from 
what has already been done it would appear that the 
idea is a very promising one, and that this method of 
extinguishing fires in oils and volatile liquids will 
prove to be by far the most efficient of any that has 
as yet been suggested. 


DISCUSSION 


A. E. Ciuerr. As I understand it, the tank was an open 
one, of rectangular section, which does not represent the 
conditions in which these liquids are ordinarily found. They 
are generally in a closed tank, with a bung-hole of some 
description, and I would like to ask whether any experi- 
ments have been made on such receptacles, and also whether 
experiments have been conducted where the fluid has been 
spread out as it would be if it were spilled over a floor. 


J. Stewart THoMson (written). The author of the 
paper occupies a position in connection with an organization 
insuring sprinklered risks, which makes no recognition what- 
ever of devices for the extinguishing of fires other than by 
sprinklers. His remarks are the result of some tests made 
by him in connection with devices other than sprinklers. 

It is generally known that fires in volatile liquids which 
are not miscible with water cannot be extinguished by the 
application of water. The reason is perfectly apparent; and 
that the way to extinguish a fire in volatile liquids of this 
type is to blanket the flame or to dilute the liquid with a 
non-inflammable extinguishing agent thus cooling the liquid 
to the point where it will not burn. 

The use of sawdust in connection with fires of this char- 
acter is not new. Almost every one has at one time or 
another used a blanket, towel or something similar for the 
purpose of smothering a fire. We all know that sawdust 
will float for a time at least on the surface of the liquid, and 
that if the sawdust is put on in quantity it acts as a blanket. 
As a practical fire extinguishing agent, however, the use of 
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sawdust is not practical. In a large tank of burning liquid 
ot the type described, before the surface can be covered with 
the blanket, much of the sawdust will sink below the surface 
whereupon the exposed liquid reignites. 

As to the use of carbon tetrachloride as a means of extin- 
guishing fires in oils and volatile liquids, there are some 
40 different devices on the market employing this substance. 
Carbon tetrachloride has been found to be remarkably eiti- 
cient; a quart of this liquid contains approximately 149 
As Mr. 
carbon tetrachloride contains sulphur impurities. Its use 
in a metal container results after a period of time in the 
corrosion of the metal. Extinguishers generally employ- 
ing this chemical have not been found to have long life and 
corrosion of the metal results in the clogging of the work- 
ing parts of the extinguisher. 


cu. ft. of fire extinguishing gas. Barrier states. 


These extinguishers have the 
additional drawback of operating by air pressure; it is a 
well-known fact that air cannot be contained over any very 
long period in a metal container with valves, outlets, pet- 
cocks, ete. 

The manufacturers of the Pyrene extinguisher discovered 
the efliciency of carbon tetrachloride as an extinguishing 
agent many years ago, but also that this article is corrosive 
in its action upon metals. It was necessary to alter the 
nature of carbon tetrachloride in respect to this before it 
could be used successfully in a fire extinguisher. They also 
discovered that it was possible to increase the efliciency ot 
the liquid. 

While the claim is not made by the author, the inference 
would be from his paper that carbon tetrachloride is vir- 
tually the same as the extinguishing agent employed by the 
Pyrene Manufacturing Company, in his reference to “ the 
activity of certain manufacturers of fire extinguishers which 
use liquids, the basis of which is carbon tetrachloride.” He 
is probably not informed that one quart of Pyrene will 
generate approximately 33 1-3 per cent more fire extinguish- 
ing gases than carbon tetrachloride; therefore it will cover 
more fire. The one-quart pump-type Pyrene extinguisher 
has been approved by the Chicago Laboratories, Ine., and 
is in universal use throughout the country; is uniformly 
recognized in every state for fires of the type described 
by him, and that its record of efficiency in respect to these 
fires is remarkable. 

In stating that “these preparations, none of which is 
more efficient than carbon tetrachloride, are not the equiva- 
lent of the ordinary water extinguishers for general use on 
such materials as cotton, wood, paper, oily waste, ete., Mr. 
Barrier ignores the fact of the amount of extinguishing gas 
referred to above. Extinguishers of this type are more 
efficient in cotton fires and fires in oily waste, ete., than those 
employing solutions of water. 

In the test where a 60 in. by 30 in. tank was used, where 
it required a number of operators to extinguish a fire of 
burning gasolene, he surely should have had no diffieulty in 
extinguishing a fire in a tank of these dimensions if the 
extinguisher had been properly handled. 

Mr. Barrier concludes that the use of soap-suds, described 
as “ frothy ” mixtures in extinguishing fires in oils and vola- 
tile liquids, will prove by far the most efficient of any that 
has yet been suggested, but statistics will not bear out the 
conclusion. This method has been employed to some extent 


on the Continent and in England for some time and experi- 
ments have also been conducted in this country which are 
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the subject of extensive reports. The progress of extin- 
guishers working on this principle, however, has been incon- 
siderable as compared with the progress of other extinguish- 
ers, and notably, as compared with the progress made by the 
Pyrene extinguishers. 


Henry W. Appterox. I would ask Mr. Barrier what he 
considers the proper proportion of soda carbonate in the 
sawdust, and what effect is produced on the sawdust to 
make it non-inflammable; that is, not only the percentage 
to be used to make it efficient in putting out the fire, but 
also the percentage to be used in rendering the sawdust 
itself non-inflammable. 


Lewis H. Kunuarpvr. Mr. Thompson's statement, that 
the author occupies a position in connection with an or- 
ganization insuring sprinklered risks, which makes no ree 
ognition whatever of devices for the extinguishing of 
other than by sprinklers, needs modification. 
fact. Not only do the mutual com 
panies give credit ier many, and practically all devices which 
are used in extinguishing fires, but all the various sprinkler 


risk 


fires 
It is absolutely 
at variance with the 


throughout the 
country, are continuously studying all these other devices. 


assoclations, underwriters and = others 


Sprinklers are only a part of the fire protection of a piece 
of property. It other devices fail, the sprinklers come in 
and assist, and if the sprinklers should fail, there are the 
lire pumps, hose, ete. All the various fire protection engi- 
neers in the country are studying these problems and details 
thoroughly, and they do not give recognition only to the 
iutomatie sprinkler, although they recognize the value of 
it. and know it to be one of the best fire fighting agencies 
ot today. 


A. Buavvevr. <As just commented by Mr. Kunhardt, 
this paper by Mr. Barrier covers a subject in itself and one 
which is not tied to automatic sprinkler practice. The use 
ot hand apparatus is universal in all branches of fire protec- 
tion practice in preference to waiting for sprinklers to fuse, 
or to waiting for hose, and the greatest success of the pro- 
fessional fire department so far as the majority, or some 
70 to 80 per cent of the fires numerically are concerned, 1s 
accomplished with hand appliances, or usually the carbonic- 
acid gas extinguishers carried on the man’s back as he jumps 
off the hose eart. 

The general scope of hand apparatus is fairly broad, de- 
pending on the combustible to be dealt with and whether 
ceiling as well as floor fires are likely to need extinguish- 
ment. Under its title, the teaching of Mr. Barrier’s paper 
would seem to be that this subject of handling oil or volatile 
or chemical fires is not a mystery. Doubtless, as suggested 
by a preceding speaker, the paper can be bettered by giving 
more detail as to the best proportions for the several useful 
mixtures, but the main thing is that those who will can make 
up effective extinguishing compounds for volatile liquid or 
oil fires, not perhaps of the exact alchemie virtue of the trade 
compounds but probably obtain twenty times the quantity 
at like cost. 


GornamM Dana.’ This paper seems to cover the field re- 
markably well, but there is one point I would like to bring 
up in connection with carbon tetrachloride, and that is the 
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elfeet which the gas might have on metals in the vicinity. At 
a fire some time ago in a garage, an attempt was made to 
extinguish a pail of burning gasolene with these extinguish- 
ers. They not only failed to extinguish the fire, but the gases 
given off were of such a corrosive nature, probably hydro- 
chlorie acid, that the damage done to the metal work on the 
automobiles and in the garage, was more than the direct loss 
from the fire itself. 


I. EB. 


cussion 


CARDULLO. 


that tetrachloride at atmos- 
pherie pressure liberates a volume of 149 eu. ft. of inert gas. 


The claim has been made in this dis- 


one quart of carbon 


A hasty caleulation based upon my memory of the density 
of air gives for the volume of carbon tetrachloride vapor 
liberated from one quart of liquid a value of approximately 
S cu. ft. From the data given by Peabody in his steam 
tables, the volume of saturated vapor liberated at atmos- 
pheric pressure from one quart of earbon tetrochloride is 
9.97 eu. ft. From data based upon the theoretical vapor 
density of carbon tetrochloride the volume of the vapor gen- 
erated from a quart of the liquid at a temperature of 135 
fahr., and a pressure of one atmosphere, is 9.8 eu. ft. 

It may be added that if the gas given off oceupied a vol- 
ume otf 149 cu. ft., it would be so light as to rise in the air 


would 
suggest that, in discussion, our members ought to be exceed- 


and would have no smothering effect upon the fire. 


ingly careful of their facts, and not to quote any figures, 
or to make any statements, of the truth of whieh they are 
not absolutely certain, 


THe AvuTHor. 
the experiments 


Replying to the question of Mr. Cluett, all 


with these materials were tried in open 


containers, since that is the way lacquer is ordinarily used 
in most metal-working plants. 
ally dipped into the lacquer. 


The metal parts are gener- 
No tests were tried on closed 
tanks, and it would be difficult to use sawdust and biecar- 
bonate of soda in such a tank. It might be possible to intro- 
duce carbon tetrachloride under such conditions. One of the 
tests did include a fire in lacquer spread over a wooden plat- 
form which served as a floor, and the sawdust appeared to 
work very satisfactorily in this ease. 

With reference to the comments of Mr. Thompson, I would 
say that I recognize that sawdust as an extinguishing agent 
is not new, but it is not well known, and this fact is shown 
by the experience we have had where this material has been 
recommended to manufacturing establishments throughout 
the country. At first their attitude was one of great surprise 
but after they had conducted a few tests of their own, they 
were very well pleased with the results. This shows that 
even though the idea may not have been new, it was at leas: 
not at all well known and the feature of mixing bicarbonate 
of soda with the sawdust is a new and valuable one. 

It was not my intention to mention any particular com- 
mercial device, but in view of the fact that the Pyrene 
extinguisher has been brought into the discussion, I will 
say that with reference to the matter of the corrosive 
action of carbon tetrachloride, tests were conducted in a 
Pyrene extinguisher with an ordinary garden variety of car- 
bon tetrachloride, the usual commercial article, in which the 
liquid remained in the extinguisher for over a year, but as 
far as could be seen after using a can opener there was abso- 
lutely no indication of corrosion. In certain cases where 
moisture or hydrochloric acid are present, carbon tetrachlor- 
ide does cause some corrosion, but the indications are that if 
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a reasonably pure grade of the material is obtained, there is 
no serious trouble from this source. 

As to the comparative efficiency of Pyrene and carbon 
tetrachloride, a large number of tests were made to compare 
the two liquids when both were used under the same condi- 
tions. As far as a number of unprejudiced observers could 
determine, there was no difference in the efficiency of the two. 
It is true that Pyrene contains a few other substances be- 
sides carbon tetrachloride, among which is a small amount 
of gum, which by the way is combustible, and a small amount 
of nitro benzol which is also combustible; both of these are 
detrimental rather than advantageous as far as extinguishing 
a fire is concerned. 

With reference to the proportions of bicarbonate of soda 
and sawdust, the ingredients are mixed in the proportion 
of about 8 Ib. of bicarbonate of soda to a bushel of saw- 
dust. This proportion does not render the sawdust non- 
combustible but it does retard its ignition. It works in the 
following way: If a spark or any other source of ignition 
comes in contact with the mixture in the vicinity of where 
the bicarbonate of soda is located, the latter becomes heated 
and begins to give off carbon dioxide. This tends to make 
the atmosphere in that vicinity a non-supporter of combus- 
tion and serves to extinguish or retard the fire. 

In reply to the question by Professor Woolson as to 
whether there is any tendency toward caking after the saw- 
dust and the bicarbonate of soda have been standing for any 
length of time, I may say that this feature has been pretty 
thoroughly tested under the worst possible conditions and 
after a period of six or eight months hardly any indication 
of caking could be detected. 


A SYSTEM FOR THE CONTROL OF 
AUTOMATIC SPRINKLER VALVES 


By Frep J. Mitter, New York 


Member of the Society 


Experience seems to have proved abundantly that 
the best of all means of fire protection is the automatic 
sprinkler. In theory, at least, it is supposed to be 
always ready for instant use, and it puts water where 
and when it is needed at the very beginning of a fire, 
before it has had time to assume threatening propor- 
tions, and usually before there is enough smoke to 
alarm the occupants of the building seriously or start 
a panic. 

Every risk covered by the Manufacturers’ Mutual 
Fire Insurance Companies must be protected by auto- 
matic sprinkler heads. It is impressive to note that the 
19 companies, comprising what is known as the senior 
group, carry policies on industrial establishments ag- 
gregating over $2,500,000,000 ; employed in these fae- 
tories there are, as nearly as can be ascertained, about 
2,000,000 people, and so far as known not a single life 
has been lost in any of the buildings thus insured where 
the sprinkler heads were in commission at the time of 
the fire. A few lives have been lost in these factories, 
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but in every such case the fire gained headway because, 
for one reason or another, the automatic sprinklers 
were out of commission at the time. 

But sprinkler heads when once installed must then 
be kept ready for service when needed. Sprinkler 
heads are usually arranged in groups with a supply 
pipe for each group. In each of these main supply 
pipes is a valve by means of which water can be shut 
off from that section when necessary for repairs or by 
reason of the opening of one or more sprinkler heads, 
either in performing its normal service, or by accident. 
These valves cannot be locked open because it may be 
necessary in an emergency to close them as quickly as 
possible. 

These valves introduce an element of danger and 
with this it is the main object of this paper to deal. 


Fic. 1 Sprinkiter VaLveE Open witn Instruction Tac 
ATTACHED 


The inspectors of the Mutual Companies frequently 
find the valves referred to closed, and the sprinkler 
heads, therefore, of no more use than as though they 
had never been installed. 

In an effort to lessen this evil, the Factory Mutual 
Companies occasionally send to their policy holders a 
circular letter on the subject of the danger of closed 
sprinkler valves. In a report, covering the months of 
April, May, June 1912, 72 cases were reported where 
inspectors found such valves closed. In 63 of these 
eases the number of sprinkler heads controlled by the 
closed valves are given, and these foot up to 8274 heads. 
Assuming that the cases in which the number of heads 
is not given would average about the same, this means 
that for this report, covering these months, nearly 
10,000 sprinkler heads were found out of use by reason 
of valves closed when they should have been open. 

In many cases no reason was assigned for the valves 
being closed, which means, we may infer, that the pro- 
prietors did not know how the valves came to be closed. 
It is inconceivable, of course, that they would go to 
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the expense of installing automatic sprinklers and 
other fire protective devices, and then allow them to be 
thrown out of use if they had the organization and the 
discipline necessary to keep such devices always avail- 
able. 

The Remington Typewriter Company owns and oper- 
ates five factories on which it carries in the Mutual 
Companies insurance aggregating about 
$6,000,000. These factories are protected by nearly 
10,000 sprinkler heads, the water supply for which is 
controlled by 84 valves. 


policies 


We have had from the start a system of inspection 
under whieh a watchman at frequent intervals exam- 
ines each valve to see whether or not it is open. If 
found closed, the reason therefor is investigated, a 
report is made and an effort made to prevent a repeti- 
tion of the error. 

kor many years no inspector of the Mutual Com- 
panies had found one of our sprinkler valves closed, 
until about a year ago when one was found. The 
reason revealed by an investigation is probable typical 
of a good many such cases. A mechanic had been mak- 
ing some repairs in a boiler house, over the boilers, and 
under the roof where the sprinklers were. Before go- 
ing up over the boilers he closed the valve controlling 
these sprinklers as a precaution against accidental 
flooding. When he had finished the work he called 
He took it for 
granted that the assistant had done so, but for some 
reason the valve was not opened and the next day the 
inspector arrived. 

To decrease the liability of valves being either closed 
without authority, or left closed when they should have 
been opened, we have devised and have in use in our 
factories the system to be deseribed : 


down to his assistant to open the valve. 


Our sprinkler valves are all numbered and upon each 
valve there is hung a tag as shown in Fig. 1. This tag 
is marked with the number of the valve to which it is 
attached, and, printed upon a tag is a prohibition of 
the closing of the valve without a signed permit to do 
so, except when, in an emergency, or for any special 
reason it must be closed at a time when no permit can 
be obtained, in which case it is to be detached and hung 
upon an indicator board with hook for each sprinkler 
valve. This is as directed by the card itself, and when 
it is done the blanks upon this card must be filled in to 
show by whom the valve was closed, when it was closed, 
and the reason for closing. 

When such an emergency closing of the valve takes 
place, at a time when the person in charge of the indica- 
tor board is away, the watchman or other person having 
access to it goes to the board with the person who has 
closed the valve. Both these men then see that a red 
eard complete but left blank is hung upon the board 
over the card removed from the closed valve. These are 
hung upon the hook numbered to correspond with the 
number of the closed valve. These cards thus hung 
upon this hook are intended to attract the notice of 
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the person having the board in charge, who will, after 
proper investigation, fill out the blanks on the red card, 
hang the lower portion of it on the numbered hook 
corresponding to the closed valve, and attach the upper 
portion to the valve itself, alongside of the instruction 
tag, unless it shall have previously been re-opened. 
In most cases it will be possible to obtain a written 
permit before closing a valve, and in such ease the 
permit is given by the person in charge, by filling in the 
blanks printed upon the red tag (Fig. 3). It is then 


O 
SPRINKLER VALVE 


DO NOT CLOSE THIS VALVE | 
UNTIL A SIGNED PERMIT IS SE- | 
CURED FROM THE WORKS ENGIN- 
EER’S OFFICE, 


EXCEPT 
IT BECOME NECESSARY AT A TIME 
WHEN SUCH PERMIT CAN NOT BE 
GIVEN, 
WHEN 

THE ONE IN CHARGE OF THE 
WORK BEING DONE !S_ INSTRUCT- 
ED TO REMOVE THIS TAG, SIGN, 
DATE AND GIVE REASON- FOR 
CLOSING, TAKE AT ONCE TO THE 
| WORKS ENGINEER’S OFFICE AND 
| PLACE ON HOOK NUMBER OF 
THE SPRINKLER VALVE BOARD. 


| OPEN VALVE AS SOON AS WORK 
WILL PERMIT. 


REASON FOR CLOSING 


DATE | 
| SIGN NAME 


Fic. 2 Tac ArracuEep To Eveny 


VALVE 


INSTRUCTION SPRINKLER 


torn in two at the dotted line, and the upper portion of 
it given to the person applying for the permit, who at- 
taches it to the valve before closing it. The lower por- 
tion of the same red tag is hung upon the hook on the 
indicator board, numbered to correspond with the 
number of the valve. 

The board is fastened to the wall of the room, or 
above the desk of the person having the system in 
charge, who may be the chief engineer, the superin- 
tendent, or one of his assistants, and the red tag hang- 
ing upon the hook is a constant reminder to him and 
a token to all others who may be interested, that the 
valve is closed. During this time the valve itself will 
have hanging upon it the red permit tag, which is a 
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sign and reminder so long as it remains there that the 
valve is closed and that the sprinkler heads controlled 
by it are therefore out of commission. 

It will, of course, be perceived that the main fea- 
ture of this system is the board with numbered hooks, 
which is in plain view of the factory official charged 
with responsibility for the sprinkler valves; a red tag 
upon this board is a danger signal, which means it 
should be taken off as soon as possible, and this can 
be done only by re-opening the valve. The card has 
written upon it the time at which it was expected that 
the valve could be re-opened. It is the business of the 
official having the board in charge, when this specified 
time has passed, to investigate the reason, and if 


(SEE OTHER SIDE) 


SPRINKLERS SHUT 


Attach: this to Valve 


(1 Every Sprinkler Valve should be numbered, 
1 preceraeey with white paint figures at least 
Valve No. renee 2 inches tall. May be on pipe close to valve. 


Day of Week Month Date Hour 
To be shut Name of man who shut the valve 
Day Month Date Hour 


Closing Authorized by 


Signature of Master Mechanic or other official 

E Don’t remove this tag until valve is opened If valve 

is not opened at above time, fill out and attach a second 

tag extending time; also a third tag if need be. 


Day Month Date Hour 

( After opening valve take this tag to 

« Master Mechanic's Office to be kept 

B Cuntil next Insurance Inspector's visit. 


Signature of man who opened valve 


» This Coupon is to be torn off and hung on Silica, hy 


ous peg board in Master Mechanic's Office until! tag 
is returned signed by the man who opened valve. 
After return of tag, en- ter date of opening on this 


coupon, aad send it to General Superintendent's Office. 


FIRE SPRINKLERS ARE SHUT OFF 


Day Month Date 
191 .......M. 


Day Month Date 


Name of man who opened valve Date 
(SEE OTHER SIDE) 


.3 Form or Rep Carp USED BY THE MutuaL ComPANIES 


later time must be assigned, to indicate it upon the 
ecard and again take it up. 

While the description of this procedure may make it 
seem somewhat formidable, in actual operation it is 
not at all inconvenient and it gives to some responsible 
person control of the sprinkler valves. 

Of course this system of valve control is not pre- 
sented under the impression that, by itself considered, 
it is a wonderful invention. So far as that is 
concerned it is no more than is being done every day 
for the accomplishment of various objects. It was de- 
vised to overcome a difficulty which, in view of all the 
conditions now existing, it seems rather important to 
eliminate in factories generally where sprinklers have 


\ 
(SEE OTHER SIDE) \ 


The danger of greatest loss from Fire in facto- 
ries insured in ‘‘The Mutuals’’ to-day comes from 
Sprinkler Valves improperly closed or forgotten. 


On almost every day the insurance inspectors 
find somewhere an important Sprinkler Valve 
shut. Often this occurs in factories which take 
pride in their order and discipline. 


RULES. 


1. Sprinkler valves must not be closed without 
authority from the Master Mechanic or other 
official, except in case of accident, when no- 
tice must be sent at once to the Master 
Mechanic. 

2. A tag must be filled out and attached to the 
valve (inside or yard) every time a valve is 
closed. 

3. Never shut off more sprinklers than necessary, 
and keep off only for shortest possible time. 

4. Provide for immediate turning on of water in 
case of fire. Where large valves are involved 
keep a man near the closed valve ready to 
open it on notice. 

5. For long and important shut offs provide ex- 
tra watchman to patrol shut off area and 
notify Insurance Companies. 


S Z 
O 


The Master Mechanic or Superintendent 
should provide in his office a conspicuous board 
with hooks, for these danger signals, and with 
supply of extra cards. Preferably a white board 
with a red border marked at the top 


“NOTICE OF FIRE SPRINKLERS SHUT OFF.” 


This method of Coupon Danger Cards was in- 
vented and tested in the Remington Typewriter 
Works and appears to be the best yet devised. 
Its adoption everywhere is urged by the Associ- 
ated Factory Mutual Fire Insurance Companies. 


A supply of these tags should be kept in Master Me- 
chanic’s Office, and may be obtained free of cost irom the 
Associated Factory Mutual Fire Insurance Companies, 
Inspection Department, 31 Milk Street, Boston. 

A few spare tags for emergency use should be kept con- 
spicuously placed near desk of head of each department, 


Fic. 4 Reverse or Mutvuat Companies’ Rep Carp 
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been installed; it can save property from destruction 
by fire and may easily save lives of those employed in 
factories; for that reason it is here presented. It was 
not devised by myself alone, but, in accordance with 
the regular practice in our organization, the idea of it 
was presented to all our factories and it was then de- 
veloped and perfected by the suggestions of the super- 
‘ntendents of those factories, Messrs. E. E. Barney, G. 
B. Brand, W. N. Brand, all of whom are members of 
the Society, and Mr. C. W. Burges. 

Mr. John R. Freeman thought so well of it that it has 
been recommended by the Mutual Companies, includ 
ing those of which he is president, and he and his 
associates have added some improvements to the red 
card, notably by that the coupon 
Which has been hung upon the board to signify a 
closea valve goes, when the valve is opened, to the 
superintendent, who is thus enabled to know 
much of valve closing is taking place, and the reasons 
for it. This, I believe, is an excellent feature. The 
cards are now being supplied to all policy holders in 
the Mutual Companies and a reproduction of them is 
shown in Figs. 3 and 4. 


arranging it so 


how 


In some of our factories, there are certain valves 
which, with the approval of the mutual companies are 
closed during the winter months. As it was thought 
to be undesirable that a red card should hang upon the 
indicator board, for some months, because danger sig 
nals constantly displayed are apt to cease to convey the 
idea of danger, they have proposed in one of our fac 
tories to cover the red card hung upon the board under 
such cireumstances by a green ecard. That may be thi 
best way to do it, but I am inclined to think that a 
better way is to leave off the red ecard entirely from 
the board and to put a memorandum into a tickler file 
so that the matter of reopening the valve will be auto- 
matically presented to the person in charge upon a 
predetermined date. This memorandum may appro- 
priately be one of the white cards shown by Fig. 2 
properly filled out; but the red tag should in all cases 
be hung upon a closed valve. 

Mr. Freeman does not think so well of the white 
card. We use it because by means of it, always hang- 
ing upon a valve, a person whose business it may be 
to close a valve can learn and become familiar with 
what else is required of him besides merely closing 
a valve and then perhaps forgetting it. In the interest 
of the life-saving feature, the Remington Typewriter 
Company will supply such ecards free to all who may 
Wish to use them. Some are printed upon cloth for 
use when valves are out of doors, others upon card- 
board. With the cards thus supplied it will be neces- 
sary only for the factory to provide for itself, the board 
with ordinary serewed brass hooks, numbered as 
shown—to put the board up before the eyes of a re- 
sponsible factory official, and then to see that the system 
is used. And it is safe to say that if an owner finds that 


this or some such system cannot be maintained in effee- 
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tive Operation, it may be taken as a symptom of the 


need of better organization in that factory. 


DISCUSSION 


Rocxwoov. As Mr. Miller points out in his 
Very literesting paper, the possibility of the unauthorized 


closure of automatic sprinkles 


system shut-olf valves is the 


only relnaining nightmare before the eves ol fire protection 
experts. In view of the record of fire losses due to such 
inauthorized or accidental shutting off of the wate supply 


to sprinkler systems, it is singular that so little has been 


done to give any aulomatic protection agaist such a possi 
Inlity. All the rest of the apparatus, such as the sprinkler 
head, the alarm valve, the dry pipe valve, and the system o! 
sprinkle pipe, has been deve loped to a high piteh ol pei 
fection; but this one point remains to be developed. 

Impressed with the importance of this problem, I have 
invented and developed a simple and Inexpensive piece ot 
mechanieal and electrical apparatus designed to supplement 
the very suggestions contained in Mr. Miller’s paper. Mr. 
Miller desires the master mechanic, or the person in charge ot 
the sprinkler systems im an establishment, to divide a printed 
card in the middle, fill out on each half the reason for 
closing the shut-off valve and the time when it may be ex- 
pected to be opened and the pressure restored to the system 
again, and then requires him to tie one-half of the broken 
card to the stem of the gate valve and to carry the other 
alt into the ollice and leave it with some authorized per- 
son who shali share with him the responsibility for shutting 
off the water supply. 

his system would be, of course, entirely satisfactory pro- 
vided the person who is required to carry it out really does 
so. Ii does not take very much imagination, however, to 
suggest many everyday reasons why it would be for the in- 


terests of 


such a person to omit such notice altogether, in 
whieh event there is a large possibility that the valve may 
he leit shut, whether intentionally or inadvertently, for a 
long period of time. For example, a workman may go home 
to luncheon at noon leaving the valve shut, and something 
may interfere with his return: if the job is to be done at 
night, or the job of repairing the sprinkler system extends 
lito the 


evening, the person notified by the other half of 
e card nay be absent until the next day, in which case it 
might easily be that the valve would be left shut at least 
until tus return. 

The device which 1 have developed makes it necessar; 
for the master mechanie to attach his card directly to an 
electric switch that controls an electrie bell, which switch 
must be opened before he can attach it, and cannot be left 
open without the aid of a second person. This seeond per- 
son should be the one relied upon to see that the valve is 
actually reopened at the appointed time. He is also the 
one who would pay attention in ease the valve was shut 
by some unauthorized person who had not first gone through 
the process of notifying the man in the office, and getting 
his assistance in holding the switch open, as this would re- 
sult in turning in an alarm directly in the office. The way 
this is effected is by attaching an electric cireuit closer to 
the vaive stem of the main shut-off valve in a way such that 
any motion of the valve stem in the direction of shutting the 


valve will immediately cause the cireuit closer to close the 
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electric circuit through the alarm bell and the red light in 
the office. 

When the switch is opened through an are of 180 deg. it 
will be held open provided the master mechanie has caused 
the cireuit closer on the vaive stem to close by shutting the 
valve; but this would result in an alarm in the office if the 
assistance of the man who is to be notified that the valve is 
to be shut has not actually been obtained to hold the con- 
trolling switch clear open against an electrie magnet ener- 
gized by the same current that lights the light and rings the 
bell, while the other man goes to the sprinkler riser and 
shuts the valve. 

It will be observed that this mechanical and electric super- 
visory system is entirely supplementary to the system pro- 
posed by Mr. Miller, that it does not interfere with it in the 
slightest degree, and that its influence is positive if it actually 
works as intended, but that if it should fail to work there 
would be no interference with the operation of the simple 
eard scheme. This system has been in operation in my own 
factory for several months, has been demonstrated to various 
underwriters, and seems to be quite satisfactory. No doubt 
about its operation, either theoretically or actually, has thus 
far developed. 

The principle covering the development of this device is 
that more than one man should have something to say about 
the opening and shutting of sprinkler valves, and that the 
operations of the extra person should be mechanically inter- 
locked with those of the person directly charged with the 
oversight of the sprinkler system. The device in question, in 
addition to being supervisory over the motions of the shut-off 
valves, is also a fire alarm and a water pressure alarm. In 
regard to the latter point, it may be said that the bell will 
ring and the light will light if the water pressure falls be- 
yond a certain predetermined point. 

In the history of sprinkler systems it has frequently hap- 
pened that main shut-off valves have been shut with a heavy 
hand and then apparently open again, when, in reality, it 
was subsequently found out that the only part of the valve 
which opened was the stem, which had become detached from 
the plug. This may easily happen when the valve stem is 
shut with a big wrench in an outside gate and the stem is 
twisted after the valve has bedded upon its seats. In such 
a case as that, my alarm system would call the fact to the 
attention of the office automatically. 


James P. Totman. It appears to me that Mr. Miller’s 
instruction tag does not afford all the protection that 1s 
possible. In our mill we have used a tag similar in style 
to that, but in place of the circular hole we have a slotted 
hole, through which is passed a piece of lace leather. The 
leather is also passed through the yoke and the arm of the 
hand wheel, which seals the valve. The lace leather is se- 
cured by a tubular rivet, easily applied. Each valve which 
controls sprinklers throughout the mill is always sealed, 
either open or shut. If it is a valve which should be closed 
in winter, it is sealed shut. If it is a valve which should 
be open at all times, it is always sealed open, and the tag 
requires any person breaking the seal to take the tag to the 
office. Recently the Mutual Insurance Companies have been 
sending out the tag shown in the latter part of the paper, 
and we felt that it was an improvement and adopted it. But 
we also retain our old form of tag, which we now make 
from green card, and this green tag is on every normally 
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conditioned valve at all times, showing that the valve is 
sealed, and that persons who break the seal of the valve are 
to take the tag immediately to the office. 
seal broken, there is a notice. 


If a valve has its 
The red tag has supplanted 
the green tag, and every valve should always have one or 
the other tag upon it. 

One of the objections made by Mr. Rockwood to the tag 
is that when a valve was marked with a red tag, it would 
never be seen by anybody unless he happened to see it. I 
want to say that it is the practice of all the mutually insured 
mills to have weekly inspections of the fire protective system. 
We have different men inspect the system for different pe- 
riods of time. If a valve is wrongly marked, having 
red tag instead of a green tag, it 


aoe 


the 
will be brought to the 
attention of the superintendent at least as soon as Monday 
morning. 


GoruamM Dana.’ I agree with the previous speakers that 
the matter of a closed valve in the sprinkler system is a 
inost vital point in the matter of fire protection in sprinkler- 
equipped plants. If we could eliminate the unnecessarily 
closed valve, the fire loss would be very materially reduced. 

The scheme which one of the speakers proposed is an 
admirable one for certain conditions, but it does not seem 
to cover our conditions. In order to succeed with such a 
plan, it is necessary that a plant should be extremely well 
managed, with an efficient master mechanie and an eflicient 
superintendent. There are a good many plants equipped 
with automatic sprinklers that do not have these conditions, 
a great many tenant factories, and a great many New York 
loft buildings, where there are many different firms in the 
building, and where it is difficult to get at any one to care 
for the sprinkler system. There are a great many small 
plants in various towns and cities that have no master 
mechanie who is worthy of the name, where the problem is 
very different. 

The organization with which I am connected has been 
working on this problem for a number of years, and we have 
solved it in rather a different manner, which, to my mind, 
covers cases which this scheme would not cover. The plan 
is to have the valve fastened by the insurance inspectors. 
The tag which is used is slipped over the seal and is used 
in case the seal is broken to notify the insurance company. 
That is to say, the tag is similar to the one shown here, but 
somewhat differently worded, and in ease the seai has to be 
broken to close the valve, the person who breaks the seal 
fills out certain data as to the circumstances (the reason for 
closing the valve, ete., the present condition of the valve, 
whether it was opened at once or not) and this information 
is put on the back of the tag and the tag mviled to the 
.insurance inspection department. We find it to be extremely 
necessary in any plant which has not an efficient manage- 
ment, to have this information sent to the insurance inter- 
ests. 

Mr. Rockwood’s scheme is a very excellent one, and I 
trust it will come into general use, but it has, however, one 
drawback: if a valve is closed for any length of time the 
alarm does not do much good. If a valve is closed for 
repairs, for an hour or two hours, you have got to shut off 
the alarm and cannot have it ringing all the time, and for 
that reason some notification to the people most vitally 


1Manager, The Underwriters’ Bureau of New England, 141 Milk Street, 
Boston, Mass. 
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interested, the insurance companies, is most desirable in my 
opinion. 

W. H. Kenerson (written). There can be no difference 
of opinion in regard to the necessity for keeping all sprinkler 
valves open, and if it is impossible to provide some of the 
mechanical supervisory devices, the scheme outlined in the 
paper is highly desirable. I take it that the purpose of the 
paper is to put before the public a scheme which anybody 
can employ, and the description of the system is in such 
detail that | beg to suggest one further simple expedient 
which will make it more effective. The majority of us have 
probably had difliculty, when using a system employing 
tags hanging on open hooks, in keeping the tags in place 


because ot drafts, careless handling, ete. The simple expe- 
I 


Name of risk 
Trie No. 

CONTROLLING 
Sealed (date 


riveted or padlocked. 
This seal 


TEAR OFF HERE. 


Seal broken (date) 
Cause 
| Is Valve still shut 
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amines each indicator post gate and signs a tag, which is 
attached to the post, with his name and the date. After 
his examination of all sprinkler valves, the inspector signs 
a typewritten form of letter, which reads something like 
“]T have this day inspected all of the sprinkler valves. 


They are all open and in good order, except— 


this: 
Under 
the list of exemptions he fills in the location of any. valve 
that is closed, the date when it was closed and the date that 
it is expected to be opened. That letter, after being signed 
by the inspector, is sent to the manager as a weekly report. 
After about four years use of this plan, we have had only 
one ease of a valve being found closed. 

Lewis H. Kunuarpr. This whole question comes down 


to a matter of responsibility. Some one must be made abso- 


File No. 


SPRINKLER VALVE 


Valve No. 
by 


In case seal has to be broken please fill in the followin | 
data, TEAR OFF THIS TAG WHERE COUPONED and sen 
this tag at once to address on reverse side. 
again as soon as possible, strapping it with leather strap-ends 


Open the valve | 


IN NO WAY RELIEVES THE MANAGEMENT | 
OF THIS PLANT OF FULL RESPONSIBILITY FOR PROPER 
CARE OF VALVES and other fire appliances. 


Signed 


Fic. 5 


dient of turning the hooks upside down, will almost entirely 
obviate the difficulty. 
this system much more reliable. 


Such an arrangement would make 


Cuarces H. Bicetow. 
thing, exceptional discipline is required to keep it up in 


While I believe the tag is a good 


every case, especially in places having only a small mechan- 
ical force of the class often employed, and where the oflice 
is a long distance from the valves. There the tendency 
would be, especially for a short job, for the man to shut off 
the valve and do the work, instead of taking the tag to the 
office, returning to do the work and then going back to the 
office after the tag, particularly as many of them regard 
such regulations as “ red tape” if they think of them at all. 
The trouble is, however, that while the men may open up the 
valve in most eases, there is always the chance of the man 
being called away and forgetting to open the valve, so that 
probably the tag system, even if not kept up the way it 
should be, would be a help. 


Pomeroy W. Power (written). The weekly inspection 
seems to be a very good system to use in connection with 
any method of keeping track of sprinkler valves. Our plan 
is giving good results. Every Thursday an inspector ex- 


Form or Report Tac in Use sy UNpeRwritTeRS’ Bureau or New ENGLAND 


lutely responsible in a plant for the maintenance, for in- 
stance, of the sprinkler valves, the same as some one must 
be made responsible for the maintenance of any other piece 
of apparatus in the plant. 


A combination of the inspee- 
tion and the tag will, we 


believe, fulfill these conditions 
of keeping the valves open. Of course, there is a fair pos- 
sibility that something may slip up, but when it does slip 
up, the point is that you must have some responsible person 
to whom to look to see why it occurs, and that it does not 
occur again. Any one who tries this combined plan, that is, 
a system of inspection and tagging the valves, will accom- 
plish the result. 


F. J. Bryant (written). At our plant we have inspection 
cards giving in itemized detail the route to be followed, show- 
ing the location, size, type and duty of each valve, the loca- 
tion of each length of hose, each nozzle, tool, ete., as shown 
in Table 1. The man making the inspection takes the card 
and checks each item as he comes to it (if he finds it cor- 
After 
completing the round he signs the card, as the previous 
speaker said, and places it upon the manager's desk, who 
countersigns it and has it filled for further reference. 


rect) and notes any discrepancies on the margin. 
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TABLE 1 INSPECTION RECORD OF HOSE HOUSES AND 
SPRINKLER VALVES 
Andrew Melean Co., Passaic, N. J. 
Sizes State ot 
Location In. Valve 
1 Third St., gate valve, city connection....... 6 Open 
2 Mill No. 1, napping depart., indicator post..6 Open 
3 Mill No. 1, napping department, drip...... 2 Closed 
+ Llose house No. 1, two-way hydrant, — ft. hose Clear 
Wasiiers, spanners, nozzle. 
5 Boiler house, sprinkler line...............3 Open 
6 Boiler house, sprinkler drip............... 1's Closed 
7 Boiler house, 6-in. gate in line to mill No. 1..6 Open 
9 Old boiler house, sprinklers under gallery. ..2 Open 
10 Kier room, kier dye and breach room sprink- 
11 Kier room, drip for above................ 1'4 Closed 
13 Mill No. 1, seeond floor sprinklers tor tower 1% Open 
14 Mill No. 1, indicator post (tower entrance)..6 Open 
15 Mili No. 1, indicator post (shipping room) .6 Open 
16 Drip in shipping room................. --144 Closed 
17 Hose house No. 2, one-way hydrant, _ ft. hose Clear 
wasliers, spanners, nozzle. 
18 Storehouse No. 2, indicator post.......... 6 Open 
19 Storehouse No. 2, basement drip.......... 2 Closed 
20 Office, indicator 6 Open 
21 Office, drip in pit of Ist toilet............ 2 Closed 
22 6-in. valve in main rear shop............. 6. Open 
23 Storehouse No. 3, basement drip.......... 2 Closed 
24 Storehouse No. 3, two-story end, indicator 
25 Storehouse No. 3, two- story ‘end, ee 2 Closed 
26 Storehouse No. 3, one-story end, indicator 
6 Open 
27 Hose house No. 3, two-way hydrant, ft. hose Clear 
washers, spanners, nozzle. 
28 Hose house No. 4, two-way hydrant, ft. hose Clear 
washers, spanners, nozzle. 
29 Hose house No. 5, two-way hydrant, ft. hose Clear 
washers, spanners, noz*le. 
30 Mill No. 2, indicator post...... isteeneucele Open 
31 Mill No. 2, drip........ seccsecececsayg Cloned 
32 Hose house No. 6, two-way hydrant, ft. hose Clear 
Spanners, washers, nozzle. 
The above has been examined by me to-day. 


THe Avuruor. Before adopting this system of cards, we 
earefully considered mechanical 
controlling our valves. 


and electrical devices for 
There are men in our organization 
who have devoted a great deal of study to electrical devices 
and they at once thought of like means of controlling valve 
We 
careful study of the matter, come to the con- 
clusion that it is better to depend upon our discipline and 
organization and to have some one responsible for these 
If we put a mechanical or electrical device on the 
valves, any one would still be able to close it at will, and it 
We believed 
that notwithstanding the use of such a device we would have 
to go to some form of tag and report in addition. It is a 
fact that any automatie device, such as a water level indicator 


opening and closing, and proposed several schemes. 
have, after 


valves. 


would not involve the doing of anything else. 


in a boiler, or anything of that sort, that is depended upon to 
indicate danger or abnormal conditions is apt to be depended 
upon too much; some day it will not work and then there is 
disaster. For our conditions at any rate, a thoroughly or- 
ganized system for taking care of these valves and a de- 
finite placing of responsibility upon someone for their con- 
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The seal idea for the card seems to be 
good, and would.be a useful addition to it. 


dition is the best. 


We had, as stated in the paper, before this card system 
was installed, a very thorough system of inspection for these 
But 
the trouble about a weekly inspection is that if the inspector 


valves, and we still maintain that inspection system. 


looks at a valve on a Thursday morning, the valve may be 


closed until the next Thursday morning and no one know 


anything about it except the man who closed it. Our systein 
provides that someone must know about it; some respon- 


sible person must know immediately if the valve is closed, 


and we think that is important. Ot there must be 


strict 


course, 


discipline, a definite placing of responsibility. and 


accountability. 


THE NEED OF MORE CARE IN THE 
DESIGN AND CONSTRUCTION OF 
ELEVATED TANKS 

By W. TeaGcue, Rosron, Mass. 
Member of the Society 


The elevated or gravity tank for fire protection sys- 
tems has been from the first an important limited sec- 
ondary source of water supply, and its value has in- 
creased greatly with the increase in number and size 
of tanks installed generally throughout the country, 
especially in those cities and districts where the public 
water supply is of low pressure, as is the case in Phila- 
delphia. The tanks are usually located above buildings 
in cities and on detached towers in the country, the 
75,000-gal. tank on a 90-ft. tower at the plant of the 
Pratt Chuck Company, Frankfort, N. Y., 
in Fig. 1, being a typical detached structure. 

The tanks were first made of wood, but there are now 
as many being made of steel. Wooden tanks have been 
built up to 100,000 gal. capacity, although they 
rarely larger than 60,000 gal., for above this capacity 
the steel tank is cheaper and more practicable. The 
cost of a 60,000-gal. tank of wood or steel erected on a 
75-ft. steel tower is about $3000. Steel tanks are built 
in large sizes, one of the largest being of 1,200,000 gal. 
; this one is 50 ft. in diameter and 90 ft. 
and is supported by a steel tower 130 ft. high. 

Failures of tanks in service, involving loss of life and 
destruction of property, 


as shown 


are 


capacity high, 


have shown the need of more 


care in the designing and construction of them. To 
insure the best results, the following features should 
have attention. 


WOODEN TANKS 


The tightness and durability in the wooden tank de 
pends chiefly upon the quality of the lumber and the 
details of its construction. Selected tank stock only 
should be used consisting of white cedar, cypress, white 
pine, Douglas or Washington fir, or redwood, and the 
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DESIGN AND CONSTRUCTION OF 
lumber should be free from sap, loose or unsound knots, 
worm-holes and shakes, and be thoroughly air-dried. 
Both the staves and bottom are usually made up of 
21,-in. stock dressed both sides, for tanks up to 16 ft. 
in diameter and 16 ft. deep; for larger tanks 3-in. stock 
is used. Plank for this purpose should be full length 
without splices. 

The strength of the wooden tank depends principally 
upon the size and spacing of the iron hoops. The im- 
portance of the matter of the hooping will be appre- 
ciated when it is realized that overstressing of even 
one hoop may result in bursting of the tank. The 
wooden tank being originally merely a development of 
the barrel where flat hoops were necessary to permit 
of tightening by driving them toward the enlarged 
middle, it was natural to use also flat hoops for the 
tank and the tank was also made tapered so that the 
hoops could be tightened by driving, although later 
they were tightened principally by hoop lugs. It was 
claimed that the tapered shape had also the advantage 
of preventing the hoops from dropping down over 
the tank, if it was allowed to remain empty and the 
staves to shrink from drying. 

The tapered shape of tank is not important, however, 
since a tank which has been allowed to dry up, has 
been seriously damaged thereby and cannot be made 
tight without extensive repairs, sometimes necessitat- 
ing the rebuilding of it. In fact most tanks are now 
made without taper and the hoops are found to remain 
where placed. The tapered tank costs somewhat more 
to build since the staves must be fitted more carefully 
and the design undoubtedly would have been entirely 
discarded long ago, except that some architects and 
purchasers believe a tapered tank presents a more 
pleasing appearance. The amount of taper is so small, 
being usually 1 in. per ft., thus giving a batter of 1. 
in. per ft. to each side of tank, that its absence is 
hardly noticeable except on very high and small diam- 
eter tanks. The only objection to the tapered tank, 
however, is its extra cost. 

In the early studies of this subject, many serious 
failures of tanks were traced to weakening of the flat 
hoops by their rusting at the back where they bore 
against the staves, due to moisture from rain being re- 
tained between the surfaces of the hoop and _ staves. 
These failures were largely unpreventable, as it was 
difficult to properly inspect the condition of the hoops, 
and also impossible to paint them while the tank was 
in service. The use of hoops of round rod without 
welds has remedied this trouble as their surface is 
nearly all exposed for inspection and painting, and 
also they are not so subject to corrosion since the ex- 
posed surface of a round rod is much less than that 
of a flat bar or band of the same cross sectional area. 

Another point of weakness in the flat hoop is at its 
connection to the cast iron lugs which is usually made 
by riveting. The use of round rod hoops, however, 
permits of a satisfactory connection to the lugs, but at 
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first many tank failures resulted from the use of light 
cast iron lugs. These are now made of malleable iron, 
the best design being shown in Fig. 2. The hoops are 
so placed on the tank that the lugs do not come in a 
vertical line. 

Round rod hoops are so spaced that the stress will 
not exceed 12,500 lb. per sq. in. when computed from 
area at the root of the thread. The proper spacing can 
readily-be found from the following formula: 

Spacing of hoops (in. 


Safe load for given hoops (Ib. 


2.6 < diameter (ft. depth (ft. 
The depth used is the distance from overflow to point 
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where hoop is to be located. The top hoop is placed 
2 in. from the top of the staves and the spacing be- 
tween hoops should in no case exceed 21 in. An extra 
hoop or two is placed at the croze to take the addi- 
tional strain due to the swelling of the bottom planks. 

The tank roof, since it in no way serves to retain 
the water, has usually been nothing more than a make- 
shift cover. In the early days a single flat roof was 
used on outdoor tanks, but this held the snow and ice 
and required strong joist supports to keep it tightly 
in place. The snow also interfered seriously with the 
opening of the hatch to give access to the interior of 
the tank. <A conical roof was then built over the flat 
one which remedied these difficulties. It also greatly 
increases the efficiency of the roof in preventing radia- 
tion of heat from the tank water in winter as it pro- 
vides a dead air space between it and the flat roof 
in addition to the one between the latter and the 
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water, thus reducing the cost of heating in freezing 
weather. The conical roof also gives a better appear- 
ance to the tank top. <A well built roof is shown in 
Fig. 3. It should be tightly fitted around the tank 
top to maintain the dead air spaces. 

Much trouble has resulted from leakage in the 
wooden tank, because it has not been firmly supported. 
The wooden tank is locally weak, not being of unit 
construction, and the lack of firm support has permit- 
ted working of the joints. It is supported only from 
the bottom, none of the weight being carried by the 
staves. Wooden beams were first used as supporting 
members, and these were placed on the roof of a build- 
ing or tower as a grillage, and the tank bottom set on 
them. In time the wood rotted because of moisture 
from the tank bottom, permitting the tank to settle and 
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causing leakage; there was also danger of collapse of 
tank because of this weakening of the joists. The 
use of steel I-beams as grillage members as shown in 
Fig. 4 avoids these difficulties. The beams should not 
be spaced over 18 in. clear between edges of flanges, 
and the tank bottom is placed directly on the steel. 


STEEL TANKS 

The simplest form of steel tank is the flat bottom one 
and tanks of this type give satisfactory service, pro- 
vided the bottom is supported by a steel grillage as in 
the case of the wooden tank. One possible source of 
trouble is from corrosion of the bottom, and to prevent 
this in so far as possible the bottom plates are made 
somewhat thicker than is necessary for strength alone, 
and the grillage I-beams are of a height and spacing 
to permit of inspection and painting of the bottom. 
When the tank is to be placed on a concrete tower, it 
may rest directly on a reinforced concrete slab with 
the bottom thoroughly grouted in place with neat 
cement. 

The preferred form of a tank to be placed on a steel 
tower is that having a hemispherical or elliptical bot- 
tom. The construction in this form is cheaper than 
for the flat bottomed tank as the bottom is self support- 
ing and a steel grillage is unnecessary. The entire 
bottom is also accessible for inspection and painting, 
and corrosion is reduced to a minimum since the 
plates are exposed to the air. 

Plates for use in steel tanks are made somewhat 
thicker than is necessary for strength in order to make 
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them durable against corrosion. The minimum thick- 
ness is 14 in., except that 14-in. plates are used for 
roofs. The plates composing the lowest cylindrical 
ring are ;°; in. thick for 60,000-gal. tanks and larger, 
and the bottom plates ;°; in. thick for tanks 75,000 gal. 
and larger. 

One of the weaknesses of steel tank construction in 
the past has been poorly designed connections of the 
tank shell to the posts of the supporting tower. When 
the posts have a batter, as is usually the case, the in- 
ward thrust due to the horizontal component of the 
weight is provided for by a cireular girder consisting 
of 14-in. plate 24 in. wide, attached to the lowest eylin- 
drical ring by an angle and stiffened by angles or a 
channel at the outside edge, as shown in Fig. 5. The 
posts also connect to the tank shell at this point and 
the design is such that the load will be transferred 
from the shell to the center line of the posts so as to 
avoid eccentric loading. A number of tanks built 
without cireular girders have failed by the posts erush- 
ing in the tank plates. Others with the girder, but 
having eecentrically loaded connections to the posts 
have failed by bending of the upper posts. 

As the hydrostatic pressure on the tanks is com- 
paratively small, it is not necessary to provide standard 


Fig. 3 A Goop Desicn or Dovus_e Roor ror ELEvaTeD TANK 


riveting for the thickness of plates used. The joints 
of the plates should be riveted so that the unit stresses 
on the net section of the plates and rivets wll not ex- 
ceed 7,500 lb. for shearing and 20,000 lb. for bearing. 
The horizontal joints are single lap riveted, 2xcept be- 
tween the lowest cylindrical ring and the bottom, which 
are double lap riveted. The vertical joints also are 
single lap riveted except those in the lowest eylin- 
drical ring, which are double lap riveted. The rivets 
are entered from the outside and driven from the 
inside and inside seams caulked. One of the strong 
features of the steel tank is that when once made tight, 
it gives practically no trouble from leakage. 


TOWERS FOR ELEVATED TANKS 


Towers to support wooden tanks were originally 
built of wood, but with the increases in size of plant 
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buildings and extensions of them, considerably larger 
tanks and higher towers were required, and the build- 
ers, realizing the inadequacy of wooden construction 
under these conditions, began to make towers of steel. 
The managements not being experienced in structural 
steel designing, naturally selected the simplest design 
possible for the towers. The posts and girts consisted 
usually of two angle irons, placed apex to apex and 
strapped together at intervals of several feet by tie- 
plates shop-riveted to the angles. The column sections 
were spliced by angles which were shop-riveted at one 
end to the post; the other end was field-bolted in erect- 
ing the tower, as this was the simplest form of connec- 
tion and the easiest one to make. Furthermore, it had 
the advantage that the bolting could be done by the 
regular erecters which made it unnecessary to have 
first-class mechanics in the erecting gangs and to carry 
special tools. This, however, was not good construction 
and the manufacturers are now field-riveting these con- 
nections. 

The struts were at first connected directly to the 
posts by bolts. This construction is objectionable be- 
‘ause the bolts are apt to work loose and it does not 
brace the parts. The construction now used is that 


The 


of gusset plates riveted to the posts and girts. 


Fic. 4 Detar, View or ARRANGEMENT OF STEEL I-Beam GriL1- 


AGE FOR Support or TANK 


wind rods were also connected directly to the posts 
at the girts. The bolt holes, as originally inserted 
through the post angles, weakened the posts since they 
reduced the net section. The rods are now connected 
to the gusset plates. The arrangement of these parts 
is shown in Fig. 4. The diameter of bolt and thickness 
of plate are proportioned to provide proper bearing 
strength. The posts and girts of steel towers erected to 
support steel tanks, and to some extent wood tanks, are 
now largely made of channels latticed on both sides or 
having a plate on one side. Other shapes such as the 
Bethlehem H-beam and two channels with an I-beam 
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between to form an H-section are also used to some 
extent. 

Competition in the manufacture of these structures 
has resulted in the use of too high unit stresses and 
as a result the posts, figured on a conservative basis 
as represented in case of their structural work such as 
bridges, had a factor of safety of less than four and 
sometimes as low as two and one-half and failure has 
resulted. To obtain safe towers it became necessary, 
therefore, to maximum The 
loading of the structure consists of the weight of the 
structural and ornamental steel work, platforms, roof, 


set allowable stresses. 
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piping, ete. The live load consists of the weight of 
the total volume of water; the movable load on the plat- 
form is assumed to be 30 lb. per sq. ft. and the wind 
load. The wind pressure is assumed at 30 lb. per sq. 
ft. on flat vertical surface and the wind load on the 
tank is taken as this pressure times 6/10 the projected 
area of tank and roof, and in the case of steel tanks, 
the curved bottom. The total wind load on the posts, 
struts, wind rods, ladders and riser boxing is assumed 
at 200 lb. per linear ft. of height of tower. 

All parts of the structure are proportioned so that 
the sum of the dead and live loads shall not cause the 
stresses to exceed those allowable. The principal 
stresses in such a tower structure are axial compression 
on gross section of columns and struts, axial tension 
on net section of wind rods, bending on extreme fibres 
or net section of rolled shapes, built sections and struts, 
and shearing of rivets. The axial compression on gross 
section of columns and struts is determined from the 
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unsupported length of the members from centre to cen- 
tre of connections in inches, and FR the least radius of 


following expression : Qa where L is the 
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gyration in inches; the ratio — should not exceed 125 


for columns and 150 for struts and minor members and 
the maximum compression allowable as thus deter- 
mined is 12,000 lb. per sq. in. The axial tension on 
net section of wind rods must not exceed 12,500 Ib. 
per sq. in.; the bending on extreme fibres or net see- 
tion of rolled shapes, built sections and struts 16,000 
Ib. per sq. in., and the shearing for shop driven rivets, 
10,000 lb. per sq. in. and field driven rivets 7500 Ib. 
per sq. in. 

The lower ends of the posts have not been as eare- 
Fre- 


quently, in angle iron towers particularly, no special 


fully designed as their importance requires. 


Fig. 6 Typicat ConstrucTION oF FooTiInNG FOR ANGLE IRON 
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attempt has been made to properly distribute the load 
to the base plate attached to the post footing. Cast 
iron plates were first used and the concentrated load- 
ing caused these to crack, resulting in collapse or in 
throwing the structure dangerously out of plumb with 
possibility of failure of the foundation under this post. 
The present use of steel plates has improved condi- 
tions, but the design must be such as to distribute the 
load to them as shown in Figs. 6 and 7, which are de- 
signs that are being used quite generally. 

In anchoring the columns to the foundations, the 
diameter of the bolt at root of thread should be such 
as to withstand the maximum uplift due to the wind 
with tank empty, and to resist the shearing force at 
base plate. The bolts should be made from round 
wrought iron or mild steel rods without upsets. 


FOUNDATIONS AND SUPPORTS 


The foundation piers to support steel towers are 
usually made of conerete, consisting of one part port- 
land cement, three parts clean sand and five parts 
broken stone. They are usually pyramidical in shape 
and proportioned to suit soil conditions. The allow- 
able bearing pressures on soil will range from 1 to 5 
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tons per sq. ft., depending on the quality of the soil. 
Where the soil is moist or rather loose, a girt should be 
provided at the base of the tower to prevent spread- 
ing of the posts. The allowable bearing pressures for 
footings should not exceed 400 Ib. per sq. in. for port- 
land cement concrete and 200 Ib. per sq. in. for or- 
dinary brick work with portland cement mortar, ex- 
cept when tank is to be rested on building walls, when 
the bearing plate should be figured on the basis of 125 
Ib. per sq. in. 

The weight of the foundation pier when buried at 
least two-thirds of its height should be equivalent to 
the calculated net uplift due to wind pressure with the 
tank empty, that will be transmitted to it; otherwise 
it should be one and one-half times that amount. 

Where the tank structure is above a building, and 
the building walls are depended upon to act as sup- 
ports, great care should be taken to determine that the 
construction is safe against collapse. In many cases, 
tanks are supported by building walls not originally 
built to carry them, but where a sprinkler system was 
later installed it was considered more convenient and 
cheaper to use the walls than to erect a detached 
tower for the tank. This has frequently been done 


TypicaL CoNnsTRUCTION OF FOOTING FOR CHANNEL 
COLUMN 


Fic. 7 


without making a thorough inspection first of the con- 
dition of the walls, and, largely through :gnorance, 
the necessary care was not taken to distribute the load. 
Many failures have consequently resulted and there 
are no doubt numerous cases of this kind where the 
tanks are apt to fall at any time. 

Inspection should be made of the quality and con- 
dition of the brick and mortar or other material used 
in the construction. The wall foundations should be 
examined as to construction and bearing on soil or 
rock. The condition of the bond between abutting 
walls should be noted and a general inspection made 
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for sizable cracks in the walls. The thickness of walls 
and size and spacing of window and door openings 
should be measured and calculations then made to de- 
termine if the load of tank, water and trestle can be 
safely distributed over the walls. All unnecessary) 
openings should be bricked or otherwise solidly filled 
in, and it may be necessary to sacrifice some openings 
to obtain the required strength. When the walls can- 
not be altered to support the load, the additional sup- 
port required can be obtained by carrying steel beams 
down inside the walls to a solid foundation, provided 
these do not interfere with occupation of or processes 
carried on in the building. Otherwise it will be neces- 
sary to provide a separate steel tower. 

The proper strength of foundations is especially im- 
portant because of the greater probability of loss of life 
from the falling of a tank from above a building as 
compared with the falling of a tank on a detached 
tower. The monetary loss is hable, of course, to be also 
much greater, as the water will undoubtedly wreck the 
building and cause heavy water damage. The building 
departments of cities endeavor to obtain proper con- 
struction, but unfortunately they do not always sue- 


det about 


hic. Examene or Prorer Design or Expansion JOINT FOR 
STEEL TANK 


ceed. The possibility of trouble is increased because of 
the divided responsibility of the tank builder and the 
architeet. The former seldom concerns himself as to 
the strength of the supporting walls, assuming that 
the latter has given the matter proper attention, so he 
woes ahead and erects the tank according to contract. 
GENERAL FEATURES 

Tank fittings should receive careful attention to in- 
sure the reliability of the equipment. The discharge 
or riser pipe is more serviceable if made up of cast or 
wrought-iron pipe, flanged or coupled, than one made 
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up of bell and spigot pipe, since the latter is apt to leak 
at the leaded connections, necessitating removal of the 
frost-proof boxing to permit of repairs. A tank and 
tower is constantly swaying from side to side and this 
tends to loosen up leaded joints. Furthermore, the 
increased rigidity of the flanged and coupled pipe 
permits the use of a minimum number of tie rods. 
There are usually four rods connected, one to each post, 
at girt connections. 

The connection of the discharge or riser pipe to 
wooden tanks has usually been made by extending the 
pipe through ordinary cast-iron slip flanges bolted to 
the tank bottom on each side of the opening. The hole 
in the planks was cut larger than the size of the pipe 
to form a packing space which was filled when parts 
were first assembled. A better construction was used 


hic. 9 DesiGn or Erricient Frost-Proor SQUARE BOXING FOR 
ENcLosure oF Riser Pipe to TANK CONNECTION 


for steel tanks having a stuffing box and gland. Both 
types of joints were found to be unserviceable, how- 
ever, the former because the joint could not be tight- 
ened when leakage occurred, and the latter principally 
because the iron to iron parts rusted together, which 
resulted in the breaking of some pipe fitting and the 
emptying of the tank. Examples of properly designed 
expansion joints forming tank connections for wooden 
and steel tanks are shown in Fig. 8. These have a 
bronze gland and ample clearance between the iron 
parts to prevent binding by corrosion. The packing 
space is large and the joint is extended within the 
tank bottom to form a settling basin, to prevent sedi- 
ment getting into the yard pipe and clogging the 
sprinklers at time of fire. 

A tightly constructed frost boxing should be placed 
around the discharge or riser pipe, and arrangements 
made for keeping the water heated by a hot water 
heater or a steam coil in the bottom of the tank. De- 
signs of three-ply, two air-space boxings are shown in 
Fig. 9. 

A tank level indicator or telltale is necessary to give 
a positive indication that the tank is full at all times. 
After many serious fires it has been learned that the 
tank had been partially or wholly empty at the start 
of the fire, and the lack of water had handicapped 
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the fire protection devices. Tanks may be left empty 
due to neglect, but usually so because of false indica- 
tion of the telltale. The most used type of device for 
this purpose is the float in the tank water, operating a 
target sliding on a scale fixed to the outside of tank. 
Obviously, these are subject to sticking due to their 
mechanical construction and exposure to snow and ice 
in freezing weather. The ordinary pressure gage has 
been largely used but cannot be positively depended 
on, since it is seldom, if ever, tested and the parts stick, 
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Fic. 10 Detaits or Mercury GaGeE ror INDICATING WATER 
LEVEL IN TANK 


causing false readings. There are several types of 
electrical telltales operated by a float, but these are 
complicated and easily gotten out of adjustment. At- 
tention is also necessary to maintain the electrical cur- 
rent. 

The most reliable telltale is undoubtedly the mercury 
gage, an adaptation of which for this purpose is shown 
in Fig. 10. This gage was developed by the labora- 
tories of the Associated Factory Mutual Fire Insurance 
Companies. It should be placed indoors where it will 
be observed and cared for. The mereury pot is then 


piped to the riser pipe on the tank side of the check 
valve, and the gage board adjusted after filling 
readily tested 


the mereury pot. The gage is 


ELEVATED 


TANKS, W. O. TEAGUE 

by opening the pet cock on the water pipe. If water 
continues to flow under constant pressure, the appara- 
tus is in operative condition; otherwise, the pipe is 
clogged or there is a valve closed. 

The painting of steel tanks and towers and of the 
iron hoops of wooden tanks is very important to pre- 
vent corrosion. Steel plates and shapes should be 
given the usual priming coat at the shop. The surface 
of the metal should be thoroughly cleaned of mill seale, 
rust and grease and be perfectly dry before applying 
the paint. A good paint for the first coat is made by 
mixing 20 Ib. of red lead and 10 lb. of zine oxide with 
3 qt. of boiled linseed oil, the red lead and zine oxide 
being ground in. This amount of paint will cover 
about 50 sq. yd. of surface. A second coat should be 
applied after structure has been erected. For this 
a more durable oil or asphaltum paint should be used. 

The inside of a steel tank should be repainted, usu- 
ally every two years, or oftener, if the paint shows 
signs of peeling or wear. The outside of the tank and 
the tower should be repainted at about five-year inter- 
vals. The surface should be carefully cleaned either 
by sand blast or by steel brushes or serapers. 

The iron hoops of wooden tanks should receive a 
priming coat as for structural steel and a second coat 
after assembly. They should be repainted when neces- 
sary. The advisability of painting wooden tanks ex- 
posed to the weather is an open question, although a 
large percentage of the tanks are painted. There is 
no doubt but that paint protects wood under ordinary 
conditions, but the objection raised to its use on tanks 
is on the ground that the tank water percolates through 
the staves and is prevented from evaporating as it is 
held under the paint and this is likely to set up dry 
rot in the wood. It is well known, however, that dry 
rot does not occur when wood is completely immersed 
but rather when it is in a moist condition in the pres- 
ence of some heat. This objection is not considered 
well-founded and as a rule the tanks are undoubtedly 
preserved by painting. 

The life of properly constructed equipments de- 
pends largely upon the care and attention given to 
them by property owners. The tanks should be used 
only for fire protection. The practice of using a foot 
or so of water from the top of the tank for mill pur- 
poses is objectionable as the tank collects a larger 
amount of sediment from the water which is constantly 
being supplied than it does when used for fire service 
only. This sediment is likely to settle in the sprinkler 
pipes and either clog them completely, or, if the sprink- 
lers are open, seriously interfere with their discharge. 
If water is drawn from the bottom for mill purposes 
the tank may be empty when needed for fire service. 
Furthermore, the fluctuation in water level is apt 
to result in shrinkage of the upper ends of the staves 
of wooden tanks, causing leakage and hastening corro- 
sion in the steel tank by the repeated wetting and ex- 
posure of the sides to the air. 
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DISCUSSION 


J. W. Kerier’ (written). Improperly designed supports 
for tank structures on buildings and the sub-foundations are 
likely to endanger life and property. As an engineer mak- 
ing a specialty of this work I come in contact with faulty 
designs, principally in the building itself. The fault does 
not he entirely with the structural engineer, but in a great 
many cases with the architect. I would suggest stringent 
rules governing the installation of these outfits, especially 
the thorough examination of the building by a competent 
engineer or architect familiar with this class of work. I 
would also suggest, and would eooperate to further the ae- 
ceptanee of one uniform set of specifications governing the 
engineering manufacture and erection of towers and tanks, 
both on the ground and on buildings, by all insurance com- 
panies, and so far as possible by individuals, corporations 
or city building departments. 


B. A. 


design of 


FREEMAN’ (written). 

tanks and towers at present is 
that work. 
suggested, close competition, the lack of ability on the part 
of most purchasers to discern the merits and demerits of 
designs submitted helps not a little towards that end. There 
is little novel or unusual in the construction of these strue- 
All of the problems connected with them have been 


Lack of uniformity in the 
well known to 
line of 


those interested in 


Besides the cause 


tures, 
solved before in connection with other engineering works. 
Now that elevated tanks and towers have come into general 
use for fire protection purposes, it is advisable both to pro- 
tect the purchaser and the bidder who wishes to erect a good 
structure, that a specification be forthcoming which shall 
place all competitors on the same basis. A worthy attempt 
in that direction has been recently made by the engineering 
department of the Associated Factory Mutual Fire Insur- 
ance Company of Boston, and intelligent inspections in con- 
nection with such a specification should produce very good 
results. 


Bryan Biackiurn® (written). Too much eredit can not 
be given to Mr. Teague and his associates for the splendid 
service rendered along the line of tank betterment. The 
specifications issued by his office, if honestly carried out, 
will afford a high-class structure that is simple in design, 
economical in construction and very efficient in service. I 
have designed a vast number of elevated tanks for fire pro- 
tection, and I ean say without fear of contradiction that the 
tanks built under the requirements of Mr. Teague’s office 
are beyond criticism. 

I differ with Mr. Teague, however, in that it is allowable 
to single-rivet the vertical seams above the first course. As 
pointed out in my article on this subject in The Engineer- 
ing Magazine,* the vertical seams should be double riveted. 
not so much for strength of joint, as to prevent the break- 
ing of the caulking edge by breathing tendency of shell due 
to change in water level; also it 1s my opinion, based on 
experience, that the riveting should be closer than is theo- 
retically required for efficiency of joint, in order to ensure 
that the plates be well drawn together under field riveting. 


1Chief Engineer, Wendnagel & Co., Chicago, III. 
2Engineer, The Rusling Company, New York 

* Assistant Engineer, R. & D. Cole Mfg. Co., Newnan, Ga. 
‘ Elevated Tanks for Fire-Protective Service, p. 385 
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The joints in the main column at strut points should be 
milled to ensure full bearing. 

The formulae and stresses set forth in the paper for main 
members are correct and ample, but 1 would suggest that, 
while the struts should be of such section as to provide for 
all live and dead loads, and that the depth of strut should 
be such that the unit stress due to weight of member should 
not exceed 4000 Ib. per sq. in., still my experience indicates 
that more often the sizes of these struts are fixed by the re- 
quirement that no strut shall exceed 150 radii of gyration in 
length. 

In the using of the Bethlehem H column for main col 
umns, as suggested by Mr. Teague, care should be exercised 
to see that the column lengths do not exceed 125 radii of gyra 
tion. The standard practice in these elevated tanks allows 
very long column lengths in the latticed channels columns 
and this has led some inexperienced designers to employ II 
shapes in too long lengths, with results that are not pleasing, 
and in several cases that have come under my observation, 
partial failures have resulted, not from any inherent defect 
of the H sections but from misuse. 

Stress must be laid on the fact that the so-called baleony 
used on hemispherical-bottom steel tanks is not an ornament 
but a horizontal girder subjected to large loads due to the 
horizontal component of the stress in the column. 


A. H. Hayes (written). It is generally conceded that 
for all structures on which are dependent the lives of men, 
or the safety of property from destruction, too much eare 
can not be taken in their design and construction; this is the 
business of the designing engineer. It is also his duty in 
this day of efficiency, so to plan his structure that he may 
use no more material than is necessary to take care of the 
maximum loading which may oceur, with, of course, the 
proper tactor of safety. 

In the latter part of the section on towers, the author 
states that “the total wind pressure on the posts, struts, wind 
rods, ladders and riser boxing is assumed at 200 Ib. per 
lineal ft. of height of tower.” This is taken to mean that 
for all towers carrying tanks, whether of 10, 20, or 100,000 
gal. capacity, the wind pressure must be assumed to be the 
same. This appears inconsistent, inasmuch as the size and 
shape of the members will vary with the style of construc- 
tion, and the loads they are to carry. 

The writer has, in several years experience, designed many 
towers to carry the smaller tanks on which the wind pressure. 
taken at 30 lb. per sq. ft. of flat surface, did not reach 150 
lb. per vertical ft.; also others of larger capacity, where the 
wind pressure greatly exceeded 200 lb. per vertical ft. This 
is a small consideration when designing low towers, but with 
comparatively high towers where the wind stresses at the 
base of the tower equal or exceed those caused by the weight 
of tank, tower and water, the difference amounts in some 
instances to 15 per cent. Therefore, a strict economy of 
material is not possible. 

I wish to present for consideration another point along 
this line not brought out in the author’s paper, but which 
is embodied in the Specifications for Gravity Tanks and 
Towers, recently published by the Associated Factory Mutual 
Fire Insurance Companies, with which specifications, it ap- 
pears, the author is largely to be credited; that is the prac- 
tice of assuming that the wind pressure on the tower is the 
same when acting in the direction of the diagonal of the 
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tower as when acting in the plane of the bents. This is not 
correct when the posts are made up, as with many of the 
smaller towers, of two angles placed corner to corner forming 
a star section as illustrated in Fig. 4. Here the wind surface, 
when the wind is acting in the direction of the diagonal of 


the tower is Therefore, the maximum compression 
V2 


stress in the post on the leeward side of the tower, due to 
wind on the posts, is exactly the same as when the wind 
is acting in the plane of the bents. The pressure in the 
struts, wind rods and riser boxing is the same whether the 
wind acts in one direction or another, and the practice of 
increasing these stresses by the square root of 2 is correct. 
But in some towers the wind pressure on the posts is the 
greater part of the total. Take a case where 50 per cent of 
the total wind pressure is on the posts; then instead of in- 
creasing the total wind stresses by the square root of 2. only 
50 per cent should be thus increased. 


Fic. 11 Surrace Exposep to Winp IN Post roRMED OF Two 
ANGLES 


Taking into consideration the fact that an assumption of 
200 lb. per vertical ft. in many cases raises the total actual 
stresses in the posts 15 per cent, and that the latter assump- 
tion increases them another 10 per cent, it appears that the 
author has gone even beyond the limits of conservatism, and 
in order to meet these requirements the manufacturer is com- 
pelled to use considerably more material than is needed. This 
matter should be left as an incentive to each individual engi- 
neer to design his structure so as to present the least possible 
wind surface, and thus produce an economical design. 


A. BuavveLtt (written). I take issue to the statement 
recommending a water level indicator to be placed indoors. 
Such an indicator is limited to showing the water level in the 
tank and may not do that because the operator can not be 
relied upon to use the test cock alluded to, to prove that the 
connections are clear. As a matter of field service, it is 
preferable to use a sight overflow pipe placed vertically in- 
side the tank, with the upper end at the desired full elevation 
of water and the lower end extending through the bottom 
of the tank and angled over for easy seeing. By such an 
indieator, much more is accomplished. The operative condi- 
tion of the means for filling the tank is proved, the operator 
ean not guess that the tank is full enough; he must fill the 
tank to get an indication, he must look at the tank structure 
and thereby is more or less compelled to inspect it, and if 
the heat has failed and the tank frozen, the top of the sight 
pipe freezes shut and the tank gives warning of ice by over- 
flowing around the top of the tank instead of at the sight 


pipe. 
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G. A. 
abstract of the author's specifications covering gravity tanks 
and towers prepared for the Associated Factory Mutual Fire 
Insurance Companies of Boston. 


Smiru’ (written). The paper is principally an 


There are a few points in 
them with whieh I do not fully agree, but on the whole con- 
sider that the specifications cover the field in very good shape. 
There are two points, however, which | might mention and 
like to 
members of the Society: 


on which | would have the discussion of «different 
In the section on Towers for Elevated Tanks, Mr. Teague 


formula gives a unit stress of 12,000 Ib. on the basis of 9 


gives a formula for unit stress in water tower columns. 
radi. It has always been my contention that a higher unit 
stress is permissible in the design of water tower columns 
for the reason that the entire load is quiescent and is entirely 
dead load. There might be some question raised on this point 
due to the fact that a certain portion of the column load is 
caused by wind pressure; however, it is the general practice 
to permit a higher unit stress for wind loads than for either 
dead or live loads. 

It is a general practice of most engineers in the design of 
steel structures, such as bridges and buildings, to use a higher 
unit stress for dead loads than for live loads. For instanee, 
Theodore Cooper specifies for bridges a unit stress in chord 
compression members of 15,000 Ib. for dead load and ap. 
proximately 7000 Ib. per sq. in. for live load, both of these 
stresses being based on 90 radii. On a similar basis, I believe 
that a unit stress of 15,000 Ib. per sq. in. for water tower 
columns is conservative. I would mention, however, that on 
account of there being so much sentiment against this high 
unit stress, the company which I represent has adopted a 
unit stress of 12,000 Ib. per sq. in. for columns in their 
standard water tower specifications. 

Another point on which I do not quite agree with Mr. 
Teague is the expansion joint illustrated in his paper. The 
illustration is not quite clear as to the kind of metal used in 
the different parts, but it is his requirement to use cast iron 
in the pipe sleeve and the collar, and brass or bronze in the 
follower and adjustment bolts. [ contend that this expan- 
sion jomt will not permit proper operation after it has been 
used for some time. It is mv idea that the cast-iron sleeve 
will corrode or rust more or less above and below the gasket, 
and in fact will corrode to some extent on the surface cov- 
After this sleeve has become 


ered by the gasket. more or 


less corroded, I believe that it will not slide freely through 
the gasket, and in fact there is considerable danger that the 
riser pipe would probably give in some other point before 
sliding in the expansion joint as intended. I cannot see why 
the brass follower gland used by Mr. Teague is any better 
than a cast-iron gland for the reason that the clearance be- 
tween the sleeve and the follower is sufficient to prevent any 
serious adhesion by corrosion. 

My idea of an expansion joint which would always work 
freely, would be to have a brass covered sleeve instead of 
cast iron so that the surface coming in contact with the gasket 
would not be affected by corrosion and therefore would slide 
freely through the gasket. 


C. S. Pituspury? (written). Mr. Teague has done a great 
deal to bring about the general adoption of proper methods 


1 Manager, Des Moines Office, Des Moines 
Moines, Ia. 
2Chieago Bridge & Iron Works, Chicago, III. 
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in the design and construction of sprinkler tanks, and his 
specifications are generally recognized by the manufacturers 
as fairly representing the best present practice in that class 
ot work. In this paper, he outlines a number of suggestion: 
as to proper unit stresses, plate thicknesses, etc., all of whic! 
tend to result in a safe and economical structure. The pro 
visions which probibit bolted connections and reduce th. 
shear on field rivets are especially good. 

As Mr. Teague says, it is of great importance to desigy 
the details so they will develop the full strength of the main 
members. To those familiar with railroad bridge shop pra 
tice, this statement will seem superfluous, but, as a matter 


of fact, practically every failure of an elevated tank ean be 


traced to an eccentric top post connection, insufficient pre 
vision tor the horizontal thrust at the top of the posts, poorly 
made column splices, or some other oversight due to inexpe 
nence. To prevent excessive stresses in the tank shell, the 
number of posts must be proportioned to the diameter and 
depth of the tank, and provision must be made to resist the 
torsional moment due to the curvature of the sides. It is 
also necessary to provide for a number of severe forces othe 
than gravity and wind loads. This last statement is well 
emphasized by the illustration of a water tower loaded down 
with ice due to the continuous overflowing of the tank in 
cold weather. It is only a carefully designed structure that 
can undergo such treatment without injury. 

Following are stress formulae used by the Chicago Bridge 
& Iron Works which may be of interest in connection with 
Mr. Teague’s paper: 

Tank Sides and Bottom, The stress in pounds per linear 
inch in the sides of a evlindriceal tank is 2.6xHxD, where D 
the diameter of the tank in feet and H/ 
in feet. The maximum stress in a hemispherical bottom is 
1.3xHxD and in an elliptical bottom 2.3x//xD. The last 
two formulae are closely approximate, 11 and D being the 
same as before, except that in this case HW should be taken 
as the total depth of the tank. 


the head of water 


Posts. The vertical component of the dead load post stress 
is equal to the total water and metal load divided by the 
number of posts. The vertical component of the wind stress 
equals the following: 

M 
D 

1.00 D 
1.50 D 
M 
2.00 D 
moment of wind about panel point at the bottom 
of the post section considered and D 


post tower 


5-post tower 


where M = 
= diagonal of tower at 
the panel point about which moments are taken. 

ltods. There is no dead load stress in the rods. 
stress equals the following: 


The wind 


0.500 (V-V"’) See. 4 
8-post tower............. 1.307 (V-V’) See. A 


where 1 "= vertical component of post stress in panel above; 


|)’ = vertical component of post stress in same panel 
as the rod, 
and A = angle rod makes with the vertical. 
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Struts. Exeept where the batter of the posts changes 
there is no dead load stress in the struts. The wind stress is 
approximately the horizontal component of the rod stress in 
the panel below, 

Tue Aurior. As stated in the paper and as emphasized 
by Mr. Ketler, the possibility of danger to life and property 
irom elevated tanks is greatest when they are erected above 
buildings. I fully agree with Mr. Ketler that buildings 
should be carefully examined by a engineer to 
ensure that they will safely carry the load to be imposed 


competent 


upon them. His suggestion that a standard specification 
should be adopted by all parties interested is a timely one, 
as the recently developed specifications of the Associated 
Mactory Mutual Fire Insurance Companies can be used as 
a basis, such changes or additions being made as seem neces 
sary so that the standard will thoroughly cover all conditions. 
It would be desirable to have this Society assume the 


ship in the work. 


leader 


Mr. Freeman also advocates uniformity in the design and 
construction of tanks and towers, and recommends a stand- 
ard specification following along the lines of those of the 
Factory Mutual Companies, 

In reply to Mr. Blackburn's suggestion that the vertical 
seams above the first course be double riveted, I have not 
considered it necessary to advise this, since experience with 
the single-riveted joints has thus far been quite satisfactory. 
Certainly if much trouble from leakage at these joints should 
be experienced, the double riveting would be advisable. 

Mr. Hayes has brought up a point which should receive 
treatment, i.e., the wind load on the 


more careful tower 


members and pipe fittings. I have followed current practice 
in assuming the total wind pressure on these members as 
200 Ib. per linear foot height of tower and have not. as yet, 
attempted to vary the pressure to suit various heights and 
types of towers, although I believe that this is advisable. 
especially in the case of towers to support tanks for other 
uses, such as water works supplies. The 200 Ib. pressure 
wives reasonably accurate loadings for sprinkler tank towers, 
as the height of these is fairly constant within limits. A 
closer approximation of the loading, even for these towers. 
would, however, be appreciated by the designing engineer. 
The further point which Mr. Hayes mentions, that the 
actual wind pressure varies according as to whether the wind 
blows at right angles to plane of the bent or diagonally is, 
As a 


further refinement in determining the wind load on the strue- 


of course, correct, especially for angle-iron towers. 


ture, it would be well to give this matter consideration. 

Mr. Blauvelt’s comments regarding the use of the over- 
flow to determine if the tank is full, represent the best prae- 
tice, and I would say that the use of a mereury gage as a 
telltale is intended merely as a constant indieation of the 
water level, in place of the unreliable float and target tell- 
tale and other devices. 

In reply to Mr. Smith, 12,000 Ib. per sq. in. is considered 
a proper maximum allowable unit stress in compression for 
tank towers by most manufacturers and engineers. This 
stress is none too conservative, in view of the very special 
type of the structure where failure of one post member re- 
sults in immediate and complete collapse. Furthermore, the 
towers are exposed to the weather, and as they are usually 
the property of comparatively small companies unfamiliar 
with the proper care of steel structures, they will not be in- 
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spected and kept painted as will steel railroad bridges and 
other structures, and so the steel members should have some 
additional thickness, in order that they may remain service- 
able even after some considerable corrosion has taken place. 

I agree with Mr. Smith that a brass or brass covered pipe 
at the expansion joint is preferable to the iron pipe and 
believe that this would remove the last possibility of binding 
through corrosion in the present design. This improvement 
may be secured in time, but the expansion joint shown is so 
much better than what has been used that it seemed wise 
not to add further to its cost at this time, since there un- 
doubtedly would have been serious objections raised by the 
manufacturers for commercial reasons. The advantage of 
the brass follower is, of course, its non-corrodibility, which 
will permit its being moved to tighten the packing even if 
the iron pipe is corroded, as mentioned by Mr. Smith. The 
oil lubricant with which the packing is saturated will 
naturally prevent any appreciable corrosion of the pipe 
where it bears on it and so permit of movement of the pipe 
without injury to the packing. 

The suggestions made by Mr. Pillsbury are important and 
the data which he has given regarding stress formulae will 
undoubtedly be useful. 


FIRE PUMPS 


By Ezra E. Crark,' Boston, Mass. 


Non-Member 


Broadly speaking, any device by which water can be 
thrown on a fire is a fire pump. In its simplest form, 
it is a bucket of water and a man. In the earliest days 
the bucket was supplemented by huge syringes in the 
form of a bladder or bellows. Later they were made 
from brass cylinders and were called ‘‘squirts.’’ From 
these crude appliances were developed the hand and 
steam fire engine around which cluster the memories 
of many exciting contests during the last century. 
These devices, however, are all portable in character, 
and valuable time is often lost in bringing them to the 
scene of action. Manufacturing properties, particn- 
larly, were often located at such a distance from fire 
engine stations that prompt service was impossible. 
The inealeulable value of a few gallons of water at the 
beginning of a fire became self-evident, so that pumps 
fixed upon the premises, connected to a water supply 
and a source of power, were introduced. Later these 
were connected to a system of piping about the yard 
and in the mill, and the pump then became available 
to supply sprinkler heads, or furnish fire streams from 
hydrants. 

In this paper, the term fire pump is to be used in its 
restricted sense, i. e., a pump that is installed in a fixed 
position for fire purposes. In this sense there are three 


1 Engineer and Inspector, Associated Factory Mutual Fire Insurance Com- 
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or four distinct types, generally acknowledged; rotary, 
duplex, centrifugal, and power pumps, any one of 
which, of course, could serve as a fire engine by mount- 
ing it on wheels and providing a source of power. 

The type of pump to be selected should be deter- 
mined by the character of power available for the pur- 
pose. Naturally the most reliable source of power at 
any situation would be chosen, and then a 
selected that can best be driven with that power. This 
should be the general rule. Every type of pump, how- 
ever, has its own limitations and these must be kept in 
mind when studying the whole problem. The natural 
selection would be a pump that can run at or near the 
speed of the prime mover. One instance has been noted 
where a centrifugal pump was connected to a water- 


pump 
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Fic. 1 Part Section or Rotary Pump, Tyre B 


wheel through a pair of spur gears having a ratio of 
5 to 1, and another case where an electric motor was 
connected to a rotary pump through spur gearing hav- 
ing a ratio of 1 to 5. In each case, the pumps took 
their suction supply under a head. Both cases may be 
dismissed as examples of poor engineering, for the 
requirements of fire service would have been much bet- 
ter served if the two pumps were to exchange places 
and the reduction gears omitted, thus securing the sim- 
plest, cheapest and most reliable arrangement. 

The earlier mills were operated almost exclusively 
by waterwheels and their usual speed made it compar- 


atively easy to connect with rotary pumps. Thus, a 


great many pumps of this type found their way into 
the wheel pits of mills, although they were too often, 
unfortunately, poorly located. Power plunger pumps 
were used in a few cases, but the rotary came to be 


| 

Pe 

| ( | 
= 
| 
| 
4 

| 
| 

in 
; 


FIRE PUMPs, EZRA E. CLARK 161 


the prevailing pump, owing to its simplicity, cheapness 
and adaptability to the prevailing power. Where 
waterwheels of ample power and moderate speed are 
available, the rotary type of pump becomes the logical 
choice, for the two can often be direct-connected, or 
some simple form of transmission, such as friction 
gears, or a silent chain having a low speed ratio can be 
employed. The impulse form of waterwheel with its 
high speed would find a better selection in the centrifu- 


Fic. 2.) Working Cams or Rotary Pump, Tyre B 

gal pump, requiring no intermediate gearing. In 
Weighing the claims of the several pumps for a situa- 
tion, three things should be kept in mind: the char- 
acter of the power available, the limitations of the 
pump and the fact that the simplest drive is the best. 


ROTARY PUMPS 
There are so many indifferent rotary pumps in mills 
and factories that the mere mention of a rotary raises 
Still, it should 
be remembered that even with the imperfect construc- 
tion of the old time east-iron rotary, they have given 


doubts as to its value for fire purposes. 


Tt 


Fic. 3) Water usep on Rotary Pump Suarts, Tyre B, 


AS SUBSTITUTE FOR STUFFING Box 
some very effective service at critical times. However, 
I invite your attention to that product of the rotary 
pump builder that meets the present insurance speci- 
fications and notably that which is designated as Type 
B (Figs. 1 and 2). 

Several features of this design were proposed and 
developed by the author in 1904. They were not im- 
mediately adopted, as some experimental work was 
necessary, and new patterns were required. These 
new features were chiefly as follows: In place of the 


usual two sets of overhung cast-iron gears, one extra- 
heavy pair of cut steel gears is substituted, preferably 
forged solid with their shafts; these gears are sup- 
ported on either side by generous bearings, and the two 
shafts are larger and stiffer; all bearings are provided 
with liberal oil reservoirs and ring or chain oilers; in 
place of the usual stuffing boxes, a special form of metal 
water joint has been adopted, which is giving excellent 
service, thereby avoiding the use of perishable pack- 
ing. The usual fire pump features are also provided ; 
viz., the casing and working parts exposed to corrosion 
are of bronze; there are more liberal water passages ; 
the working cams are of a new design to insure reason- 
ably smooth running; and the usual air chamber, hose 
connections, an approved spring relief valve and start- 
ing valve complete the arrangement. The press frame 
carrying the friction gear is now fitted with a heavy 
spring that maintains the gears in contact, and com- 


hic. 4 Tyrican Press Frame ror Friction GEARS DRIVING 


Rotary Pumps 


pensates for a possible lack of truth in their running 
(Fig. 4). 

These pumps are not intended for daily service as 
the wear between cams and casing would soon render 
them inefficient. But for the brief periods of fire 
service, considerations of wear are of less importance 
than certainty of action. Full particulars as to their 
construction can best be gathered by a study of pub- 
lished specifications. The effort has been to secure a 
rugged, reliable pump capable of doing hard work, 
These 


pumps are obtainable today from at least two manufac- 


resisting corrosion and withstanding abuse. 


turers, and cost somewhat less than a duplex pump. 
The limited number that are already in the field are 
so far giving excellent satisfaction. 


DUPLEX PUMPS 


Where steam is the most reliable source of power, the 
duplex Underwriter pump is usually the choiee, be- 
cause of its record of proved value. It is also much 
the cheapest of any steam-driven fire pump of accept- 
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able reliability, selling for approximately ten cents a 
pound. In spite of its numerous parts, liable to de- 
‘angement, this pump has been so thoroughly boiled 
down, so to speak, that with present day construction 
it is proving to be one of the most reliable of fire pro- 
tection appliances. The steam-turbine driven centri- 
fugal pump is, of course, available for those who are 
willing to pay the price, but it costs approximately 


Fic. Pump, Tyre B, Partty DisMANTLED 
twice as much. Its main advantage over the duplex 
is its simplicity of working parts. Its disadvantages 
lie in the fact that a pressure of 100 to 125 Ib. of steam 
is required for good results, whereas, with a duplex 
pump, 50 Ib. of steam is ample for ordinary fire pres- 
sures. The outfit is also subject to the same limitations 
as to suction lift as all centrifugal pumps. When the 
steam turbine centrifugal has become standardized and 
its price made more nearly competitive with that of the 
duplex, no doubt it will receive a much wider intro- 
duction. 

As steam began to supplement and in eases to sup- 
plant water power in mills, steam-driven pumps were 
installed to help out or replace the rotary. At first the 
single cylinder pump was used, but the advent of the 
duplex pump marked the beginning of a better machine 
for fire purposes. The duplex type of fire pump is so 
well known that it is hardly necessary to describe it, 
full information as to construction being available in 
published specifications. When the development of the 
Underwriter type of duplex pump was undertaken 
by Mr. John R. Freeman in the early nineties, he found 
the pump as made for the trade lacking in several 
features needed for fire protection. The frequent fail- 
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ures in the field showed mainly that improvement was 
needed. Pump builders did not fully sense the impor- 
tance of some of the features that were demanded, and 
more or less opposition was encountered. 

The old trade duplex pumps were found with steam 
and water passages restricted, but these have been en- 
larged in the Underwriter type, and a higher speed 
thus made possible. The trade pumps were iron fitted 
and became rusted through neglect, so that they could 
not be started; the Underwriter pump is brass fitted 
wherever corrosion is liable to seize the working parts. 
In the older pumps, cast-bronze valve stems were used 
that worked loose or broke off; in the present Under- 
writer standard, these stems are of rolled bronze and 
made heavier, and the guard and nut are so secured in 
place by a lock devised by the author that the parts 
cannot work loose (see Fig. 7). In the old trade pump 
it Was common practice to provide means of adjust- 
ment for the valve motion, and this adjustment some- 
times worked loose, or was tampered with, putting the 
pump in a lame condition; in the Underwriter design, 
all adjustment has been ruled out and a simpler and 
more reliable mechanism is now used. Special fire serv- 


Fic. 6 


SecTIONAL View OF UNDERWRITER STEAM Fire Pump 


ice fittings are attached, such as priming valves, start- 
ing valve, relief valve, hose valves, oil pump and lubri- 
eator, all these parts having been subjected to examina- 
tion and test before adoption. (See Fig. 6.) 

To incorporate these changes has taken time and it 
has been more or less an up-hill job. Experience, how- 
ever, has shown the value of these improvements and 
has indicated from time to time still further improve- 
ments which have been adopted, so that today we have 
a fire pump that is able to start at a moment’s notice, 
run at full speed if needed, and when supplied with 
steam, water and oil, will run continuously and deliver 


pe: 


fs 

fa 

\ 

5 

CRA 
— 

= 

3 

/ 

v 


FIRE PUMPS, EZRA E. CLARK 


its rated capacity, or more, against a fire pressure of 
75, 100, 150, or even 200 Ib. in special cases. 


ELECTRICALLY DRIVEN PUMPS. 

Where the electric motor is the most reliable source 
of power, the centrifugal pump naturally becomes the 
choice. The speed of a centrifugal pump can readily 
be made to conform to the speed of the standard motor 


Fic. 7 or Vatve Stem ANbD SpeciaL Nut Lock 


and all intermediate gearing avoided. The direct 
connected motor and pump thus form the simplest pos 
sible arrangement. It has, however, certain limita- 
tions which will be noted later, and there may exist 
conditions which some form of power pump electrically 
driven would meet with better satisfaction. 


Generar View or Underwriter Steam Fire Pump 


Comparatively few power pumps are in use as fire 
pumps, owing to their higher cost. Their best field 
is where a daily service pump of good efficiency is 
needed, that can in the emergency be used for fire 
purposes. The triplex type of power pump is much to 
be preferred to the single or duplex forms, owing to its 
steadier discharge pressure, and as it is usually built 
in the vertical form the floor space required is the 
minimum, <A strong point in favor of the triplex 
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power pump as compared with a centrifugal is its 
higher efficiency, running as high as 80 to 85 per cent 
for outside packed plungers as against the usual 65 
to 70 per cent for the centrifugal. That type of triplex 
pump employing one centrally located driving gear is 
much to be preferred to those having two overhung 
gears. Experience has shown that the central gear 
drive will better ensure an even distribution of power, 
and thus avoid undesirable stresses on gear teeth and 
possible breakage, A notable example of the central 
gear triplex power pump may be found in the high- 
pressure fire service station in’ Philadelphia, where 


seven such pumps are operated by gas engines, and 


View or Power Fire Pump 


have given excellent satisfaction with a minimum of 
repairs. 

The centrifugal pump is comparatively a neweomer 
in the fire pump field. It is distinguished from all 
others in being a velocity pump, the pressure varying 
directly as the square of the peripheral velocity of the 
impeller. The electric motor is no doubt responsible 
for its coming so rapidly into favor. The constant 
speed motor direct-connected to the pump makes the 
simplest and cheapest arrangement and affords a fairly 
wide range of capacities and pressures. The variable 
speed motor or steam turbine, costing a little more, 
would place the pump more nearly on a par with the 
steam duplex as to range of pressures, and, the author 
believes, would make the preferable outfit. Its greater 
cost, and complication is the general objection to it. 

There are two types of centrifugal fire pumps built, 
one with the simple cylindrical case, known as the 
volute pump, and the other with a diffusion vane cas- 
ing or chute case. The diffusion vane type, sometimes 
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called the turbine pump, employs a series of gradually 
enlarging passages that permit a more gradual change 
of the velocity of the water into pressure than does the 
volute, thus resulting in some slight gain in efficiency. 
This, however, is not an essential part of an acceptable 
fire pump, and as the volute type of pump is much 
simpler in construction, and yields efficiencies that are 
satisfactory (60 to 70 per cent), this type of centrifu- 
gal fire pump is being generally adopted. This type 
also lends itself better to the horizontal division of 
casing, which is preferred to the circumferential divi- 
sion, as it permits quicker and better access to the in- 
terior for overhauling or cleaning. 

The simplicity of the centrifugal, having but one 
moving part, appeals to every engineer. There are no 
valves to choke up, no plunger to wear out, no valve 
motion or gears to break, and no dangerous pressures 
possible even with all outlets closed, unless specially 
provided with a variable-speed prime mover. The dis- 


the centrifugal to situations where there are easy suc- 
tion supply conditions. 

In cost the centrifugal pump with bedplate is but 
little more than the duplex per pound, but the addition 
of driving motor brings up the price very materially, 
so that the outfit combined costs 15 to 16 cents per lb., 
and weighs about the same as a duplex pump. For a 
given type, the speed of a motor determines its size 
and influences the total price of outfit. It may roughly 
be stated that the centrifugal pump and motor costs 
50 per cent more than the duplex. There is a wide 
difference, however, in the weights of the same size 
pump among different manufacturers. 


INSTALLATION 


The success or failure of a fire pump depends very 
much on its being properly erected and connected up. 
Briefly, it may be said that a fire pump must be so 
located as to be safe at all times from the breakage 


Fig. 10 Fire Dirrvsion VANES 


charge is steady, smooth, devoid of shocks, and more 
nearly approximates that from a gravity supply than 
any other pump. But it has its limitations, which 
should be fully realized and considered in making an 
installation. Unless provision is specially made for a 
variable speed, its maximum working pressure is usu- 
ally not planned to be very much above 100 lb. pres- 
sure, running for the smaller flows in some cases up to 
130 or 140 lb. Consequently the water pressure needs 
of a situation should be carefully studied before deeid- 
ing on this form of pumping outfit, and if higher pres- 
sures are needed, either a special form of impeller 
should be substituted or a variable speed provided. 

A centrifugal has no power to exhaust the air from 
a suction pipe, as has the rotary, duplex, or other dis- 
placement pump. For this reason, the suction supply 
should come to the pump under enough head to flood 
the pump casing, thus insuring its being primed. If 
a lift is unavoidable, then it becomes necessary to pro- 
vide a suitable foot valve and a generous supply of 
priming water, enough to fill completely the suction 
pipe and pump easing. This feature, of course, limits 


of its pipe connections due to the falling of floors and 
machinery, and safeguarded from any influence such 
as smoke, fire or flood that might drive away the opera- 
tor. It should be accessible at all times for operating 
and overhauling, and not blockaded by miscellaneous 
storage. It must permit of practicable pipe connec- 
tions, the suction pipe receiving first consideration, and 
the steam and discharge pipes so run as to be safe from 
damage and always be in commission. The exhaust 
should go direct to atmosphere, and not be tied up with 
other pipes. 

The suction supply should preferably be practically 
inexhaustible, such as a river or lake, and a suitable 
intake, properly sereened, provided. Where a stored 
supply only is available, it should be large enough to 
supply the pump for two hours, more or less, depend- 
ing on conditions. No cast-iron rules can well be estab- 
lished as the insurance engineer having jurisdiction is 
expected to weigh conditions, and secure a_ reliable 
pump service without expensive or complicated refine- 
ments. Full details as to pump installation have been 
covered in the several publications and specifications 


: 

| 

, 

plas 

he 

| 


FIRE PUMPS, EZRA E. CLARK 165 


which from time to time have been developed in the 
Factory Mutual Inspection Department. 

It will perhaps be of interest, and not altogether with- 
out value, to look a bit into the future and try to dis- 
cern what is to be the development of the fire pump. 
It is not at all unlikely that the steam turbine centri- 
fugal will gradually displace the duplex pump, as its 
design becomes simplified and standardized, and its 
cost lowered. Where steam is not available, we shall 
find the electric-driven centrifugal, or the gasolene 
driven rotary, and as fast as its development permits, 
the gas-turbine driven centrifugal will possibly win 
recognition and receive adoption. To whatever extent 
insurance Interests adopt these new appliances, it will 
be done with an eye single to their proved value, as 
regards simple and rugged construction and reliability 
of performance. 


Pic. 11 or Stream Turpine Driven CentTRIFUGAL 
Pume 


DISCUSSION 

ALrrep B. Upon the practical side of the 
operation of fire pumps, | think the author of this paper has 
called attention, in one of the final paragraphs on Installa- 
tion, to a very important consideration, which was not men- 
tioned in the presentation of the paper. It is such a simple 
matter, that it seems surprising that engineers in laying out 
new plants, will connect the exhaust of steam-operated fire 
pumps with other exhaust lines, and then supply stop valves 
by which these pipes can be cut off from the exhaust line to 
prevent back-pressure and condensation, not realizing that 
when the fire pump is needed in a hurry, it will be impossible 
to operate it effectively, because there will be no free outlet 
for the exhaust steam. Such conditions have been diseov- 
ered, much to the chagrin of those in charge of otherwise 
admirably constructed plants. 


A. Buatvett (written). Referring to the section of Mr. 
Clark’s paper on electrically driven pumps, it is my observa- 
tion in the field that the electrie motor centrifugal pump is 
as vet considerably short of working development as com- 


pared to the Underwriters steam fire pump. The steam pump 
is a self-contained affair including the more essential fittings, 
and ordinarily is handled successfully when needed. The 
electrically driven pump thus far appears always to require 
considerably more skill and sense of time on the part of the 
operator. The motors are excellent and so are the pumps, 
but neither pump maker nor motor maker appears to know 
each other, nor do either appear prepared to deliver a com- 
plete pumping set, fully fitted and adapted to unfamiliar 
and incompetent handling in a degree comparable to the 
steam pump. Meantime, mismoves, or delay or total failure 
ot starting, mark the attempt of watchmen or other men not 
trained to the electric pump. I take no pride in the vari- 
ous electric pumps installed in our practice thus far, and 
have less esteem for similar jobs set up under other auspices. 
Doubtless as the trade increases some shop will put out a 
complete and self-contained electric pump, with fittings inter- 
locked or timed against mismoves. 


Tus Action. Irom the remarks of Mr. Blauvelt, it ap- 
pears that he finds that men not trained to the electric 
pump make nusmoves, or totally fail to start the pump. This 
is also true of men not trained to steam or rotary pumps. 

It should be remembered that the steam fire pump has been 
growing up with us for 40 or 50 years, and there is a larger 

unber ot average men familiar with such apparatus than 
there is familiar with the electrically driven centrifugal 
pump. The latter has been with us but a few years, and 
tor the average man it is still somewhat of a novelty that he 
but vaguely comprehends. 

A remedy tor this situation does not appear to be get- 
ting the pump maker to know better the motor maker. It 


is rather for the pump operator to know better the appa- 
ratus under his charge. It has not been found necessary for 
rotary pump builders to furnish the waterwheel driving 
the pump, nor has it been necessary for steam pump makers 
to go into the steam boiler business. 

The troubles arising from centrifugal outfits are mainly 
due to errors in installation, or a failure to realize the lim- 
itations as well as the possibilities of this type of pump. 

A properly installed centrifugal and motor is one of the 
simplest of fire pumps, and easy to start. Regarding inter- 
locking devices to prevent mismoves, these are but compli- 
cations that add to the confusion of the operator. A simple 
device under intelligent control is much to be preferred to 
automatic control involving added complications. It is not 
necessary for a man to be an electrician in order to operate 
a motor driven centrifugal, any more than it is necessary 
for a steam pump operator to be an expert in hydraulics, 
-neumaties, and the use of steam. But he-does need to know 
something about these matters in either case, and especially 
to know the use of the fittings and devices that he sees before 
him. There is no positively certain way to prevent an in- 
competent man from making the fool move. 

There will no doubt be improvements made from time to 
time based on experience tending to standardize these out- 
fits, whieh will simplify their operation; but the lack of con- 
fidence in present apparatus which is expressed by the gen- 
tleman is not shared by the author. 
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NECROLOGY 
GEORGE WESTINGHOUSE 


George Westinghouse, Past-President and Honorary Mem- 
ber of the Society, died in New York on March 12, after 
an illness of several months. He was born at Central Bridge, 
N. Y., October 6, 1846. A few years later his father, who 
was a manufacturer of agricultural machinery, moved to 
Schenectady, where the boy attended the public schools and 
outside of school hours and during vacations studied me- 
chanies and learned to handJe machinery at his father’s shop. 

When the Civil War came on the patriotie ardor which 
filled the youth of the country drew young Westinghouse 
into the volunteer army. Although he was under the age 
for enlistment. his size and strength were such that he was 
De- 
cember 1864 he became an assistant engineer in the navy, 
serving in that capacity until August 1865. 

After the war he returned to Schenectady and entered 
Union College, but this was a classical institution and the 
bent of young Westinghouse was in the direction of mathe- 
matics and engineering. Acting upon the advice of the 
president of. the college, who felt that such latent ability 
should be given an unrestricted opportunity for growth, he 
left before graduation and started seriously upon his career 
in engineering. 

Putting the president’s advice into practice, he took eut 
his first patent. He a crew of railroad men 
tediously working to replace a derailed car on the tracks 
and thought their primitive methods were wasting time. 
He invented a simple device for the operation and undertook 
to sell it to the railroads. 

On one of his journeys “ frog selling,” as he has called it, 
he was close to a collision of trains. The brakemen, tug- 
ging at their handbrake wheels, did their best, but the best 
of handbrakes were primitive affairs, and in emergencies 
almost useless. He conceived the idea of instantly braking 
an entire train with some form of power apparatus con- 
trolled by the locomotive engineer. 
much experiment, he was satisfied that he had made a prae- 
tical design, but he was without capital to manufacture the 
equipment of even a single train and to get the invention 
He went to Pittsburgh, where he obtained encourage- 
He patented the air 


admitted to the service, first joining the eavalry. In 


had seen 


In a year or so, after 


tried. 
ment enough to begin in a small way. 
brake in 1867. 

The first train to which this brake was applied ran on a 
line west from Pittsburgh and on what is now a portion of 
the Pennsylvania Railroad. During the trial trip a collision 
with a loaded team stuck on a grade crossing was prevented. 
This practical illystration of the utility of the invention led 
to the adoption of the brake. Mr. Westinghouse, retaining 
the control of his invention, undertook to manufacture it and 
organized the Westinghouse Air Brake Company, establish- 
ing at Pittsburgh the business which subsequently became 
the nucleus of the many industries associated with his name. 
He later applied compressed air to switching and signalling 
and utilized electricity in this connection. From this grew 
the Union Switch and Signal Company. 

His introduction of electricity into switch and signal work 
led him far into electrical experiment and he devoted his 
energies to a cause in which few then believed, the adoption 
of the alternating current for lighting and power, in which 
he had to meet and overcome almost fanatical opposition, 


Which in many states sought legislation against the use of 
the alternating current as dangerous to the public welfare. 
In 1585 he aequired the patents of Gaulard & Gibbs, and 
having undertaken a comprehensive study of the distribution 
and utilization of electrical currents in a large way, he per- 
sonally devised apparatus and methods for the work, and 
gathered around him a group of men who were to become 
experts in the new electrical art. He also organized the elec- 
trical company which bears his name and undertook the de- 
velopment and manutacture of the induction motor which 
made practical the utilization of the alternating current for 
power purposes. 

The Westinghouse Machine Company was established by 
Mr. Westinghouse in the 80’s for the manufacture of high- 
speed steam engines, and at this plant has come in succession 
the construction of large steam engines, gas engines and 
steam turbines. 

Following the diseovery of natural gas in the Pittsburgh 
region, Mr. Westinghouse devised a system for controlling 
the flow and for conveying the gas over long distances 
through pipe lines, thus supplying fuel to the homes and 
tactories of Pittsburgh. He took up the study of the gas 
engine, and for ten years conducted a series of exhaustive 
experiments in this line, at the end of that time putting into 
commercial use a gas engine of large power for electric gen- 
ating. 

Mr. Westinghouse introduced the Parsons steam-turbine 
into this country, adding to it improvements and develop- 
ments of his own, and others carried out under his super- 
vision. The reduction gearing for driving the propeller 
shaft of a ship by means of a steam turbine was developed 
at the Machine company’s works, with the codperation of 
the late Admiral Melville and John H. Macalpine. 
cently, also, the Westinghouse air spring for motor vehicles 


Very re- 


was brought out. 

It is impracticable to enumerate here the inventions which 
Mr. Westinghouse had personally made or those which his 
siafi have brought forth under his supervision. As a result 
of this work and enterprise, there have grown thirty ecor- 
porations of which he was president at one time, employing 
50,000 men, with 
Swissvale and Trafford City, Pa.; at Hamilton, Canada; 
London and Manchester, England; Havre, France; Vardo, 
Italy; and at Vienna and St. Petersburg. 

Mr. Westinghouse made many visits to Europe in connec- 


works at Wilmerding, East Pittsburgh, 


tion with his inventions and industries. There as in his 
own country he won the friendship of the foremost men of 
his time and the high esteem of the engineering profession. 
He has been decorated by the French Republic and by the 
sovereigns of Italy and Belgium; and he was the second re- 
cipient of the John Fritz Medal “ for the invention and de- 
velopment of the air-brake,” Lord Kelvin, his friend of 
many years, having been the first. The Ko6nigliche Tech- 
nische Hochschule of Berlin bestowed upon him the degree 
of Doctor of Engineering; and his own college, Union, gave 
him the degree of Ph.D. The Edison Gold Medal was pre- 
sented to him in 1912 for his “ meritorious achievement in 
connection with the development of the alternating system 
for light and power.” In 1913 the Grashof Medal of the 
Verein deutscher Ingenieure, the highest honor in the gift of 
the engineering profession of Germany, was awarded to Mr. 
Westinghouse on the occasion of the official visit to Germany 
of the American Society of Mechanical Engineers, and ac- 
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companying the medal which read: “ To 


George Westinghouse, who opened up new fields by his in- 


was a certificate 
vention of the automatic railway brake. successfully fought 
jor the introduction of the alternating current in the United 
States, and did useful work in the designing of high speed 
machinery.” 

Besides his honorary membership in The American So- 
ciety of Mechanical Engineers, Mr. Westinghouse was one of 
the two honorary members of the American Association for 
the Advancement of Science and an honorary member of 
the National Electric Light Association. Mr. Westinghouse 
married Marguerite 
Erskine Walker, who with a son, George Westinghouse, Jr., 


was two months under 21 when he 


survives him. She was his sympathetic and understanding 


companion throughout lus whole career. 


MEETINGS 
ATLANTA, FEBRUARY 18 
A meeting of the aflilated technical societies of the city 
of Atlanta was held at the Carnegie Library of that city on 
February 18. The South 
acted as the hosts of the occasion, W. A. Hansell, Jr., Presi 


Engineering Association of the 


dent. presiding. Each of the organizations was well repre 
sented, 

C. E. Kaufman, in charge oi bridges and buildings in the 
department of the cliet of construction of the city, and a 
member of the Engineering Association of the South, pre- 
sented a paper on The Plaza over the Railroads in Atlanta’s 
Center, with a number ot 


Business explanatory drawings 


and details of grades, ete. ‘The cost of the scheme was esti- 
mated by Mr. Kaufman at $1,714,000, 

General discussion was entered into treely by representa- 
Mr. Haralson Bleckley of 
the American Institute of Architects, the originator of the 


tives of all of the organizations. 


idea of the plaza, gave a very interesting talk from the 
artistic standpoint. 


BUFFALO, FEBRUARY 26 

At a meeting in Buffalo on February 26 in the University 
Club of that city, an informal dinner preceded the business 
of the evening. James Hartness, president of the Society, 
spoke on the Human Factor in Management, upon which he 
is an authority, dwelling principally on the necessity for ree- 
ognizing that habit is one of the natural characteristics of 
one’s nature and that we should take advantage of it in any 
scheme for organization. 

He was followed by Calvin W. Rice, Secretary, who spoke 
of the work of the Society and its extension throughout the 
country in the local meetings, with the object of serving the 
members, who should in turn make it their aim to serve the 
He also spoke of the 
service which the library is rendering to members at a dis- 


Society and threugh it the profession. 


tance through its staff of searchers and its bibliographies. 


BOSTON, MARCH 4 

The annual dinner of the engineering societies of Boston 
was held on March 4, at the Boston City Club, the presidents 
of the national engineering societies being the guests of 
honor. 

Guy E. Tripp gave the principal address of the evening 
on the National Government and Business, in which he said 
he eould not attempt in a short address to cover all the 


points involved in the legislation now before Congress, atfect- 
ing the operation of publie service corporations, and urged 
every engineer to secure copies of these bills and acquaint 
himself with their features. He defended American business 
interests, as involving sane or fair competition. 

He was followed by Dr. A. E. Kennelly, vice-president of 
the American Institute of Electrical Engineers, who spoke 
on the work of the LE.C.; and by C. O. Mailloux, president 
of the American Institute of Electrical Engineers, who em- 
phasized Dr. Kennelly’s work in the standardization of the 
nomenclature of the electrical field. 

James Hartness, president of the Society, spoke of the 
industrial progress in Germany and of the encouragement of 
legitimate business in America. 

The closing address was made by Dr. M. W. Franklin, of 
the Sprague Works, General Electrie Company, on Ozone 
Applied to Ventilation. 


BOSTON, MARCH 11 


The March meeting of the Society, held at the Wentworth 
Institute on South Huntington Avenue, on March 11, was a 
symposium on welding topics. The purpose of the meeting 
was to bring out the advantages of welding over other meth- 
ods of repair, and the possibilities of resorting to such means 
in place of renewal of parts; also to show to what particular 
fields of industry or classes of work the several methods of 
welding may have special adaptation. The various welding 
methods were individually treated as follows: Oil furnace 
methods by W. N. Best, consulting engineer on oil furnaces 
and oil heating, New York; electric welding processes by the 
Thompson Electric Welding Co., Lynn, Mass.; oxy-acetylene 
welding, by Henry Cave, president of the Autogenous Weld- 
ing Co. of Boston, and thermit welding by W. R. Hurlburt 
of the Goldsmith Thermit Co. of New York. The methods 
were illustrated by lantern slides and by practical demon- 


Strations. 


NEW YORK, MARCH 10 


A joint meeting was held by the Society on March 10 with 
the American Institute of Mining Engineers and the Amer- 
ican Electro-Chemical Society, on the subject of Color Pho- 
tography. There was a large audience and many beautiful 
slides were shown of colored transparencies made by the sev- 
eral different processes now used in color photography. 

The first speaker was Mr. F. E. Ives, whose pioneer work 
in photography and half-tone engraving is well known. He 
said that in 1888 he had given demonstrations upon the 
sereen of color transparencies which had created a profoune 
sensation, and in 1889 had prepared colored slides to illu:- 
trate lectures on Yellowstone Park, ete., at the Franklin Io- 
stitute and elsewhere. The public, however, demanded col- 
He exhibited at this meeting, for the 
first time, some of the results of new processes of his own 


ored prints on paper. 


which made color photography on paper practical in the 
The 


first requirement in trichromatie process photography is a 


hands both of professional and amateur photographers. 


camera which will make at one exposure three separate nega- 
tives to represent the three primary subtractive colors. He 
exhibited a camera for this purpose known as the “ tripak,” 
about the size of an old style box kodak, which employs a 
plate pack from which the name of the camera is taken. The 
pack is used in a single plate holder and handled as a unit 
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until the negatives are developed and fixed. The three plates 
are exposed respectively through orange-red, green and vio- 
let-blue screens. After developing and fixing, three sepa- 
rate prints are made on a transparent film coated with bi- 
chromated gelatine. The exposed film is then developed in 
hot water, making a gelatine relief print, the three images 
of which are immersed in their respective dye baths: peacock 
blue for the negative made with the red light; magenta pink 
for the negative made with the green light, and yellow for 
the negative made with the blue light. The transparent 
prints are then superimposed and cemented together, giving 
a reproduction of the colors actually existing in the subject 
photographed. 

The Lumiere process was described by Westley Allison. 
The glass plate to be used is first covered by a mixture of 
minute starch particles dyed orange-red, green and _ violet- 
blue, equally distributed over the surtace and filled in with 
lamp black, after which a coating of panchromatic emulsion 
is applied. The plate is exposed in the camera with the glass 
side toward the lens, producing a negative, which is at- 
fected according to the amount and quality of light 
transmitted through the colored grains. The negative is 
developed, but before fixing is treated with a permanga- 
nate of potash solution which converts it into a positive. The 
varying density of this positive in connection with the col- 
ored grains produces the desired colored effects when the 
plate is held to the light. 

C. W. Robinson spoke of the Joly, Macdonough and the 
Powrie-Warner processes. In all of these processes a screen 
ruled with parallel red, green and blue lines is interposed 
between the lens and the sensitized plate; or the screen may 
be made a part of the plate. The lines on these screens are 
produced on successive coatings of bichromated emulsion by 
exposure through a ruled grating and each set of lines is 
colored by dyeing. In the early Macdonough process, how- 
ever, the lines were ruled by hand and were made as fine as 
300 to the inch, but in the Powrie process the lines were 
ruled photographically and 3000 lines to the inch are easily 
obtained. In the Powrie process it is not necessary to adjust 
the transparency to the screen as in the other ruled or mosaic 
screen plate processes because the screen can be placed at 
right angles to the position it was in at the time the plate 
was exposed and produce good results, on account of the 
finely ruled lines. He said that Mr. John H. Powrie and 
Miss Florence M. Warner, both Americans, had worked ex- 
clusively on the development of this process for the past 
eighteen years. 

George F. Clifton showed beautiful slides made by the 
Paget mosaie process. In this as in the Joly, Maedonough 
or Powrie system, a colored sereen is used when exposing the 
negative, but in the form of a mosaic composed of colored 
particles, hexagonal in shape, which fit closely together and 
are more transparent than the starch and lamp black grains 
of the Lumiere process. 

The meeting concluded with remarks by John B. Taylor, 
Dr. U. S. Kahn and Henry Hess. 

Mr. Taylor, who is an amateur photographer, showed a 
number of slides; Mr. Kahn referred to a new paper called 
Utocolor, a color paper made abroad, which had lately been 
introduced in America, permitting the printing of colored 
pictures directly from a properly exposed autochrome plate; 
Mr. Hess spoke briefly of his interest in color photography, 


and especially of his interest in forwarding the work so sue- 
cesstully done by Mr. Ives in producing colored paper prints, 
and the standardization of the process to bring it within the 
capacity of the amateur. 


CHICAGO, MARCH 18 


A banquet was held in Chieago on March 18, at which 
225 members and guests were present. Large Steam Power 
Plants was the subject of the evening, a number of prom- 
inent engineers having been invited to discuss the various 
phases of present day operation and suggest improvements 
for the future. W. B. Jackson acted as toastmaster. 

I. E. Moultrop was the first speaker of the evening, and 
preceded his technical address with a short talk on the work 
of the Society, especially as related to the increase of mem- 
bership campaign. He called attention to the great impor- 
tance of the boiler room and where the most intelligent 
supervision wae required, and said that there was a lack 
of suitable CO, recorders, steam meters, dratt gage, ete. 

J. W. Parker spoke at some length on boiler operation, 
explaining instances that decided in favor of a large unit. 
He believed this would work out for better results in the 
operation of the boiler room, and said that the limit of size 
had not vet been reached. A very large boiler is not any 
more difficult to take care of or more expensive to operate 
than the standard size equipment of such apparatus. 

John Hunter stated that he had practically just “ come 
on shore” from marine work. He told of placing wooden 
patches on the boilers he operated while in the maritime 
service, and explained in detail how the Missouri Light and 
Power Plant is operated in parallel with the Keokuk Hydro- 
Electrie Plant, from which 60,000-kw-hr. service is taken. 

W. L. Abbott closed the discussion with a talk in which 
he related his many interesting experiences as cliet operat- 
ing engineer of the largest power plants in the world. He 
argued for a reduction in the number and size of chimneys, 
with a corresponding increase in the number of torced dratt 
installations; also for a further reduction of the flue gas 
temperature by applying the gas to the feedwater system 
of the plant to a much greater extent than is found in 
present practice. 


PHILADELPHIA, MARCH 14 


A meeting of the Society with the Engineers Club of 
Philadelphia was held in Philadelphia on. Mareh 14 and was 
preceded by the brief transaction of business. 

I. E. Moultrop gave the paper of the evening upon Steam 
Power Plants, which covered a very wide field. Mr. Moul- 
trop described the location and general arrangement of the 
various plans, facilities for receiving, storing and handling 
coal, the supply of condensing water, the relative position 
of boilers, prime movers, switchboards, ete., and the arehi- 
tectural features of the buildings, both exterior and interior. 
He laid special stress on the importance of better economy 
in the boiler room and advocated the employment of men of 
the same grade of intelligence as skilled mechanics and the 
furnishing of apparatus to indicate the conditions under 
which the fuel is being burned. The increasing importance 
of pure feedwater was also pointed out. 

The paper was discussed by Wm. Eglin, A. C. Wood, W. 
C. Kerr, and Mr. MeFarren. 
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TESTS UPON THE TRANSMISSION OF HEAT IN VACUUM 
EVAPORATORS 


BY FE. W. KERR, BATON ROUGE, LA. 


Member of the Society 


JIIS paper deals with a series of tests made at the diameter; the use or non-use of downtakes to aid the 
laboratories of the Louisiana State University to circulation of the juice, and the methods employed for 
determine the effect of hydrostatic head, density of | removing incondensable gases. What appears to be 
heating steam, incondensable gases in the heating more or less conclusive data bearing upon the relative 
steam, density of the liquid being boiled, design of the merits of these different designs were obtained in the 
heating compartment, ete., upon the transmission of — tests. This is probably brought out best in the hydro- 
heat in vacuum evaporators of the kind used in the _ static tests, Fig. 7, also in the temperature level tests, 
sugar and other industries. Fig. 8. Both of these sets of curves, however, show the 
After making a number of tests on multiple evap- effects of difference of design only in the rough for the 
orators in sugar factories it was concluded that a spe- reason that the conditions of operation were not the 
cial experimental plant would have to be constructed same in all of the tests. In the case of the temperature 
for testing purposes, in order to control the conditions level tests there was considerable variation in the hy- 
of operation. Accordingly, an apparatus 
was designed and built in the mechanical 
laboratory of the Louisiana State Univer- tia | 
sity and Audubon Sugar School, and, al- | 
though considerably smaller than the av- ( 


erage commercial machine, was large 
enough to give results comparable with 
what might be obtained from units of 
commercial size. 

Five different designs of heating com- , a H 
partments varying as regards tube dimen- | yht " 
sions, tube arrangement, cireulation of ] se 
juice, steam distribution and manner of 


removing incondensable gases were tested. =) 
As it is very difficult to control conditions ane 
in the different bodies of a multiple evapo- oJ . | Space 
rator, it was decided to use an evaporator ‘Gage 
with a single body so constructed that the 
conditions existing in any of the bodies of 
a multiple evaporator could repro- 
duced. With this in view the apparatus 
was so designed that it was possible to 
change the type of heating compartment Vacus 
and to control at will the pressure of the =e 
heating steam, the vacuum under which 
boiling takes place, the quality of the 
steam, the amount of air in the heating 
steam, and the density of the liquid. 

The five calandrias tested differ from 
each other in several fundamental fea- 
tures. Most important among these dif- 
ferences of design may be mentioned pro- 


portions of tubes, that is, ratio of length to / \ 
Abstract of paper. Published in complete form in the | \ Wet Vacuum 
October 1913 issue of The Journal of THE AMERICAN —— rp 
SocieTY OF MECHANICAL ENGINEERS. Pamphlet copies ’ d 
may be obtained: price, 15 cents to members and 30 m 
cents to non-members. Fic. 1 GerNERAL ARRANGEMENT OF EXPERIMENTAL Vacuum EVAPORATOR 
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broken line curves are those corrected for 
hydrostatic head. The principal conditions 
during the tests are noted on the plat. 
Curves 3 and 5 show something as to the 
effect of varying the proportions of the 
tubes, the former for tubes 1%, in. by 24 
in. and the latter for tubes 2 in. by 48 in., 
some advantage being shown for the long 
tubes, at least for low temperature levels. 
The greater heat transmission in the long 
tubes is probably due to better circulation. 
The greater the ratio of the length of 
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drostatic head. In order to make these tests more nearly 
comparable the curves of Fig. 8 are reproduced in 
Fig. 9 with the necessary corrections for hydrostatic 
head based upon the curves of Fig. 7. The full line 
curves are taken without change from Fig. 8. The 


BY No. 18 B.W.G.; Tora. HEATING 


In. By 24 IN. Tuses 2 In. By 54 In. By No. 18 B.W.G.; 


ToraL HEATING SurFACE 86.21 Se. Fr. 


a tube to its cross-sectional or carrying area, the 
greater will be the heat transfer per unit of carrying 
area and this should increase the velocity of circu- 
lation. 

A comparison of Curves 3 and 4 shows a decided 
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advantage for the downtake calandria 2000 pang 
over that without a downtake. The tests 1800}—+ : | «x Calandria A 


on the downtake calandria were made 
with a hydrostatic head of 16. in., 
whereas those on the other were made 
with a 12-in. head. Correction for this 
difference would slightly increase the 
advantage shown for the downtake. 

Curves 1 and 6 show the results of 
the tests on two types of evaporators 
designed especially for efficient removal 
of incondensable gases. Both show co- 
efficients of heat transmission consider- 
ably in excess of those obtained with 
the standard types represented by 
Curves 3, 4 and 5. Curve 6 for calandria 
E, the baffle plate calandria with a head 
of 12 in., is only slightly higher than 
Curve 1 which represents D, the double 
tube calandria with an 18-in. head. 
These relations are also corroborated in 
a general way by the curves of Fig. 7. 
While the good results shown for these 
two calandrias may undoubtedly be at- 
tributed mainly to the more efficient 
separation of incondensable gases from 
steam and their removal, it is probable 
that the increased velocity of steam is 
also partly responsible. 


CONCLUSIONS 


The loss in heat transmission due to 
hydrostatic head is considerably in 
cess of the theoretical, and this excess is 
greater for short tubes than for long 
tubes. The loss with varying heads, 
other conditions being equal, varies 
according to a straight line formula. 

Other conditions being equal,. the 
lower the ‘‘ temperature level ”’ the 
smaller the coefficient of heat trans- 
mission; in other words, the lower the 
temperature and density of the heating 
steam the smaller the coefficient. The 
coefficient of heat transmission varies 
according to the equation 

U = 2.25+ 17500 D 
where D = density of heating steam in 
pounds per cubic foot. 

Air or other incondensable gases in 
the heating steam greatly reduce the 
heat transmission, even with relatively 
low vacua. The coefticient of heat trans- 
mission varies according to the equation 
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in which C is a constant, P, the partial pressure of the 
steam and P, the total pressure. The presence of ‘‘ air 
pockets *’ may be conveniently determined by means 
of thermometers in the steam compartment; good cir- 
culation and distribution of steam are important in 
preventing them. 
Increasing the density of the boiling liquid causes a 
loss in heat transmission due to the decrease in tem- 
perature fall. As the density is increased the boiling 
temperature inereases according to the equation y= 
CD*', in which C =a constant and D = density in 
deg. Brix. The total loss due to the density of the 
boiling liquid seems to be in excess of that due to loss 


HEAT IN VACUUM 
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are shown in Fig. 10. It was an experimental apparatus 
designed for testing out a compression cycle of evapora- 
tion, in which the vapor of a boiling liquid was compressed 
until its saturation temperature was high enough to evap- 
orate a corresponding quantity of the liquid when forced 
into the steam space of the calandria, at the same time con- 
densing itself. Thus the latent heat of evaporation was 
never rejected to the condenser as it must be from the last 
body of a multiple effect, but was used over and over again 
in the apparatus. A steam coil not shown in the drawing 
supplied heat lost by radiation and that dhe to the conden- 
sate leaving at a temperature higher than the entering feed 
though the heat exchange in the lower part of the apparatus 
returned much of this. 


TABLE 1 RESULTS OF TESTS ON FORBES DISTILLING APPARATUS 
Heat 
Com- Tempera- Tempera- Tempera- Tempera- Weight of Transfer, 
Test Duration, Base pression ture of ture of ture of Superheat, ture Water B.t.u. per Yield of 
Number Hours Pressure Pressure | Saturation, | Saturation, Compressor, Compressor Difference Distilled, Sq. Ft. Water per 
Absolute Absolute Base Compression Discharge Discharge = in Calandria Ib. per Deg. {.H.P-Hour 
Pressure Pressure Difference Ib. 
per Hour 

1 7.07 32.3 35.1 254.5 259 6 265.5 5.6 5.1 683.0 174 317 
2 6.13 32.3 36.6 254.5 261.9 272.9 11.0 7.4 1208.5 245 190 
3 3.37 37.5 41.4 263.4 209.4 273.1 3.7 6.0 492.5 222 225 
+ 3.32 41.6 46.6 269 6 276.6 279.0 2.4 7.0 549.1 214 257 
5 4.13 45.0 52.3 278.5 283 .9 294.0 10.1 5.4 782.5 316 254 
6 3.19 51.0 57.3 282.3 289.7 303.1 13.4 7.4 676.9 255 228 
7 3.16 51.9 56.8 283 . 4 289.2 292.3 3.1 5.8 594 7 291 314 
x 3.16 52.2 57.3 283.8 289.7 292.3 2.6 5.9 374.4 181 253 
9” 3.42 52.4 58.6 284.0 291.2 298 .1 6.9 7.2 672.4 245 225 
10 3.03 57.0 62.1 289.4 295.0 301.2 6.2 5.6 430.2 227 305 
11 2.89 57.0 63.6 289.4 296.5 304.5 8.0 i 629 4 274 222 
12 3.12 62.1 66.9 295.0 299.9 301.7 1.8 4.9 680.7 395 283 
13 3.16 62.2 68.9 295.1 301.9 310.0 8.1 os 816.2 339 221 
14 3.19 62.8 68.5 295.7 301.5 306.7 5.2 5.8 806.5 388 242 
15 3.18 7TO8 76.0 303 .7 308.5 308.5 0.0 4.8 544 327 201 
16 3.10 71.3 79.0 304.2 311.2 321.4 10.2 7.0 852.8 349 104 
17 3.18 72.1 80.6 305.0 312.6 315.3 2.7 7.6 634.8 232 207 
18 3.20 82.1 SS.3 313.9 319.0 323 .2 4.2 5.1 631.8 340 312 
19 3.14 82.3 90.9 314.0 321.0 327.0 6.0 7.0 1024.3 411 264 


of temperature fall. 
locity of circulation. 

The great temperature fall required in the last body 
of a multiple evaporator is due to the combined influ- 
ence of greater amounts of air, steam of lower density, 
liquid of higher density, also in many cases, more foul 
heating surfaces, than in preceding bodies. 

The downtake or circulation tube was shown to in- 
crease heat transmission materially. Long tubes give 
better results as to heat transmission than short tubes 
due to better circulation. 

The tests show that the double tube and the baffle 
plate calandrias gave greatly increased heat transmis- 
sion as compared with the standard types tested, and 
indieate that attention to steam distribution and the 
removal of incondensable gases is very important. 


This is probably due to lower ve- 


DISCUSSION 


H. D. Fisuer (written). Some years ago the writer had 
considerable experience with a calandria of the type shown 
in Fig. 3 of Mr. Kerr’s paper. Full details of the apparatus 


Steam from the compressor discharge entered through a 
2-in. pipe on one side, a little below the middle, and the 
incondensable gases were vented through a Yg-in. pet cock a 
ihe top and directly opposite. The apparatus was always 
run at pressures above atmospheric as thermodynamic theory 
shows an increased economy at higher base pressures, that 
is, the pressure in the vapor space, and low compressions. 
This is strikingly borne out by the results in the last col- 
umn of Table 1, of yield of condensate per i.h.p. hour of 
compressor. It was found, however, that at low rates of 
running there was not sufficient velocity in the entering 
steam to drive the air out from between the stall, closely- 
spaced tubes and it was only when the apparatus was work- 
ing at a good rate and with denser steam that satisfactory 
heat transfers in B.t.u. per square foot of surface per de- 
gree temperature difference per hour were obtained. 

The heating surface was new at the start of the test and 
examination at the close showed only a slight muddy de- 
posit on the water side and nothing on the steam side. 
Water levels were carried about 14 in. above the upper tube 
sheet in the vapor space and about 1% in. above the lower 
tube sheet in the steam space. 


Compression was apparently practically adiabatie as the 
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TRANSMISSION OF HEAT 
superheats in the steam in the compressor discharge agree 
quite closely with those caleulated from theory, but in all 
eases the amount of heat represented is negligible com- 
pared to the latent heat and it is very doubtful if the 
superheat has any effect whatever on the rate of transfer. 
Mr. Kerr’s apparatus is particularly adapted to the elim- 
ination of air as he has few large tubes and wide spacings. 
With commercial designs of ealandria even with a steam 
belt and six or eight contracted openings delivering steam 
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A. L. Wepre! (written). In interpreting the meaning of 
the results of Prof. Kerr’s experiments, several facts must 
be borne in mind: 
(1) The apparatus used was very small as compared with 
the equipments in practical use today. We know that the 
relation between a scale model and a full sized unit is prob- 


lematiceal. 


vacuum evaporators give much better results than large 


It has been our experience, as a rule, that small 


ones, 


This is probably due to the more thorough removal of 
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SECTION OF CALANDRIA 


Fic. 10 EXxprerIMeENTAL CALANDRIA DESIGNED FOR 


into the tubes at rather high velocities, it is doubtful whether 
it would be possible to obtain as perfect air venting and as 
high coefficients of heat transfer as he has done. The ratio 
of diameter to length of tubes corresponds to the best late 
practice and should give very satisfactory cireulation. 

The only criticism the writer has to offer is regarding the 
length of the tests, as unless steam pressure is very care- 
fully maintained the same at beginning and end, an uncer- 
tainty is introduced and with violent ebullition and cireu- 
lation, it is diffienlt to be sure a constant water level is main- 
tained inside the apparatus. 


TesTING ovT A Compression Cycie or Evaporation 


foul It is not practical to obtain a coefficient of 
transmission greater than 250 in every day work with large 
units of the types described in the paper as calandrias A, B, 
and C. 

(2) It must also be remembered that the displacement of 
the condensate pump apparatus many times 
larger in proportion to the surface in operation than in 
actual practice. On a 3000 sq. ft. body, it is customary to 
use a 12 in. single cylinder pump with a piston speed of 


gases, 


in his was 


‘Mechanical Engineer, John H. Murphy Iron Works, New Orleans, 


it 
4 
f y 


174 TRANSMISSION OF HEAT IN VACUUM EVAPORATORS, E. W. KERR 


about 50 ft. per minute. Professor Kerr does not give the 
size nor speed of this pump, but having seen his apparatus 
personally, we are confident that the displacement was far 
in excess of that suggested above. This would naturally 
purge the calandrias more completely of the foul gases, pro- 
ducing very high rates of transmission. 

(3) In all the experiments, the temperature of the feed 
tc the evaporator was very low as compared with the boiling 
point in the apparatus during the tests. It also has been 
our experience, confirmed by many tests, that far better re- 
sults are obtainable when the feed enters at or above the 
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cient of transmission. This is due to the slow velocity of 
cireulation when the surface is being used for heating, as 
compared with the very rapid circulation when it is used for 
boiling. We understand that it has been established in sur- 
face condenser practice that the coefficient of heat trans- 
mission is proportional to the square root of the velocity of 
the condensing water in the tubes. The same law should hold 
good with evaporator practice. 

With slow evaporation, small bubbles of steam cling to the 
surface actually insulating it from contact with the boiling 
liquid, and it is only after the cireulation is established that 
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boiling point, especially if it is admitted below the tubes. 
Those of the Society who have had experience if the opera- 
tion of apparatus of this kind in multiples have, doubtless, 
noticed that the temperature fall in the first of a triple or 
quadruple effect is always greater than in the second, in 
spite of the greater density of the liquor in the second body. 
This is, doubtless, due to the fact that in the first body, the 
feed is generally below the boiling point, and in the second 
considerably above it. 

The surface in a multiple effect is designed for evaporat- 
ing and not for heating. To prove this contention, we have 
tried to use a single body as a surface condenser with water 
on the inside of the tubes and steam on the outside, and we 
secured very poor results. As soon, however, as the liquid 
begins to boil, there is a remarkable change in the coeffi- 


these are swept off. so that we can readily understand why 
higher rates of evaporation give higher coefficients, and iong 
tubes are better than short ones. 

In this connection, we believe that we should be very 
guarded about coming to conclusions as to the relative merits 
of calandrias equipped with and without downtakes. This 
feed temperature problem would naturally affect the calan- 
dria without downtake more than the one with a downtake, 
and might neutralize the apparent advantage shown in Pro- 
fessor Kerr’s tests, for it is a fact that there are many 
effects in Cuba without downtakes giving excellent results, 
fully as good as those otherwise equipped. 

(4) We do not quite agree with Professor Kerr on his 
comparison of the compromise curves shown in Fig. 9. These 
curves are made up by altering those shown in Fig. 8. It 
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TRANSMISSION OF HEAT 
will be noted that for both calandrias D and E, the two 
temperature level runs were not made with the levels at the 
points of maximum evaporation, as shown by the juice level 
series. These points were 18 in. for D and 5 in. for FE. The 
points selected were 36 in. for D and 12 in. tor EB. 

Professor Kerr’s compromise curves were made by select- 
ing 18 in. as the compromise boiling level. Inasmuch, as 
on the level series D showed a coefficient of 1,257 at 18 in. 
and 1,025 at 36 in., the curve was boosted up in the ratio of 
1257 to 1025, bringing the said coefficient at exactly the max- 
imum point for D. This is perfectly satisfactory as far as D 
is concerned. But when the same level is assumed for E, 
and the coefficients are lowered in the ratio of 1256 to 1120, 
# point nearly 24 per cent below its maximum, we consider 
that EF is then at a disadvantage of 24 per cent as compared 
with D. 

According to Prof. Kerr, himself, longer tubes give higher 
coetlicients. It is logieal to conelude, therefore, that if F 
had had 54-in. tubes as D had, it would have shown higher 
rates of transmission than it actually did show, and with a 
level of 18 in. would have shown its maximum which would 
have been above the maximum for 24-in. tubes. It seems to 
us, therefore, that in order to give FE an even break levels 
of maximum evaporation should have been selected if any 
comparison was to be made at all. 

In connection with the high rates of evaporation shown by 
E, which is of our design, we have secured considerably 
higher coeflicients in actual practice. On one of our triples, 
evaporating 8 lb. per sq. ft. per hour, the drop of tempera- 
ture in the first body was only 5 deg., and in the second $ 
deg. Our ability to boil with a small drop has suggested that 
we operate our effects without vacuum. This we are now 
doing with remarkable success in atmospheric double-effect 
evaporators. The capacities are about the same as in the 
old double effects running under vacuum. Fig. 11 illustrates 
the arrangement of apparatus for the atmospheric double 
effeet with vapor heater, which has the advantage of doing 
away with vacuum and water pumps, and the water supply 
necessary to operate the effects. The pressure in the first 
calandria is from 6 to 8 lb., which is entirely permissible. 
The vapors leaving the last body are used for juice heating, 
which, of course, leaves the largest part uncondensed. It is 
our intention to use these vapors to operate a vapor vacuum 
pan. 

We want to extend to Professor Kerr our thanks for the 
painstaking work which he has done, and the valuable infor- 
mation he has worked up. His tests have established facts, 
which were known only approximately before, and are very 
useful in that they point the way to scientific design and op- 
eration. Experiments, such as he conducted, are impossible 
on large equipments, and by making proper allowances for 
this fact, we can interpret their true meaning, and we hope 
he will incorporate all his data in a good text book, which 
would be of great service to both manufacturers and oper- 
ators. 


THe AvutTHOoR. In reply to Mr. Fisher's criticism regard- 
ing the short duration of the tests, I will state that the pres- 
sure in the heating compartment, also the vacuum in the boil- 
ing compartment, was very carefully regulated in all the 
tests. In fact, they were maintained practically constant 
throughout each test. Considerable preliminary work was 
devoted to this matter and the length of the tests was decided 
upon after it had been shown experimentally that the results 
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were uniform. ‘This is corroborated by the smooth curves 
shown in the text of the paper. In view of the constant con- 
ditions maintained it is believed that the tests were not too 
short for reasonable accuracy. 

The writer agrees in the main with Mr. Webre’s observa- 
tions regarding the faet that the coefficients of heat trans- 
mission in the small experimental evaporator used in the 
tests were greater than are obtained in full sized units; also 
his reasons therefor, though I will have to take issue with 
him in some instances. The condensate was removed by a 
direct-acting 442 by 6 by 7 in. steam pump, the piston speed 
being about 40 ft. per min., except in the tests to determine 
the effect of air where it was varied through wide limits. 
The displacement of this pump was relatively greater than 
is generally used in full sized units and this would probably 
increase the heat transmission somewhat, not only because 
of a more complete removal of incondensable gases but be- 
cause of increased steam circulation as well. However, as 
the speed was kept practically constant for the tests on all 
the different types of evaporators the results are sufficiently 
accurate for comparison. 

I am inclined to believe that the relatively cool feed would 
increase rather than decrease the velocity of circulation. 
Moreover, most of the tests were made with greater rates of 
evaporation per square foot of heating surface per hour 
than are usually obtained in practice, which would mean 
that the velocities of circulation were also greater. In my 
opinion one of the principal reasons for the high coefficients 
of heat transmission in the experimental apparatus was the 
perfectly clean condition of the heating surface, which can- 
not be maintained in practice even under the most favorable 
conditions. There seems to be a progressively increasing 
fouling of evaporator tubes toward the end of the factory 
grinding season even when they are boiled out regularly 
with soda and acid. 

Mr. Webre’s statement that it is not practicable to ob- 
tain a coefficient of transmission greater than 250 in every- 
day work with large units is correct, though it should be re- 
membered that the coefficient is greater in the first body of 
a multiple evaporator than in the last body and this figure 
would represent a good average. The writer has lately made 
some tests upon a large quadruple film evaporator where 
transmission coeflicients for the four bodies were 545, 648, 
600 and 207 respectively, the average being 394. The differ- 
ence between these coefficients and most of those shown in 
the paper is not excessive. 

| agree with Mr. Webre that the compromise curves of 
Fig. 9 show the relative heat transmission of the different 
types only approximately. The juice heads 18 in. for cal- 
andria D and 12 in. for E were used instead of those of 


maximum evaporation because it was thought they would be 
approximately the same as would be used in practice. With 


the 24-in. tubes of E, it is quite natural that lower heads 
can be carried than with the 54-in. tubes of D. It is evi- 
dent that the ealandria with tubes 24 in. long has an advan- 
tage over those with tubes 48 in. and 54 in. long as regards 
juice head; also the heads for maximum evaporation would 
be lower with the 24 in. tubes. I am inclined, therefore, to 
think that compromise curves corrected to maximum evapo- 
ration heads would not furnish a fair basis of comparison 
for these two types. Tests recently made on full sized evap- 
orators of types D and E seem to indicate that the ratings 
shown by the compromise curves are not far from correct. 


g 
“ 
pal 
Wag 
an 
% 
‘ 


176 ‘ TESTS OF VACUUM CLEANING SYSTEMS, J. R. McCOLL 


TESTS OF VACUUM CLEANING 
SYSTEMS 


By J. R. Detroit, Micu. 
Member of the Society 


The paper gives an outline of some tests of vacuum 
cleaners made for the Board of Education, Detroit, 
Mich. The tests were divided into two series: (a) with 
the machines on hose and piping as presented or ree- 
ommended by the manufacturers; and (b) with all 
machines on the same hose and piping system, for the 
purpose of direct comparison. Each of these series 
was divided into two parts: (1) tests for ability to do 


Abstract of Paper. Published in complete form in the September 
1913 issue of The Journal of THE AMERICAN SocieTy OF MECHANICAL 
ENGINEERS, and presented at the Annual Meeting, December, 1913. 
Pamphlet copies may be obtained; 10 cents to members and 20 cents 
to non-members. 


work at the tool end of the hose; (2) analyses of ma- 
chines as machines. 


The paper outlines some of the fundamental prin- 
ciples of vacuum cleaning and contains various curves 
and tabulated data giving the results of the tests in 
detail, covering energy developed, power consumption, 
losses in hose and piping, efficiency, ete. 

The specifications provided that in grading machines 
the ability to do work should not count for more than 
two-thirds of the total score. It was the sense of the 
committee who assisted that a machine which makes a 
fine showing in ability to do work and yet has a low 
score as a machine is as much to be avoided as one 
which gains a high score as a machine and shows a 
poor ability to do work. The two features must be 


considered together in rating a machine. After going 


over various details involved, the consensus of opinion 
was that for a school building, 60 points should be 


TABLE 1 RESULTS OF TESTS 


2 3 4 5 | 6 7 8 9 10 11 12 
| ELectric 
| CURRENT Put. To Move 
TION IN Lenorns or Hose 
| Kw-Hr. Cu. Ft. Free | on FLoor Lp. 
3 Type of Machine No. of Size of Piping, Size of Hose, Score] AirforlIn. |* | 
§ Sweeper In. In. For | 80 | Vacuum Inside gos 2s. 
Col- | ef. Orifice | 75 | 3734] 25 
umn | Fr. 2&5) Ft. | Ft. | Ft.| Fe. 
| 9 Air 
As proposed—one-sweeper capacity | 
| Rotary Exhauster...... 1 2 11% | 93.4) 2.72, 3.23] 86.6 2nd test | 7.13 106.0 18.25) 8.25)5.5 |3.0 
D: | Multi-Stage Fan....... 1 3 1% | 93.2) 1.85) 1.76) 90.5 3.75 92.0 22.5 | 9.5 |7.0 5 
| Single-Stage Fan....... 1 3 25’ =2\%°+50’ =1% | 85.6 1.62)..... 22.0] 7.0 |4.5 |2.5 
F; | Rotary Exhauster...... 1 2 13 | 84.0; 2.15|.....| 67.3 Ist test |...... 75\2.5 
C; | Rotary Exhauster...... 1 2 144 | 82.0; 2.5 | 2.5 | 82.0 76.2 (108.5 19.5 | 9.0 |4.75)2.5 
As proposed—two-sweeper capacity | 
G2 | Single-Stage Fan....... 1 3 50’ =214°425’ | 97.6 1.95 .951/177.8 2.07 | 86.0 22.0 | 7.0 |4.5 |2.5 
F2 | Rotary Exhauster...... 2 2 1% | 85.5) 3.95.....|142.0 2ndtest ..... 18.25) 8.25/5.5 13.0 
| Rotary Exhauster...... 2 2 1% | 83.0 9.25 4.22'175.5 2ndtest 9.87 {121.0 | 
F2 | Rotary Exhauster...... 2 2 1% | 78.7! 3 18.0 | 5.5 |4.75/2.5 
B: | Rotary Exhauster...... 2 2 1 66.0'10.8 |..... 93.8 Ist test 28-0 |10.75)5.8 |4.0 
E: | Reciprocating, Plunger. 2 2 | 1% 57.7|11.5 5.37 169.0 9.55 /118.8 19.5| 9.0 4.7525 
Az | Reciprocating, Plunger. 2 2 1 35.4) 6.7 |..... 13 5 (8.5 5.25 
Comparison on school board hose— | 
one sweeper 
F: Rotary Exhauster...... 1 3 1% 90.3/ 3.11 3.1 | 80.8 7.3 |107.0 
Rotary Exhauster...... 1 2 1% | 88.9| 3.27;3.0 | 782  ..... 
C: Rotary Exhauster...... 1 3 1% | 80.5, 2.45 2.5 | 78.8 7.25 |106.5 
G, Single-Stage Fan....... 1 3 14 | 68.7 0.7 28.0 
Comparison on school board hose— 
two sweepers | | 
F: | Rotary Exhauster...... 2 3 1% | 83.9} 4.67|..... 1135.0 a 
B: | Rotary Exhauster...... 2 2 1% | 83.0| 9.25| 4.22 |175.5 9.87 |121.0 
F: | Rotary Exhauster...... 2 2 1% 2.0] 4.25].....| 
Bz Rotary Exhauster...... 2 3 1% | 75.3] 3.5|..... 131.0 
Gz | Single-Stage Fan....... 2 3 1% | 72.3] 1.45)..... 
Reciprocating, Plunger. 2 3 | 61.5|12.73)6.5 |183.0 10 122.5 
E2 | Reciprocating, Plunger. 2 2 144 | 57.7|11.45| 5.37 168.6 9.55 '118.8 
A: | Reciprocating, Plunger. | 2 3 1% | 48.5) 5.4 | 8 
Az | Reciprocating, Plunger. 2 2 14% | 45.8) 5.3 | 
(3-in. Piping and proposed hose | 
F: | Rotary Exhauster...... 1 3 1% | 95.3) 2 = 3.15 90.8 7.1 105.6 
| Rotary Exhauster.. ...| 2 3 1% | 86.3 3.82) 
G; | Single-Stage Fan....... 1 3 | 25’ =134 | 85.6) 0.78)..... 
C: | Rotary Exhauster...... 1 3 1% | 80.5] 2.45/2.5 | 78.8 7.25 |106.5 
Az | Reciprocating, Plunger .| 2 3 1 34.4| 6.9 ]..... - 
| | | 
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given to the machine as a machine and 40 points to its 
ability to do work. This was of course an arbitrary 
standard, regarding which there would no doubt be a 
wide diversity of opinion among engineers, but as long 
as all machines were scored uniformly in accordance 
with this assumed standard, it has the stamp of fair- 
ness. The 60 points for the machine as a machine, 
were divided as follows: 


Maintenance and repairs........... 20 
Lubrication...... 
5 
100 


The specifications provided that the vacuum clean- 
ing system must be of a capacity to take care of two 
sweepers operating simultaneously on a given system 
of piping, each sweeper to be provided with 75 ft. of 
hose. The capacity requirement for each sweeper was 
stipulated as 80 eu. ft. of free air to be handled with a 
vacuum of 1 in. of mereury inside an orifice at the tool 
or sweeper end of the hose. 


DISCUSSION 

H. M. Grossman’ (written). The extreme value of Mr. 
McColl’s paper lies in the fine comparison which the data 
give of the three different types of vacuum cleaning ma- 
chines: namely, the reciprocating plunger or piston pump 
type; the rotary exhauster type; and the high-speed cen- 
trifugal tan type of either single or multistage design. The 
development of the vacuum cleaning industry has been very 
rapid during the past three or four years, and as the in- 
dustry grew this development has brought out the three 
distinet types in the following order: 

The Reciprocating Plunger or Piston Pump Type. This 
machine consisted of an ordinary cylinder with a recipro- 
eating piston working therein, and with the usual intake and 
exhaust valves. This plunger or piston pump design was ad- 
mirably adapted to the production of a high vacuum, but the 
ability to displace air when the various cleaning tools were in 
operation was very limited. The fact that the piston pump 
had always been used when it was necessary to produce a 
vacuum led naturally to the use of the same device in pro- 
ducing the vacuum for the, first vacuum cleaners. In the 
design and construction of the first type of vacuum clean- 
ers the inventors and builders did not recognize the fact 
that the volume of air in motion was the essential cleaning 
agent and that the vacuum was only a means for causing 
this flow of air. 

Since the characteristics of this machine were inherently 
high vacuum with a very low air displacement (or high- 
vacuum low-volume) it was equipped with a piping and 
hose system of very small diameter. The cleaning tools 
were also made of very small size. The result of this small 
pipe, hose and tool equipment was constant trouble from 
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clogging of the pipe system, together with a general in- 
ability of the cleaning tool to pick up anything except the 
finest dust. These facts, coupled with rapid wear and tear 
in the elaborate mechanism of the machine itself, led to 
almost endless trouble, and required the services of a skilled 
mechanic to keep it ih operating condition. The machine 
also required an elaborate system of separating tanks to 
separate every particle of dust from the air before drawing 
it into the cylinder, Even with the greatest of precaution it 
was trequently necessary to rebore the cylinder after less 
than a year of use. Naturally, the cost of maintenance of 
this type of machine was very high. The power required 
to drive was also very high as compared with the later 
types. 

The Rotary Pump or Rotary Impeller. This type of ma- 
chine was brought out with the idea of obtaining greater 
air displacement per sweeper with less vacuum maintained 
at the machine; also, with the hope of eliminating the 
trouble experienced in the first type due to excessive wear 
of the piston and cylinder. The second type of machine 
did eliminate all reciprocating parts and substituted a true 
rotary motion in the vacuum producer, which, in itself, was 
a decided advantage. The vacuum producer consisted of a 
casing with a series of close fitting blades or impellers re- 
volving therein. In order to maintain the necessary vacuum 
the clearance between impeller and casing had to be made 
exceedingly small, which again caused trouble as soon as a 
small amount of dust or dirt reached the impeller; there- 
fore, this machine required the same elaborate system of dry 
and wet separating tanks to protect the vacuum producer 
from excessive wear. This system used pipe, hose and clean- 
ing tools of almost the same size as the first type mentioned. 
but the power required to drive this machine was much less. 

The High-Speed Centrifugal Fan Type. The third and 
tinal step in the development of the vacuum cleaner is found 
in the adoption of the high-speed centrifugal fan, which 
brings us to the present style of machine, so successful 
commercially. This type of machine is designed on a new 
principle entirely, namely, high-volume and low-vacuum. 
In other words, the vacuum cleaning industry has devel- 
oped until it recognizes that a large volume of air in motion 
is required to do rapid and effective cleaning; or, that a 
comparatively large volume of air in motion is the only clean- 
ing agent, and that the vacuum is nothing more than a 
means to cause this air to flow. 

The machine consists of a high-speed centrifugal fan 
revolving freely in a snail easing and direct connected to a 
motor or steam turbine. The volumetric capacity of the tan 
for displacing air is very large as compared with the frst 
and second types of machines, while the vacuum maintained 
at the machine is comparatively low. Due to the inherent 
qualities of a centrifugal fan to displace air, the vacuum 
maintained at the machine is practically constant regardless 
of the number of sweepers in operation. The piping system, 
vacuum hose and cleaning tools are all considerably larger 
than in the previous types, thus permitting a large volume 
of air to pass, which, in turn, means a high velocity around 
the tool lip and a consequent thoroughly effective cleaning 
of the fabrie or floor over which the tool is passed. The 
separation of the dust and dirt is accomplished by the 
gravity process, which eliminates all trouble breeding cloth 
bags and water sprays such as were necessary in the first 
and second types. 
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The design and construction of the machine itself is so 
simple and rugged that the only attention required is an 
occasional oiling of the bearings and the emptying at in- 
tervals of the dirt receptacle. Selt-aligning ball bearings 
running in a constant oil bath constitute the only frictional 
or rubbing parts. This type of machine has decided advan- 
tages, such as simplicity of design, low first cost, low cost of 
maintenance, low power consumption, great durability, and 
ability to do fast and thorough cleaning. 

There is another very important point in connection with 
all vacuum cleaner installations of the past which has been 
overlooked or neglected in most cases. This point may be 
summed up in just four words: Too Much Vacuum Hose. 
In other words, the practice has been in the past to use a 
piping system of so few risers and of such limited extent 
that it was necessary to use from 75 to 100 ft. of hose per 
sweeper in order to reach all parts of the building. The 
vacuum hose is the particular part of an installation that 
receives the greatest wear and tear; at the same time it is 
the weakest, and the most expensive part of the installation. 
Therefore, in order to reduce the amount of vacuum hose 
necessary, the piping system should be more extensive; that 
is, provided with a greater number of risers and _ inlets 
throughout the building than has been the custom in speci- 
fications of the past. The engineer, architect, and building 
manager, when in position to do so, should always specify a 
piping system that will require the use of no more than 50 
ft. of vacuum hose per sweeper. This sort of piping installa- 
tion will reduce the cost of maintenance to a minimum and 
also make the cleaning of a building a far easier task. In 
fact, this item alone will reduce the cost of janitor service 
(including time and repairs) several cents per rentable foot. 
Therefore, let us always insist on “ more risers and inlets, 
with shorter lengths of vacuum hose.” 


R. TuurmMan (written). Mr. MeColl has evi- 
dently given the matter much thought and has brought out 
some interesting points in connection with a subject which is 
rather vague in the minds of many writers of specifications. 
One point upon which there is a wide difference of opinion 
among manufacturers and engineers is the quantity of air 
required to do good cleaning. The author has seleeted 80 
eu. ft. per min. with 1 in. of mercury suction at the end of 
the hose. This is a good figure for heavy duty, but it is 
unnecessarily high for ordinary work. A good normal quan- 
tity for work of the grade found in school houses would be 
between 60 and 70 cu. ft. per min. and for residence work. 
50 cu. ft. per min. is ample. In all cases there should be 
a surplus vacuum of approximately 1 in. of mereury above 
what is required to overcome friction losses. 

The author refers to the lack of uniformity among manu- 
facturers in regard to the size of the tools and hose used: 
The wide variations are indeed astonishing to one who 
understands the important part played in a vacuum cleaner 
installation by the hose losses. The writer knows one manu- 
facturer who sometimes uses 34-in. hose and tools on one 
of his stationary machines, and another manufacturer who 
uses 134-in. hose and tools. The friction losses in the for- 
mer are nearly 70 times as great as in the latter, for the 
same flow of air. 


It is the policy of the writer to employ the largest hose 
that will be acceptable to the average user, provided it can 
be made with sufficient strength to stand the wear and flexi- 
bility enough not to be unwieldy. The result of this policy 
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has been the adoption of two standard sizes: 14g in. tor 
vilice buildings, school houses, etce., where the work is done 
by male janitors; and 114 in. for household work, which is 
usually done by maids. 

Mr. McColl has brought out a very important point in 
regard to the limiting size of horizontal mains. This is a 
point which seems to have escaped a great many designers 
of stationary installations. It is interesting to note that 
the writer, entirely independent of Mr. MeColl, arrived at 
a value for the minimum permissible velocity in horizontal 
pipes to prevent settling of the heavier particles of dirt, 
which was just 10 per cent lower than the figures given in 
the paper. This is all the more remarkable when the dif- 
ficulty of determining such a quantity, even approximately, 
is considered. 

Too much care cannot be taken in making specifications 
for apparatus to be used in the field for determining the 
performance of machines. For this purpose, the apparatus 
must be simple, cheap and easily reproduced. The object 
of such field tests is to ascertain whether the installation 
meets certain specifications as regards, what Mr. MeColl has 
styled, “ ability to do work.” The criterion for such test is 
usually the suction available at the end of the hose, when the 
desired quantity of air is flowing. The simplest apparatus 
for this purpose is a tube to be inserted in the end of the 
hose and equipped at its outer end with a variety of simple 
thin plate orifices. A pressure hole is provided in the side 
of this tube at a distance back from the orifice not less than 
twelve times the diameter of the tube. In practice, the tube 
is inserted in the end of the hose and the vacuum measured 
at the pressure hole with each of one or more sizes of orifice 
called for in the specifications. This method of test pre- 
sents an easy means of checking up the “ability to do 
work” and is one that may be easily standardized and eali- 
brated so that the flow of air may be computed from the 
size of the orifice and the vacuum measured. 

If the pressure hole is too close to the orifice, the result 
will be misleading. The writer has often observed a vacuum 
just back of the orifice considerably greater than that at the 
exhauster, even when there was a long piece of hose between. 
This phenomenon is due to the velocity conversion in the 
tube after the pressure hole is passed. 

The zones suggested by the author for the different grades 
of work do not indicate mature thought. In all vaeuum 
cleaner work, due consideration must be given to the work- 
man doing the cleaning, and experience shows that vacua of 
more than 3 in. of mereury maintained in the tovl imposes 
a heavy burden of labor upon the operator, owing to the 
adhesion of the tool to the surface. In bare floor tools this 
difficulty is overcome by various schemes for letting in a 
rush of air, but for carpet cleaning, such a device defeats the 
end of the vacuum cleaner by admitting a lot of air, which 
does not pass through the carpet, and serves only to dimin- 
ish the vacuum and hence the flow through this fabric. A 
satisfactory cleaner must have ample air displacement to 
take care of the fluctuations in demand, due to the rapidly 
changing action of the tool, and for bare floor work, and 
must be limited in suction to such a value that the operator 
is not overworked. In the centrifugal fan type of machine 
this result is obtained automatically, while in the positive 
displacement type, recourse must be had to by-passes or pop 
valves. 

The curves showing the relation between the wasted en- 
ergy and available energy at the tool are very clear. The 
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NEW PROCESS OF CLEANING 
large percentage of energy absorbed by the piping system 
and long lengths of hose required by stationary machines 
make very evident some of the advantages possessed by the 
portable and so-called truck machines now on the market, 
in the use of which the piping losses are entirely eliminated 
and hose losses reduced from 50 per cent to 75 per cent by 
reducing the length required. 


Tue Avrnor. I fear that Mr. Grossman in his evident 
enthusiasm for one type of machine has overlooked many 
good features of the other types, types which are far from 
obsolete at the present writing. It was the prophecy of one 
of the committee who assisted us, that the relative standings 
of the reciprocating, rotary pump, and fan types of vacuum 
cleaners will ultimately be similar to those of the steam 
prime movers of the reciprocating, rotary and turbine types. 
This doubtless will be a long way off, for vacuum cleaners 
will never have the prominence in engineering and ecommer- 
cial fields that steam engines have had. 

The mechanical efficiency of the fan type of vaeuum 
cleaner, working, as it must do, on a fairly low ratio of 
opening, is much lower, as a machine, than some of the other 
types, but its greater simplicity is a valuable offset. The 
low power consumption shown by some of these machines, 
for a given duty, is a result of large hose and piping rather 
than high mechanical efficiency of the machine. 

The small hose and piping systems used in the earlier 
vacuum cleaner work, and still used by some manufacturers, 
required high vacua at the machines, a matter more of neces- 
sity than choice, to get practical results in cleaning. There 
is no reason why these same machines cannot be used, or at 
least be designed to be used, on a large hose and piping 
system as “low vacuum—high volume” machines with sur- 
prising results in air handled and diminished power con- 
sumption. Machine B, (Table 1) for example had a dis- 
placement nearly double that which it would have needed on 
the hose and piping system of G,. The use of the larger hose 
and piping systems with the fan type of cleaners, particularly 
the single stage type, is also more a matter of necessity than 
choice, and some excellent engineering has been done in 
adapting these machines (capable of only about 2 in. vacuum 
#s a maximum for a practical unit) to rapid sweeping work. 

Piping systems are now quite often installed by heating 
contractors for adaptability to various kinds of vacuum 
cleaners, with a view that the machine can be purchased 
and installed later. If the time ever comes when the hose 
and tools can be purchased from a general supply house 
by intelligent selection of engineers and clients, according 
to the maximum size the user will stand for independent of 
any particular vacuum cleaning machine, then we shall 
arrive at an era when the true comparative merits of vacuum 
cleaning machines, as machines, will be found out as fully 
as electric motors are now known, independent of the feed 
lines, or as steam engines independent of steam and exhaust 
lines. 

My experience with thin plate orifices, outlined by Mr. 
Thurman, has not been entirely satisfactory, probably due 
to varying vena contracta effects. It seems to be desirable 
to get away as much as possible from eddies near the 
orifice even though the pressure tube connection is through 
a capillary hole smoothly finished with the inside of the 
orifice holder. The exact design of orifice and holder must 
be given if vacuum-orifice or volume-orifice requirements are 


specified. 
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By H. F. Smiru, Lexinerox, Outo 


Member of the Society 


The tar and other mechanical impurities present in 
raw bituminous producer gas are in an extreme state 
of subdivision. The number of particles present is 30 
great and the quantity of gas to be handled in com- 
mercial plants so large that the problem presents more 
than ordinary difficulties. The effectiveness of the 
ordinary types of mechanical gas washers and purifiers 
leaves much to be desired. The primary object has 
accordingly been to produce equipment that will be 
capable of yielding gas of a higher degree of cleanness 
than obtainable by ordinary methods. 

The gas to be cleaned is first cocled sufficiently to 
condense the tar vapors and the gas and tar are then 
passed under pressure through a porous diagram of 
spun glass. This is in the form of ordinary glass wool 
(which should be distinguished from slag wool), placed 
between two metal screens. In passing the diaphragm 
an important change occurs in the physical state of the 
tar. On the entering side, the tar exists in a large 
number of minute particles ordinarily known as tar 
fog. In passing the diaphragm these particles coalesce, 
so that on the discharge side the tar particles are of 
relatively large dimensions which cannot be carried 
along with the gas current and immediately separate 
out by gravity. 

Any desired degree of gas cleanness can be secured, 
and no water or other washing fluid is required. That 
the process is not one of filtration is shown by the fact 
that in filtering the best results are secured when the 
rate of flow through the filtering medium is slow, 
whereas in the present process good results can be se- 
eured only when the velocity through the diaphragm 
is very high; and further, there is no deposit in the 
diaphragm as in filtration. 

The apparatus in its present stage of development 
is shown in Fig. 2. The raw producer gas on leaving 
the producer is first cooled to a point where the tar 
vapors are condensed by being passed through a 
primary cooler or condenser. From this the gas is car- 
ried into an ordinary rotary gas pump B which de- 
livers the gas under pressure into the main C; it is 
then delivered through the diaphragm F and dis- 
charged from there into the main F. A sump or sep- 
arator G is provided in which the tar accumulates. 

It appears to be possible to secure almost any desired 
degree of gas cleanness simply by regulating the 
pressure maintained across the diaphragm. A differ- 
ence in pressure of from 21, to 4 lb. will give a degree 
of gas cleanness that is ample for any commercial 
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180 NEW PROCESS OF 
requirement. Thirty cubie feet of gas cleaned in this 
way can be passed through a white filter paper without 
producing any discoloration. 

The exact method by which this tar extractor oper- 
ates has not been conclusively demonstrated. One 
theory is that the tar particles are precipitated by be- 
ing brought into direct collision with the threads or 
filaments of the porous diaphragm. That this does not 
constitute a complete explanation of the process, how- 
ever, is indicated by the fact that the material of which 
the porous diaphragm is constructed has a marked 
bearing on the effectiveness of the process, steel wool, 
for example, being much less effective than the spun 
glass. 

The author believes, as a result of experiment, that 
friction is in some way concerned in the process. He 
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Fic. 1 View sHowrna Various Parts or ComMMERCIAL Ex- 


TRACTOR 


found that if the gas is caused to pass through a small 
glass tube with perfectly smooth walls, no particular 
precipitation of tar oceurs as long as the velocities of 
travel are slow; but that as the velocities increase to a 
point where there is considerable friction between the 
gas and the surface of the containing tube, a heavy 
precipitation of tar occurs on the surface of the glass. 
Since friction between rapidly moving gases and con- 
taining tubes is known to be productive of electrical 
phenomena, it was assumed that this might have some 
bearing on the action. Experiments were conducted 
with electrodes by which precipitation of the tar par- 
ticles was effected, and the results were such as to in- 
dicate that if the distance between the electrodes could 
be reduced sufficiently, the differences in potential re- 
quired for effective electrical action would be very 
small. He concludes, therefore, that in addition to the 
effects of mechanical collision there may be a distinct 
electrical attraction exerted by the glass fibers consti- 


SMITH 


tuting the porous diaphragm which are located at 
microscopic distances from each other and which are 
undoubtedly subjected to some electrification from 
friction with the gas currents. If the possibility of 
such electrical action is considered, the increased ef- 
fectiveness of glass as compared with steel for the 
construction of the porous diaphragm is satisfactorily 
explained. That friction of this nature is capable of 
producing electrical disturbances of considerable mag- 
nitude is well established. 


DISCUSSION 


Fk. R. Hurron (the chairman) said that the author had 
brought out an important fact, in establishing that on the 
discharge side the particles are very much larger and the 
product is very much less of an emulsion than it is on the 
upstream side of the porous diaphragm. 


Fic. 2. or Static ScRUBBER AND CONNECTIONS TO 


BLOWER AND SEPARATOR 


The suggestion of electrical action might also be supple- 
mented by the reference in another paragraph to the fact that 
at certain velocities there is considerable friction between 
the gas and the surfaces over which it passes, which causes 
a heavy precipitation of tar on the surface of the glass. If 
he had added cohesion of the particles he thought the ilea 
might have been expressed more fully. 

Another striking feature of the author’s presentation is 
the significance of spun-glass as compared with any other 
medium. This means that it is not a filtration, as the par- 
ticles are not left on the filtering or separating diaphragm. 
It provides for a cleansing of the diaphragm. 


Pror. Wm. T. MaGruper suggested as a third alternative 
the reason for the action of the spun glass is that of a col- 
loidal action, which he did not believe the author had con- 
sidered. He referred to the wonderful transformations that 
take place in organic chemistry by colloidal action. 


R. H. Fernaup. In regard to the power required (in re- 
ply to a question by Mr. H. J. K. Freyn) I have no authentie 
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THE LARGE GAS ENGINE 
figures, but the operators at the plants where this particular 
type of extractor is installed claim that the power required 
is much less than in the old type centrifugal tar extractor, 
one operator putting the amount at about 25 or 30 per cent 
of that required for the old type. 

Regarding the claims of cleanliness advanced by Mr. 
Smith, | cannot make any specific comment other than to 
say that for some reason the operators find it desirable to 
change this spun. glass at intervals of perhaps three to six 
weeks. This change is, however, a very simple one and can 
be made at any time in a few moments and the expense in- 
volved is a mere trifle. The frequency of these changes of 
the spun glass seems to vary with the operator and the in- 
terval between changes speedily increases as the operator 
In one or 
two of the installations which I recently visited, the opera- 


becomes more familiar with this type of extractor. 


tors changed the spun glass at intervals of one or two weeks 
The time was soon ex- 
tended to three weeks and later to six weeks. Whether the 
interval will ever be extended to a year is a point that I can 
not at present answer. 


when the plant was first started. 


In one or two of the plants using this 
type of extractor. the tar is found to be sufficiently free 
from water and of such quality as to be of commercial value. 
In one installation the engineer is credited with $1.20 per bbl. 
for the tar which he uses in other processes in the plant. It 
seems to be a tar of real commercial value. 

Inquiry of the operators at the plants indicated that the 
material is comparatively inexpensive, and that compara- 
tively little of the material has to be used, approximately 
one pound. It was a comparatively inexpensive item, but 
I do not know where the material is secured. 

Some idea of the proportions of this tar extractor may 
be had if I state that the extractor shown by the author has 
an overall height of about 5 ft. from the base of the gas 
inain to the top of the upper tee, that is, they are about 30- 
in. tees. As this plant was operated when I visited it, three 
The 
tee that was turned at right angles to the main was entirely 
out of service, and it was then a simple matter to take off the 
cap and get at the grid containing the spun glass inside. 


of the tees were in series and the fourth was cut out. 


The process of changing the material and cleansing the tar 
extractor is seen to be very simple. 

It may be of additional interest to know that in one in- 
stallation recently visited which has been operated for sev- 
eral years, considerable difficulty has been experienced from 
tar in the engines while using the centrifugal tar extractor, 
according to the statement of the operator. This same op- 
erator states that since changing to the new type of ex- 
tractor outlined in the paper, some two months ago, they 
lave had no trouble from tar in the engine, and they have 
had a great deal of satisfaction from this extractor. 

This question of tar and other impurities from produeer- 
gas in the eylinder of the engine is a very important one. 
I recently visited a producer-gas installation of 4000 h.p. 
The same company has another plant which I understand is 
of the same size, operating on natural gas. The statement 
of the company is to the effect that the monthly cylinder oil 
bill is very much more with the producer-gas engine than 
with the natural gas engine. This brings to our attention 
some important factors concerning the impurities in pro- 
ducer-gas and the necessity of careful cleansing. 


The Author desired to present no closure.—Ep1rTor. 
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PRESENT STATUS OF THE LARGE GAS 
ENGINE IN EUROPE 
By Pror. P. Lancer, AacHen, GERMANY 


Member of the Society 


The tendency to utilize in gas engines the enormous 
quantities of waste gases from blast furnaces had its 
‘neeption in Germany about 20 vears ago. Large units 
were created by increasing in size the parts of smaller 
motors and by using a larger number of cylinders. 
The two-cycle system also seemed to offer a suitable 
method of operation for large engines, on account of 
its more efficient utilization of the mechanism as com- 
Full 


success Was not attained, however, until about 11 years 


pared with the single-acting four-cycle system. 


ago when the large gas engine was brought to a high 
state of perfection by the Maschinenfabrik Nuernberg 
in the form of the double-acting four-cycle type, with 
iwo eylinders arranged in tandem. 

It was recognized that the principles on which to 
base the design of large gas engines should involve (a 
the greatest possible accessibility of all parts exposed 
to the gases of combustion, and (b) relieving the cyl- 
inder wall of the weight of the piston. These princi- 
ples have not only been proved to be correct but their 
observance has been found to be a necessary condition 
for the success of large gas engines. 

The gas engine puts much higher demands upon the 
attendant than any other prime mover. It creates its 
own potential energy by conversion of the chemically 
latent heat energy of the gas. Almost any defect of 
the machine, inherent or acquired, which interferes 
with the conversion of energy, acts destructively upon 
the machine, not to mention upon the 
power output. The simple consideration that gas is 
being burnt without rendering its equivalent in power, 


its influence 


leads to the conclusion that the balance is being trans. 
mitted to the cooling water under pressures and tem- 
peratures beyond what are permissible, and that ex- 
haust gases unallowably hot are flowing around the 
exhaust valves. In the case of the steam engine a leaky 
piston does no further damage than to increase the 
steam consumption. The governor automatically ad- 
justs for a longer cut-off and the engine pulls through 


as long as the boiler furnishes sufficient steam. With 
the gas engine, a leaky piston causes ignition at the 


wrong time which means a release of heat energy at 
a time and place when this energy can do no useful 
work. A continuation of the operation under such 
conditions is not permissible. Any attempt to force 
the operation would cause heavy damage to the ma- 
chine. 

It is the duty of the designer to face these facts and 
to design the machine in such a manner that it is pos- 
Abstract of Paper. Presented at the Annual Meeting of Tue American 
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182 THE LARGE GAS ENGINE 
sible to give it the careful attention needed to prevent 
such disturbances. Such attention cannot be given 
when access to such vital parts as pistons, stuffing box 
packings and valves cannot be had without a long and 
difficult job of disassembling. The author knows of an 
engine which, after six years of continuous day and 
night operation, showed only 0.015 in. wear in the 
diameter of the cylinder. This success, although im- 
mediately traceable to the careful attention this ma- 
chine received, is nevertheless indirectly due to the 
designer who made it possible to give such attention 
through the excellence of his design. 

An instance of defective design in this respect is the 
case of a stuffing box in which it is possible to replace 
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P: Absolute (Suction) Pressure in Cylinder. 
A: Free Opening Area in Mixing Valve. 
C: Gas- and Air-Velocity through Mixing Valve. 


Fic. 1 Curve sHow1nG RELATIONS OF OPENING OF MIXING 
VALVE, UNDER CoNTROL OF GOVERNOR, TO SUCTION IN 
CYLINDER AND VELOCITY THROUGH VALVE 


the packing rings only by unscrewing the joint be- 
tween the piston rod and crosshead. The packing 
rings must needs be split and the whole packing must 
be easily removable in order that a new packing may 
be put in during a brief interruption of the operation. 
The result of neglecting this seemingly minor point of 
design is a continuation of operation with leaky pack- 
ings and danger of warping the piston rods. 

A further basie condition for uninterrupted opera- 
tion is pure materials, pure gas and pure cooling 
water. Degrees of purity of 0.01 grains of dust in 1 
cu. m. of gas and of 0.01 grains of dust in 1 liter of 
water must be attained by cleaning apparatus. 

Operation with impure materials puts demands upon 
the operator which are impossible to meet, except by 
considerable reduction of the output on account of the 
long interruptions required for cleaning. It is evident 
that the economy of the plant suffers materially 
through reduction of the output, as the proportion of 
the unproductive capital, the idle machinery, increases. 
In comparison, the cost of good purifying apparatus 
for gas and water is of no consequence. 
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REGULATION OF LARGE GAS ENGINES 

The attempt to attain stratification of the mixture 
inside of the cylinder has led to very complicated 
valve gears. It was hoped that a gas valve, which re- 
mained open during only a part of the suction stroke 
would direct the gas in such a manner that a combusti- 
ble mixture would be present at the point of ignition 
even under the lightest loads, while the balance of the 
combustion space would be filled with inert air. The 
result, however, did not justify this hope. Instead of 
stratification there was only a bad mixture resulting 
in irregular and uneven operation. Today the hope 
of attaining stratification can be considered as being 
finally disposed of and designers have returned to the 
simple throttling valve gear. 

Throttling of gas and air simultaneously, or in other 
words, regulation of the quantity of mixture only, is 
to be preferred to the throttling of gas only, as the 
former method is less sensitive and makes possible a 
more certain control of the power developed by the 
governor. 

But even the simplest method of quantity regulation 
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Fic. 2. Curve sHowinc Errect or Proper ADJUSTMENT OF 
GovERNOR MECHANISM TO OBTAIN UNIFORM UTILIZATION 
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will give satisfaction only if the action of the governor 
upon the throttle valve has been given careful consid- 
eration. Present and older designs that are faulty in 
this respect are frequently seen. It is wrong to let the 
governor act in such a way that the valve opening is 
proportional to the travel of the governor sleeve, as the 
following consideration will show : 

The result of throttling is to reduce the quantity of 
mixture drawn into the cylinder during each stroke, 
on account of the reduced openings for gas and air. 
The volume of the charge remains the same, as the cy]- 
inder is always completely filled. The density of the 
charge will become less and correspondingly its weight 
and the amount of energy supplied. 

These relations are shown in the curves of Fig. 1. 
Starting with a certain velocity C of the mixture in 
the valve, which is determined by the opening of the 
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THE LARGE GAS ENGINE 
valve, the curve shows the velocity as a function of the 
position of the governor. This velocity can be pro- 
duced only by a certain drop in pressure as the mix- 
ture passes to the cylinder, so that the law according 
to which the absolute pressure in the cylinder changes 
is also definitely determined. 

The density of the charge is proportional to the ab- 
solute pressure and the absolute weight of the charge 
of constant volume is proportional to the density, and 
so is the amount of heat energy supplied. The shape 
of this curve shows that the lower part of the travel 
of the governor sleeve is almost without influence and 
that the total regulation is limited to the upper travel. 

The result of this wrong regulation is marked irregu- 
larity of the indicator diagrams, as the smallest motion 
of the governor causes considerable changes in the 
quantity of mixture supplied. Combustion is irregu- 
lar, there is tendency to backfire, or in a word, the 
machine ‘* does not govern.”’ 

The remedy is found in changing the connection be- 
tween the governor sleeve and the throttling mechanism 
in a manner such that in the low positions of the gov- 
ernor the throttling action is more intensive than in 
the upper positions. This action can be accomplished 
in a simple manner by offsetting the connecting link 
between the governor and the throttling valve, similar 
to the arrangement found in Corliss valve gears. This 
allows a uniform utilization of the total lift of the gov- 
ernor, and consequently stable and quiet regulation, 
without any complication whatever. Fig. 2 shows a 
diagram, characterizing the regulation as taken from 
an engine having a properly designed throttling gear. 

Even the best considered scheme of regulation will 
not avail, if the proportion of mixture, that is, the 
ratio of gas drawn in to air drawn in, is not properly 
controlled. In engines that have separate pumps for air 
and gas, as usual in two-cycle machines, where there- 
fore, air and gas are furnished in measured quantities, 
it is a comparatively easy matter to get the proper pro- 
portion, at least at full load. Difficulties are found, 
however, in four-cycle machines, where gas and air are 
drawn in by the working piston in parallel. In this 
case the proportion of mixture is not readily controlled, 
because the quantities drawn in depend not only on the 
free opening of the admission valve, but on the product 
of this opening area and the velocity of flow through 
it. Incidental changes in pressure, due to static or 
dynamic causes, may influence this velocity strongly. 

For a long time great difficulties were presented by 
the problem of driving variable speed blowing engines 
by four-cycle gas engines. In most cases the gas ar- 
rives at the mixing valve under a pressure of several 
inches of water above the atmosphere, while the pres- 
sure of the air is somewhat less than atmospheric. 
When the machine is run slower the suction action of 
the piston is reduced and the intake velocity of the air 
decreases more rapidly than that of the gas, until 
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finally it is reduced to such an extent that nothing but 
gas enters the cylinder. It is self-evident that, even 
before this point is reached, the engine will choke with 
gas and will stop. <A governor which regulates the 
quality of the mixture would only favor this suffoca- 
tion of the engine with gas. In such eases, too, the con- 
ditions are improved by intensive throttling at normal 
speed. 
CYLINDERS 
Improvements of design as well as improvements in 
foundry practice have reduced the breakage of ecylin- 
ders to a point where it is now rather a rare ocecur- 
Views upon the most suitable shape still differ, 
While in all other details of 
large gas engines standard designs have been devel- 
oped, which serve all purposes, the cylinder designs 
still vary considerably. The fact that some designers, 
after careful experiments, have abandoned the split 
jacket eylinder in favor of the normal one-piece cylin- 
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der, while others, also after careful experiments, have 
gone in exactly the opposite direction, and split not 
only the jacket, but also the inside cylinder, Fig. 4, 
seems to show an uncertainty in judging the causes 
of breakage. These differences in design, however, are 
caused largely by fixed ideas of the purchasers whose 
special wishes are complied with by clever salesmen. 
The one-piece cylinder is just as strong as the split one. 
The split cylinder has come principally from the de- 
sire to avoid initial stresses in the direction of its axis, 
which put the inner cylinder under tension on account 
of the fact that in casting it cools later than the rest of 
the casting. Besides, by casting the two halves sep- 
arately, it was attempted to obtain as dense as possi- 
ble a wall for the combustion chamber. Finally, split- 
ting the cylinder has the advantage that customers 
who consider a cylinder liner the proper construction 
can be satisfied, inasmuch as the insertion of liners in 
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182 THE LARGE GAS ENGINE 
sible to give it the careful attention needed to prevent 
such disturbances. Such attention cannot be given 
‘vhen access to such vital parts as pistons, stuffing box 
packings and valves cannot be had without a long and 
difficult job of disassembling. The author knows of an 
engine which, after six years of continuous day and 
night operation, showed only 0.015 in. wear in the 
diameter of the cylinder. This success, although im- 
mediately traceable to the careful attention this ma- 
chine received, is nevertheless indirectly due to the 
designer who made it possible to give such attention 
through the excellence of his design. 

An instance of defective design in this respect is the 
case of a stuffing box in which it is possible to replace 
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P: Absolute (Suction) Pressure in Cylinaer. 
A: Free Opening Area in Mixing Valve. 
C: Gas- and Air-Velocity through Mixing Valve. 
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the packing rings only by unscrewing the joint be- 
tween the piston rod and crosshead. The packing 
rings must needs be split and the whole packing must 
be easily removable in order that a new packing may 
be put in during a brief interruption of the operation. 
The result of neglecting this seemingly minor point of 
design is a continuation of operation with leaky pack- 
ings and danger of warping the piston rods. 

A further basie condition for uninterrupted opera- 
tion is pure materials, pure gas and pure cooling 
water. Degrees of purity of 0.01 grains of dust in 1 
cu. m. of gas and of 0.01 grains of dust in 1 liter of 
water must be attained by cleaning apparatus. 

Operation with impure materials puts demands upon 
the operator which are impossible to meet, except by 
considerable reduction of the output on account of the 
long interruptions required for cleaning. It is evident 
that the economy of the plant suffers materially 
through reduction of the output, as the proportion of 
the unproductive capital, the idle machinery, increases. 
In comparison, the cost of good purifying apparatus 
for gas and water is of no consequence. 
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REGULATION OF LARGE GAS ENGINES 

The attempt to attain stratification of the mixture 
inside of the cylinder has led to very complicated 
valve gears. It was hoped that a gas valve, which re- 
mained open during only a part of the suction stroke 
would direct the gas in such a manner that a combusti- 
ble mixture would be present at the point of ignition 
even under the lightest loads, while the balance of the 
combustion space would be filled with inert air. The 
result, however, did not justify this hope. Instead of 
stratification there was only a bad mixture resulting 
in irregular and uneven operation. Today the hope 
of attaining stratification can be considered as being 
finally disposed of and designers have returned to the 
simple throttling valve gear. 

Throttling of gas and air simultaneously, or in other 
words, regulation of the quantity of mixture only, is 
to be preferred to the throttling of gas only, as the 
former method is less sensitive and makes possible a 
more certain control of the power developed by the 
governor. 

But even the simplest method of quantity regulation 
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will give satisfaction only if the action of the governor 
upon the throttle valve has been given careful consid- 
eration. Present and older designs that are faulty in 
this respect are frequently seen. It is wrong to let the 
governor act in such a way that the valve opening is 
proportional to the travel of the governor sleeve, as the 
following consideration will show : 

The result of throttling is to reduce the quantity of 
mixture drawn into the cylinder during each stroke, 
on account of the reduced openings for gas and air. 
The volume of the charge remains the same, as the cy]- 
inder is always completely filled. The density of the 
charge will become less and correspondingly its weight 
and the amount of energy supplied. 

These relations are shown in the curves of Fig. 1. 
Starting with a certain velocity C of the mixture in 
the valve, which is determined by the opening of the 
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THE LARGE GAS 
valve, the curve shows the velocity as a function of the 
position of the governor. This velocity can be pro- 
duced only by a certain drop in pressure as the mix- 
ture passes to the cylinder, so that the law according 
to which the absolute pressure in the cylinder changes 
is also definitely determined. 

The density of the charge is proportional to the ab- 
solute pressure and the absolute weight of the charge 
of constant volume is proportional to the density, and 
so is the amount of heat energy supplied. The shape 
of this curve shows that the lower part of the travel 
of the governor sleeve is almost without influence and 
that the total regulation is limited to the upper travel. 

The result of this wrong regulation is marked irregu- 
larity of the indicator diagrams, as the smallest motion 
of the governor causes considerable changes in the 
quantity of mixture supplied. Combustion is irregu- 
lar, there is tendency to backfire, or in a word, the 
machine ** does not govern.”’ 

The remedy is found in changing the connection be 
tween the governor sleeve and the throttling mechanism 
in a manner such that in the low positions of the gov- 
ernor the throttling action is more intensive than in 
the upper positions. This action can be accomplished 
in a simple manner by offsetting the connecting link 
between the governor and the throttling valve, similar 
to the arrangement found in Corliss valve gears. This 
allows a uniform utilization of the total lift of the gov- 
ernor, and consequently stable and quiet regulation, 
without any complication whatever. Fig. 2 shows a 
diagram, characterizing the regulation as taken from 
an engine having a properly designed throttling gear. 

Even the best considered scheme of regulation will 
not avail, if the proportion of mixture, that is, the 
ratio of gas drawn in to air drawn in, is not properly 
controlled. In engines that have separate pumps for air 
and gas, as usual in two-cycle machines, where there- 
fore, air and gas are furnished in measured quantities, 
it is a comparatively easy matter to get the proper pro- 
portion, at least at full load. Difficulties are found, 
however, in four-cycle machines, where gas and air are 
drawn in by the working piston in parallel. In this 
case the proportion of mixture is not readily controlled, 
because the quantities drawn in depend not only on the 
free opening of the admission valve, but on the product 
of this opening area and the velocity of flow through 
it. Incidental changes in pressure, due to static or 
dynamic causes, may influence this velocity strongly. 

For a long time great diffienlties were presented by 
the problem of driving variable speed blowing engines 
by four-cycle gas engines. In most cases the gas ar- 
rives at the mixing valve under a pressure of several 
inches of water above the atmosphere, while the pres- 
sure of the air is somewhat less than atmospheric. 
When the machine is run slower the suction action of 
the piston is reduced and the intake velocity of the air 
decreases more rapidly than that of the gas, until 
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finally it is reduced to such an extent that nothing but 
gas enters the cylinder. It is self-evident that, even 
before this point is reached, the engine will choke with 
gas and will stop. A governor which regulates the 
quality of the mixture would only favor this suffoca- 
tion of the engine with gas. In such cases, too, the con- 
ditions are improved by intensive throttling at normal 
speed. 
CYLINDERS 

Improvements of design as well as improvements in 
foundry practice have reduced the breakage of cylin- 
ders to a point where it is now rather a rare oecur- 
Views upon the most suitable shape still differ, 
however, considerably. While in all other details of 
large gas engines standard designs have been devel- 
oped, which serve all purposes, the cylinder designs 
still vary considerably. The fact that some designers, 
after careful experiments, have abandoned the split 
jacket eylinder in favor of the normal one-piece cylin- 
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der, while others, also after careful experiments, have 
gone in exactly the opposite direction, and split not 
only the jacket, but also the inside cylinder, Fig. 4, 
seems to show an uncertainty in judging the causes 
of breakage. These differences in design, however, are 
caused largely by fixed ideas of the purchasers whose 
special wishes are complied with by clever salesmen. 
The one-piece cylinder is just as strong as the split one. 
The split cylinder has come principally from the de- 
sire to avoid initial stresses in the direction of its axis, 
which put the inner cylinder under tension on account 
of the fact that in casting it cools later than the rest of 
the casting. Besides, by casting the two halves sep- 
arately, it was attempted to obtain as dense as possi- 
ble a wall for the combustion chamber. Finally, split- 
ting the cylinder has the advantage that customers 
who consider a cylinder liner the proper construction 
can be satisfied, inasmuch as the insertion of liners in 
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184 THE LARGE 
one-piece cylinders presents some difficulties, though 
these are not to be considered insurmountable. 

Besides the advantage of simplicity and the absence 
of the danger of leakage in the highly strained eylin- 
der joint, the one-piece cylinder allows a better trans- 
mission of the forces from the cylinder to the frame. 
The fact that one-piece cylinders frequently broke at 
the place indicated in Fig. 5, caused an over-estimation 
of the stresses in the casting. Closer investigation 
shows that the breaks are caused simply by making the 
part between cylinder and flange too weak. The wall, 
besides being too weak originally, is further weakened 
by the large number of cover studs and the break is 
further induced by excessive tightening of these studs. 
This fault can be remedied by properly reinforeing the 
point of danger and by placing the joint shoulder on 
the outside. As a matter of fact, breakage on account 
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is to be found in the stresses produced by unequal 
temperatures within the same wall. In the smooth and 
homogenous wall the differences in temperature of the 
different strata are small and the temperature of the 
wall is comparatively low, as long as accumulated scale 
or similar causes do not offer an obstacle to the trans- 
mission of heat. When, however, the capacity of the 
wall for conducting heat, or the rate of transmitting 
heat to the cooling water is reduced, there will be ac- 
cumulation of heat which will cause a considerable 
rise of temperature during the expansion and exhaust 
strokes. The material will tend to expand according 
to the average temperature of the wall and it will be 
able to do this without resistance because it was under 
tension on account of the strain in the casting. In 
operation, therefore, the strain will be relieved. On 
account of temperature differences, however, in dif- 
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of strains in the casting or from expansion due to 
heat, has not occurred in cylinders that were properly 
reinforced. Improvements in foundry practice have 
undoubtedly helped to avoid such breakage. 

While the breaks just discussed have their origin 
in the strains set up by irregular cooling of the cast- 
ing or by irregular heating in operation, cracks of an 
entirely different nature have been observed on the 
walls of the combustion chamber. These so-called fire 
cracks always start in a place where the transmissicn 
of heat to the cooling water was impeded from some 
cause or other (see Fig. 6). The cause of these cracks 


DeTAIL oF Point oF FREQUENT BREAKAGE OF ONE Piece Gas ENGINE 


Fic. 6 Typicat Locations or Fire Cracks 
IN PLACES WHERE COOLING IS IMPEDED 


ferent strata of the wall, there will be stresses in the 
wall itself, compression in the hotter zones and tension 
in the cooler ones. 

This condition of stress can be compared with that 
existing in a bar being bent towards the inside of the 
cylinder. In the hotter layer the expansion being re- 
sisted causes compression stresses, and in the colder 
layers there will be tension stresses. As soon as cold 
mixture is admitted during the next suction stroke, 
the surface of the wall is cooled intensively. The in- 
side layer of the wall cannot follow rapidly enough to 
cause the establishment of settled conditions corre- 
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sponding to this flow of heat. The mean temperature 
of the wall, and consequently its average expansion 
can only be affected very slightly during the first mo- 
ment of internal cooling by the entering cold mixture. 
The innermost layer will be under strong tension on 
account of the sudden cooling. This ** jumping ”’ of 
the temperature acts upon the material in much the 
same manner as sudden flexure from the inside to the 
outside would. The inside layer of the wall of the com- 
bustion chamber, therefore, is exposed to the same kind 
of stresses as the outside fibre of a bar that is continu- 
ously bent in both directions by blows. The stresses 
which oceur under these conditions are about propor- 
tional to the difference in temperature, the coefficient 
of heat expansion, and the modulus of elasticity, if, 
indeed, one can speak of such in the case of cast iron. 

This is an extraordinarily unfavorable case of strain. 
Cases of strain on account of sudden changes of tem- 
perature are not rare, but these conditions are worst 
in the cylinders of gas engines, on account of the rapid 
succession of the changes in temperature. A mathe- 
matical deduction of these stresses is out of the ques 
tion on account of the impossibility of obtaining ever 
halfway accurate data on the distribution of tempera- 
ture at any one moment over the different zones of the 
wall. 

If we bear in mind, however, that a difference in 
temperature of 200 deg. fahr., when the expansion is 
restrained, corresponds to a strain of about 15,000 lb. 
per sq. in., we are surprised to find that cracks do not 
occur more often. The occurrence of a crack, which in 
the beginning is scarcely 1, in. deep, apparently re- 
lieves the strain to a certain extent and only the natu- 
ral tendency of the cast material to continue to break 
together with the external mechanical forees causes 
the crack to open further. In most cases drilling and 
ealking at the end of the crack will stop this. The 
timely discovery of the crack is, however, rather diffi- 
cult, as it is not open after the wall is esiteenly cooled. 

The first step in combatting the occurrence of these 
eracks must reduce their real source, i. e., the differ- 
ences in temperature, to an amount that is harmless. 
As the sudden changes of temperature are caused by 
the very nature of the gas engine cycle, these attempts 
must be confined to avoiding all irregular ignition and 
slow combustion, both of which increase the tempera- 
ture of the eyele beyond the normal as well as the dif- 
ference in temperature when the sudden change oe- 
curs at the beginning of the suction stroke. Further- 
more, it is necessary to make the conduetivity of the 
wall uniform in order to avoid accumulations of heat 
in the material. It is therefore necessary to avoid all 
accumulations of material. Passages as shown at YX, 
Figs. 4 and 6, are also bad. Here accumulations of 
heat are the natural consequence of the imperfect con- 
duction of heat being directed towards a center, the 
passage at the same time being very much exposed to 
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the cooling action of the incoming air. Places like these 
are predestined to suffer from heat cracks. 

The commonly used globe or onion-shaped passages 
for inlet and exhaust valves are therefore not suitable, 
and lately the form shown in Fig. 7 is very properly 
preferred. Here the valves are brought close to the 
inner surface of the cylinder. 

In a much more effective manner than by measures 
of design, can the heat cracks, and in fact all cracks 
that occur in gas engine cylinders, be avoided by 
proper choice of a material, the constant of which (co- 
efficient of heat expansion multiplied by modulus of 
elasticity) is less with the same tensile strength than in 
the case of cast iron. The less the expansion from heat, 
which is the real cause of the strain, and the more 
elastic the material, the less the strain. 

Considering the enormous progress which metal- 
lurgical science has recorded during the past few 
years, a solution of this question of material should 
appear possible, and the more so, as nickel steel alloys 
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have actually been made for accurate rules, in which 
expansion from heat cannot be detected at all. 

An investigation of the constants in question (co- 
efficient of heat expansion multiplied by modulus of 
elasticity) upon which depends, according to the fore- 
going, the strain of the material resulting from uneven 
temperature, shows that cast steel is not a suitable ma- 
terial for gas engine cylinders. The larger expansion 
due to heat as compared with cast-iron and the very 
much higher modulus of elasticity causes increased 
stresses, while the strength of cast steel is not propor- 
tionately greater. Experience confirms this conclusion. 

ON INCREASING THE OUTPUT OF LARGE GAS ENGINES 

The prineipal task upon which the gas engineer is 
laboring incessantly, besides that of enhancing the re- 
liability of the machine, is that of making it cheaper, 
partly by simplifying its construction, 
creasing its output. 


partly by in- 
At present it can hardly be imag- 
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186 THE LARGE GAS ENGINE 
ined that the gas engine can be made cheaper by mak- 
ing its construction simpler, now that the complicated 
valve gears have disappeared. Reduction of weight is 
not to be recommended. Until recently experience 
has demanded a continuous increase of engine weights. 
Economy in material would reduce reliability and 
length of life of the machine. The mechanism has been 
developed into standard designs, so that in this detail 
there is nothing to be saved. 

Somewhat better prospects seem to be opened by the 
attempt to reduce the cost by increasing the output of 
the machine of a given size. Let us consider the equa- 
tion for the power of the machine. 


w= HV + tw 
\ 


in which 
V = the swept volume (the factor which determines 
the absolute cost ) 

H = the heating value of the mixture 
fy = the volumetric efficiency 
the total efficiency 
+ = the number of suction strokes per second | 
A = the mechanical equivalent of heat 

An increase of y by increasing the number of revo- 
lutions per minute, is not practicable, at least not with 
less combustible gases such as blast furnace gases. The 
reliability of the machines would be lessened, not even 
considering the fact that the time available for the 
combustion of the mixture is too short and that there- 
fore the losses on account of incomplete combustion 
would become too large. A comparison of the results 
of operation of gas operated blowing engines, which 
run relatively slow, and engines driving dynamos, 
proves that the former require considerably less re- 
pairs than the latter. Increasing the number of revo- 
lutions would increase the idle time on account of re- 
pairs, and a gain in output can hardly be expected. 

The heating value of the mixture H is also deter- 
mined by the minimum excess of air necessary for com- 
plete combustion, and there remain only the two fae- 
tors of volumetric and total efficiency. It is conceiv- 
able that the total efficiency might be increased by in- 
creasing the thermal efficiency of the process. This, 
however, is dependent upon increase of the pressure 
and for this reason such a possibility must be elim- 
inated. The volumetric efficiency can be increased in 
two ways: by cooling the charge and by increasing the 
pressure of the charge. The first method was proposed 
some time ago. It is not being adopted because in most 
cases the cooling water is warmer than the atmosphere 
and the in-coming gas. Besides, a large gain cannot 
be expected, as decreasing the temperature of the 
charge 10 deg. fahr. could only increase the output 
about 2 per cent. 

The other method for increasing the output, which 
lately has attracted renewed interest, consists in in- 
creasing the pressure of the charge and simultaneous 
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scavenging of the exhaust gases. In this manner a 
given suction volume of an engine can accommodate 
a larger weight of charge and greater output of power 
can be attained. 

The original purpose of this method, which has been 
known in England for many years, was the avoidance 
of pre-ignition by scavenging the cylinder of what re- 
mained of the hot exhaust gases. It is the competition 
into which the gas engine has lately had to enter with 
the steam turbine, that has brought to the front the 
possibility of increased power output and consequently 
lower cost of the machine per unit of power. 

The simplest method of realizing the scheme of 
scavenging and charging consists in closing the ex- 
haust valve late and opening the inlet valve early. 
The time during which both valves are open is used for 
scavenging. In order surely to avoid loss of gas, the 
charging with gas is only commenced after the exhaust 
valve is closed. At the end of the suction stroke the 
mixing chamber must be cleansed of combustible mix- 
ture by scavenging (rinsing) with pure air, as other- 
wise backfires would occur at the beginning of the next 
scavenging period. Gas and air are brought to the 
machine under a pressure of about 3 lb. per sq. in. 
gage. On account of this increased pressure the weight 
of the charge is about 20 per cent greater than that of 
the normal method. Scavenging the combustion cham- 
ber also furnishes further space for fresh mixture. 
Experiments have shown a mean effective pressure of 
about 100 lb. per sq. in. In continuous operation, in 
so far as we can speak of such in experiments, mean 
effective pressures of 85 lb. per sq. in. can be reached. 

Undoubtedly such results present much that is at- 
tractive, especially as the output can still be increased 
by further increasing the pressure, and as this would 
give to the gas engine the capacity for overloads which 
heretofore it did not possess in the same sense in which 
steam engines do. Experiments have also proved that 
these overloads can be had without an increase of the 
maximum pressure. This is done by reducing the com- 
pression. 

In spite of the lower compression the heat consump- 
tion per unit of power was not increased. It seems 
that this result is explained first by better combus- 
tion of the charge which is not contaminated by the 
remains of the exhaust gases, and secondly by a de- 
creased percentage of loss in the cooling water. The 
predominating influence can only be found by means 
of carefully measured heat balances which at present 
are not available. The increased temperature of the 
cylinder walls, which has been found thermo-electric- 
ally, has caused objections against continued operation 
with scavenging and forced charge. A certain justifi- 
eation cannot be denied to these objections. The de- 
crease of continuous loads is the very factor that has 
contributed to overcome the difficulties of operation. 
To endanger regular operation by increasing the power 
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THE LARGE GAS ENGINE 
output must appear to be a dangerous experiment in 
just such cases where the equipment is insufficient and 
an increase is highly desirable. The disposition on the 
part of operating engineers to await developments, is 
easy to understand. The present satisfactory opera- 
tion, which is the result of years of toil, is making 
these engineers justly conservative. 

The danger is to be found in the fact that the in- 
crease of output on one hand is offset by a decrease 
on the other hand on account of the more frequent 
shutdowns for repairs. Besides these questions, which 
can only be solved by several years of experience, 
there are other difficulties in the constructive realiza- 
tion of this idea of increased output which have to be 
solved before it is proved to be practicable in sustained 
operation. In a word, there are many nuts to be 
cracked, before we can think of a practicable increase 
of the power output of four-cycle engines by means of 
scavenging and forced charge. 

IMPROVING GAS ENGINE ECONOMY 

The endless desire of gas engine builders to improve 
the economy of the gas engine, has lately brought to 
the front interest in the utilization of waste heat. <Ae- 
cording to experience, a blast furnace gas engine dy- 
namo consumes in continuous service on the average 
about 16,000 B.t.u. per kw-hr. Of this amount of heat 
only 3412 B.t.u. is converted into electrical energy. 
Of the balance, 12,588 B.t.u., the mechanical, electrical, 
and radiation losses have to be regarded as unredeem- 
able, as well as the energy contained in the unburned 
gases. The heat in the cooling water, about 4800 B.t.u., 
and that in the exhaust, about 5200 B.t.u. per kw-hr. 
is, however, available for a more or less perfect fur- 
ther utilization. The high temperature of the exhaust, 
about SSO deg. fahr., measured at the exhaust flange, 
makes possible its immediate use for the generation of 
steam in boilers, which have to be placed as closely as 
possible to the exhaust chamber. As a matter of fact, 
it is possible to obtain about 2 lb. of high-pressure 
steam per kw-hr. of the gas engine. 

The utilization of the heat in the cooling water is not 
possible as directly as this. The further use of this 
heat means the generation of steam and this requires a 
considerably higher temperature than that customary 
today in large gas engines. Semmler suggested as long 
ago as ten years, that gas engine cylinders be cooled 
with water hotter than 212 deg. fahr., and that this 
water be put under pressure in order to avoid the gen- 
eration of steam in the jacket. Evaporation com- 
mences Only outside of the jacket, when the super- 
heated water is conducted through a throttle valve into 
a steam drum. It may be easily understood that this 
** hot cooling *’ scheme has been regarded rather skep- 
tically for a long time. About a year ago it was de- 
cided at the Rombacher Huetten Werke to try Semm- 
ler’s cooling method on an 800-kw. tandem engine. 
The results in operation, which are available today, are 
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entirely favorable. The hot jacket not only did not 
hurt the cylinder, but it caused apparently a softer and 
more quiet operation of the machine. 

The use of distilled water in a closed cycle, and the 
considerably higher temperature of the outer cylinder 
wall, which causes nearly equal average temperatures 
of the inner and outer cylinder walls, are surely ad- 
vantages which, if the favorable experiences last, merit 
more consideration than the recovery of waste heat. 
The amount produced is in the case of the engine men- 
tioned, about 0.5 kg. of steam of low pressure per kw- 
hr. There is no doubt that this figure can be very 
much improved by designing the cylinders more suit- 
ably for this purpose, by careful insulation and by con- 
necting the cooling water from the piston, which here- 
tofore has not been used. 

The results achieved in recovery of waste heat will 
be of different practical value for different types of 
blast furnace plants. Where there is a steam plant in 
addition to gas plants, it would be advantageous to 
shut down some of the boilers and substitute steam 
from the waste heat boilers by connecting them to the 
steam mains, because this steam can be produced almost 
without cost for attendance and for fuel, 
fore, as cheaply as is possible. 


and there- 


DISCUSSION 


I. J. Freyx. Professor Langer devotes a considerable por- 
tion of his paper to the question of regulation of large gas 
engines and he points out in a very able and clear manner 
that of the two prevalent systems of regulation of gas en- 
gines, namely: by stratification of the mixture and constant 
compression versus throttling of gas and air and variable 
compression, the latter method has proved its superiority 
in every instance and from every point of view. 

I can but heartily endorse every statement made by Pro- 
fessor Langer and while in my earlier career favored the 
stratification method I frankly changed my mind many 
years ago as a result of practical experience with engines 
regulated on both systems. 

Abroad, the leading gas engine manufacturers have for a 
considerable length of time adhered to the stratification 
principle, although choosing the more rational form of at- 
tempting to obtain stratification by arranging their valve 
gear in such a manner that a certain quantity of pure air 
always followed the mixture. 

In this system, therefore, only one chance for diffusion 
between gas mixture and pure air exists, with the result 
that operation at fractional load was reasonably satisfac- 
tory because the danger of formation of a bad mixture dur- 
ing the suction and compression strokes was not as great as 
it is in the system where a variable quantity of mixture is 
“ sandwiched ” between two layers of pure air, causing dif- 
fusion in two planes, as it were, on either side of the mix- 
ture. 

It has been my experience that gas engines operating on 
the so-ealled stratification principle, while giving excellent 
results from full load to approximately half load, are not 


capable of maintaining regular ignition upon all piston 
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taces as soon as the load drops below approximately 50 
per cent of the rated capacity. 

The influence of this phenomenon upon regularity of op- 
eration, especially if alternating-current generators driven 
by such engines have to be operated in parallel, is very 
marked and it will be found that such power plants usually 
show excessive cross currents and “ swinging on the line” 
at light load. ‘This is not the case with engines regulated 
on the principle of variable compression and constant mix- 
ture, and especially with those where gas and air are throt- 
tled during the whole suction stroke. 

Professor Langer has very ably and comprehensively 
proved along theoretical lines why this should be so, and he 
points out especially what provision must be made in the 
governor gearing to bring about the desired results, not only 
at full load but also at fractional load. 

The point of “drowning” of gas engines in gas, raised 
by the author, is very well taken. Gas blowing engines which 
have to be operated at times at reduced speed are particu- 
larly susceptible to drowning. Gas blowing engines regu- 
lated on the principle of constant mixture and variable com- 
pression are better suited for slow speed operation, as was 
proven in many instances in Europe where large gas blow- 
ing engines could be operated for one hour at a speed of 19 
r.p.m. with full pressure of 15 lb. on the blowing cylinder. 

Without a single exception, German gas engine manufac- 
turers several years ago abandoned the stratification method 
of regulation and a large majority have adopted the so- 
called “combination system,” making use of the simplest 
method imaginable for throttling of air and gas, viz., by 
the application of so-called butterfly valves as throttling and 
regulating organs. 

These engines are regulated in the following manner. 
From full load down, the governor acts first only upon the 
gas dampers with decreasing load, while the air dampers 
remain in their original position. Below about 60 to 70 per 
cent of rated load, the governor begins, through a toggle mo- 
tion, to act upon the air butterflies as well. The toggle effect 
is so arranged that with further decreasing load, the air 
dampers act more quickly than the gas dampers, so that 
below a certain fractional load a perfectly constant mixture 
is admitted. 

It will be seen that this combination method of regulation 
combines the advantages of both stratification and constant 
mixture regulating methods; at the heavier loads, practically 
constant compression is obtained, while at the lighter loads 
governing is performed on the constant mixture principle. 

With reference to the subject of gas eylinders, I believe 
that Professor Langer’s excellent exposition of the relative 
merits of cast iron and cast steel and of the one-piece vs. 
the split gas évlinder deserves the careful attention of both 
gas engine builders and users. Professor Langer’s diseus- 
sion of this question is very timely, because in this eountry 
the battle between the advocates of the one and those in 
favor of the other is still waging. 

I have had an opportunity of studying these questions in 
detail during the last few years and I have come to the con- 
clusion that Professor Langer is unquestionably right in his 
preference for one piece cast-iron gas cylinders fitted with 
hard cast-iron liners. Earlier diffieulties with cracking of 
gas evlinders have naturally led manufacturers to look for 
a building material which could stand up better under the 
strains and stresses imposed by mechanical forces and tem- 
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perature variations. In Europe cast-steel cylinders were 
tried several years ago with the result that breaks occurred 
after a much shorter time of operation than when cast-iron 
cylinders where used. 
had in this country. 

Cast-iron cylinders in one piece can be made so perfect 
today that they will stand up very well. At the gas engine 
power plant at Gary, 140 one-piece cast-iron gas cylinders 
are in operation, 68 of which have been in service nearly five 
years. Of all these cylinders only one had to be actually 
replaced by a new one, although at the time of installation 
of these particular engines, the art had not progressed as 
far as it has today. It is true that a number of these cy!- 
inders show fire cracks and breaks in the counterbore, but 
repairs have been made and the cylinders are still in per- 
fectly satisfactory operation. 

One of the most important points to which by far too 
little attention is paid, especially in this country, is the ques- 


I believe that a similar experience was 


tion of the use of suitable cooling water. Very interesting 
experiments were made abroad to determine the effect of the 
accumulation of scale on the evlinder walls and it was 
found that the average temperature of these walls increased 
at an amazing rate with seemingly unimportant deposits of 
scale. I know of at least one installation where thermom- 
eters are inserted permanently in the inner eylinder walls 
reaching to within '4 in. of the evlinder bore. The opera- 
tor is supposed to watch these thermometers which, after 
the cylinder jackets have been thoroughly cleaned with wire 
brushes and weak acid solutions, show a gradual rise of 
As soon as the ther- 
mometers show a temperature of 125 deg. cent. the engine 
is shut down and the cylinder walls are again 
serubbed and cleaned. 


temperature while operation continues. 


varefully 
In this particular instance the erack- 
ing and breaking of gas cylinders which had become a nuis- 
ance on account of its frequency. was entirely stopped. 
Professor Langer has elaborated considerably on the ques- 
tion of the increase of output of large gas engines and im- 
I have studied the latest 
manufacturers to obtain 


provements in gas engine economy. 
attempts of European gas engine 
an overload capacity of four-cvele gas engines by using the 
have seen 
several installations abroad equipped with this system and 
I am familiar with tests made by Ehrhardt & Sehmer on 
engines furnished by them. 


so-called scavenging and surcharging method. 


They show that in spite ot a 
material increase in mean effective pressure amounting to 
25 to 35 per cent, no increase oceurs in the initial pressure 
uor in the average temperature of the gas evlinders and other 
gas engine parts exposed to the high temperatures of com 
bustion. This firm is prepared to give guarantees regarding 
the heat consumption of engines equipped with the scaveng- 
ing and sureharging system which are not any lower than 
those usually given for ordinary four-evele engines of equal 
capacity. 

I cannot agree with Professor Langer’s statement that 
engines operated on this principle are subject to a greater 
wear and tear than ordinary gas engines; the stresses and 
strains which the running gear and other engine parts sus- 
tain are due primarily to the initial pressure and not to the 
mean effective pressure. If we consider the main bearings, 
for instance, it will easily be seen that such a bearing will 
give no trouble as long as a film of oil can be maintained 
between bearing shell and shaft. The maintenance of such 
a film depends upon the amount of pressure per square inch 
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and not upon its duration; with lower initial pressure and 
higher mean effective pressure, therefore, these main bear- 
ings must give at least as good satisfaction as they are giv- 
ing in ordinary four-eyele engines. As a matter of fact, the 
dimensions of pins, bearings, ete., of scavenged and sur- 
charged engines have not been increased beyond those cus- 
tomary in ordinary non-seavenged engines. 

The question of utilization of the exhaust heat of gas en- 
gines has had practically no attention in this country, and yet 
it is such an excellent and cheap means of increasing the use- 
fulness of the gas engine and the financial returns from its 
application. I wish to refer in this connection to one of the 
best papers on the subject, which was read by Leon Greiner 
before the Liege Engineering Society about a year ago. 
Practical results are given which were obtained with an in- 
stallation of such boilers in connection with blast furnace 
vas engines at the John Cockerill Works of Seraing, Bel- 
gium. 

Referring to the competition between gas engines and 
steam turbines, I wish to call attention to my paper read 
before the American Iron and Steel Institute’s meeting of 
last May, which is devoted exclusively to this subject and 
which proves with the aid of eost figures obtained in actual, 
commercial operation of large gas engine power stations 
in this that 
“waste” industrial 


country gas engines operated on so-called 


gases—-an unfortunate misnomer which 
should be abolished as quickly as possible —are superior in 
commercial economy to any other known method of produe- 


ing power. 


F. Z. Neppen said that the present status of the large gas 
engine, both in Europe and in this country, is perhaps more 
considerably influenced by the introduction of surface-com- 
bustion boilers than implied in the paper. In this country 
we have very largely the use of natural gas, especially in the 
Pittsburgh district, which is very suitable for being used 
under Sehnabel-Bone surface combustion boilers. 
these installed at 


One of 
the Shinningroove [ron Works, in Eng- 
land, is claimed to have given an efficiency of nearly 90 per 
cent, as compared with the eflicieney of the ordinary boiler, 
which ranges from 65 to 70 per cent. That would mean that 
with the surface-combustion boiler the gases available in the 
Pittsburgh distriet would be able to produce one-third more 
power than at present. In other words, the cost of energy 
would in that district be reduced by about 20 per cent. 

A great deal is said about the advantages of the Schnabel- 
Kone boiler which are naturally claimed by those interested 
in its introduetion. Professor Langer’s experiences with it 
would be of interest, if he would give some account of them. 

To make his questions more specific, he said he would ask 
Professor Langer if it was true that the efficiency of the 
Schnabel-Bone boilers actually exceeded that of the ordinary 
boiler by about 25 per cent, and if that boiler was reliable 
in service;’ also if the utilization of the heat of waste gases 


in the gas engine was possible by the Schnabel-Bone boiler? 


R. H. Fernavp. At a central plant in this country, built 
to utilize low-grade fuels at the mines, I ventured to criti- 
cise the fact that a steam plant had been constructed instead 
of a gas plant. The vice-president of the company said that 
he had wanted to put in a gas plant, but was foreed to put 


' This question is very fully answered by G. Neumann’s article, 
an extract of which appeared in the Foreign Review for January, 
1914, p. 09, ete. 
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in steam as he found no large gas producer units that would 
be available and satisfactory for an installation of the size 
contemplated. In other words, it seems to be a question of 
the size of the unit which is deferring the installation of 
plants of 100,000 to 250,000 h.p. directly at the mines. I 
would, therefore, like to hear from Professor Langer his 
opinion regarding the possible size of the large gas engine 
of the near future. The question, of course, arises as to 
what is a large gas engine. 
considered large. 


In 1900 a 500-h.p. engine was 
At the present time we have 5000-h.p. 
units. What is to be the large gas engine 10 years from now? 
The 
steam turbine developed more rapidly than the reciprocating 
steam engine. 

All are familiar with the relic in the yard of the General 
Electric Company at Schenectady—a 5000-h.p. unit which 
was one of the early turbines of this country. 


The reciprocating steam engine was slow in developing. 


This was fol- 
lowed by an 8000-h.p. turbine and later by a 14,000-h.p. 
unit, and I understand that an order has recently been placed 
for a single unit of 30,000 or 35,000-kw. capacity. This 
steam turbine development has been very rapid. 

If we are to install large central plants at the mines and 
develop electric current for long distance transmission we 
must have large gas engine units if producer gas is to com- 
pete with steam. A gas producer of 3000 to 4000 h.p. capac- 
The con- 
struction of the plant is so simple that the cost of manufac- 
ture should be low. If this producer meets the demand and 
proves to be a commercial proposition, there is a possibility 
of developing units of not less than 10,000 h.p. in a single 


ity in a single shell has recently been installed. 


shell (since these comments were made I understand that a 
unit of 75 tons capacity per 24 hours has been ordered), but 
vas engine units of a size to compete with large steam tur- 
hines are slow in developing. This central station at the 
The few installations that have 
heen made at the mines have attracted the attention of engi- 


neers and | understand that one of the large coal companies 


mines is not pure theory. 


of! this country is at the present time considering the installa- 
tion of such a plant for the utilization of mine refuse. I 
was told recently that representatives of this company are 
iii Europe seeking information relating to large by-product 
vas plants. I have also been told that the producer-gas in- 
terests are also alive to the situation and have sent represen- 
tatives abroad within the past few weeks to study the ques- 
tion of large units. These large units seem essential if we 
are to utilize our fuel resources to the best advantage. I 
trust that Professor Langer can give us some definite infor- 
mation regarding the future of the large gas engine unit. 


F. S. Giuter. With reference to the point brought up 
about having gas-driven electric plants at the coal mines, [ 
would like to ask whether gas engine sets, in their largest 
sizes, could compete with steam turbine sets, in their largest 
sizes, in the matter of cost of production and convenience of 
operation. 

It is not easy to understand just what is meant by the 
author’s statement that the gas engine is vastly superior as a 
‘uel saver from the economic point of view. A concern 
handling a large power production undertaking does not 
consider either cost of fuel or first cost, except in their rela- 
tions to the total cost of production. Undoubtedly the cost 
of fuel is a very important item in this total cost, but I be- 
lieve that practically all of the other items, such as depre- 
ciation, repairs, rents, taxes, insurance, interest on invest- 
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ments, ete., are higher for gas plants than for steam plants, 
and that together they usually constitute a greater argument 
against the gas engine sets than the high heat efliciency does 
for them. I have lately visited many large steam-driven 
and water-driven electric generating plants, and also the 
large gas-driven plant at Gary. At this last place, I could 
not help being struck by the great size of the generating sets 
in comparison with the sizes of corresponding turbine sets, 
the enormous foundations and buildings required by them, 
and the obvious need of a large staff of men to keep them 
in proper repair and operation. Undoubtedly the sets would 
he smaller if they were using richer gas, but 1 doubt whether, 
at the present time, the best gas engine set, working under 
its best conditions, can compete with the best steam turbine 
set, working under its best conditions. With regard to the 
future, the chance would seem to favor the turbine more and 
more, for the efficiency of the turbine is improving rapidly 
and continuously, whereas that of the gas engine is not so 
marked. ‘The author speaks of the competition between the 
gas engine and the steam turbine, which lately has become 
very keen in Germany as well as in the United States. I am 
under the impression that the competition is becoming less 
keen and that the arguments are more and more in favor 
of the turbine. Several years ago, the Mond people in Eng- 
land were producing and distributing power gas on a large 
scale, but I believe their installations do not increase much, 
and that the progress made by gas plants generally during 
the last few years has not been anything like so marked as 
that made by the turbine, except that gas plants have been 
utilized in steel mills and other places where gas is to be had 
under unusually favorable conditions. 

A comparison: of the theoretical costs of production ot 
electrie energy by a large gas-driven plant and by a steam- 
driven plant of the same total capacity, assuming both of 
them to be situated at the coal pit and burning all the coal 
brought up from it, would be very interesting. I would 
like to ask whether such costs have ever been prepared and if 
not, whether the author considers that they would argue in 
favor of the gas-driven sets. 


F. Z. Neppen, in reply to a question referred to the 
Humphrey pump recently installed in Chingford near Lon- 
don. The problem of using the Humphrey pump as a gen- 
erator of electricity has been taken up by the Siemens- 
Schuckert Werke of Berlin. They are actively engaged in 
tests with the object of generating electricity by means of 
a water turbine driven by water raised by a Humphrey 
pump. The water after passing the turbine circulates 
through the pump again. So far nothing has been pub- 
lished as to the economy of the system. Such a plant would 
seem to be the proper spare for a low fall water turbine 
during periods of shortage in water. Instead of using a 
separate spare generator set driven by a steam or internal- 
combustion engine, the water would simply have to be 
pumped, by a Humphrey pump, from the tail-water back to 
the headwater and flow through the water turbine again, 
thereby saving expense for a spare generator and simplify- 
ing service. 


Tue AvurnHor. Referring to the discussion by Mr. Freyn, 
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while regulation by throttling the gas only will produce a 
smoothly running engine, I prefer to throttle air and gas 
simultaneously. 

In reference to cylinders, cracked cylinders which have 
been calked have lasted a good many years and very many 
of them are still in use. It does not weaken or damage the 
cylinder if eracks are noticed soon and calked. The crack 
gives some relief to the lamina which is exposed to the high- 
est temperatures and strains. 

With regard to the objections in connection with the sur- 
charging of the machine mentioned in the paper, I do not 
want to imply that the strains are due to the greater mechan- 
ical forces acting. There is no question that by reducing the 
compression pressure it is possible to work with the same 
iuaximum explosion pressure, at the same time having from 
20 to 25 per cent higher mean effective pressure. The strains 
referred to are not caused by mechanical forces but by heat- 
ing. 
but I have heard that the temperatures of the cylinders are 
iuereasing. This would mean an inerease of strain in the 
cylinder walls due to the sureharging of the engines. 

In reply to Mr. Nedden, I have no special information on 
the surface-combustion boilers. Generally it is said that the 
cylindrical surfaces on which the combustion takes place are 
filled with dust in a short time and put out of service. This, 
[ think, is not a serious inference, since it should be possible 
te produce combustion cylinders at such a cheap price that 
it will be practicable to “scrap” them when necessary. 

Professor Fernald asked about the size of gas engines. 
When we speak of large gas engines it means engines of 
1000 h.p. and upwards. Double-acting engines of less than 
about 35 in. or 36 in. diameter of cylinder are not built at 
all, at least in Germany. The limit of the size, aceording to 
our experience there, is about 55-in. bore, by 6-ft. stroke. 
Tandem engines of this sort would carry a load of 3500 h.p., 
which means a twin unit of 6000 or 7000 h.p., about the 
maximum limit. This limit is not determined by shop prac- 
tice or by designing, but by the impossibility of shipping 
hy rail larger sizes of frames, cylinders and tie pieces. 

I agree with Professor Fernald with regard to the pro- 
duetion of electric power at the mines. Power can be pro- 
duced at the mines for generating electricity and the ecur- 
rent transmitted at 100,000 or 150,000 volts, which voltages 
| understand are being used in this country. Whether these 
big central stations will use gas engines or steam turbines 
is very hard to say; the question will probably be decided 
to a large extent by financial considerations. 

While big units with piston engines are limited to 6000 
or 7000 h.p., no limitations are given for the gas turbine, 
and this problem certainly represents the next advance to be 
made by the mechanical engineer. 

In reference to waste heat boilers (in reply to a ques- 
tion), I eannot give the data on the necessary heating sur- 
face of these boilers. But it is not advisable to use too much 
of a heating surface, for it is necessary to discharge waste 
gases with temperatures of 200 or 220 deg., in order to pre- 
vent the condensation of the steam vapor in the exhaust 
gases and corrosion of the tubes, as sulphur is found in any 
of the industrial gases. 


In this matter | cannot draw on my own experience, 
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DYNAMIC BRAKING FOR COAL AND 
ORE-HANDLING MACHINERY 


By CLark T. HeENpEeRSON, MILWAUKEE, Wis. 
Member of the Society 


The knowledge that a direct-current electric motor 
can be operated as a generator and may therefore be 
used as a retarding device, as well as a driving means, 
is as old as the motor itself, and at first glance it 
appears strange that dynamic braking did not come 
into vogue until recent years. There are, in the writ- 
er’s opinion, reasons for this which become apparent 
when the history of the art is considered. The earliest 
forms of coal and ore-handling machines were steam 
bridges or unloading towers, equipped with small ca- 
pacity non-automatic tubs. In most cases these were 
lowered, with the hoisting engines acting as retarding 
devices. In cases where buckets were retarded in low- 
ering by some sort of friction device no great amount 
of trouble was experienced, because there was rot 
much energy to be dissipated. With the introduction 
of the automatic grab bucket the difficulties experi- 
enced with mechanical lowering brakes began to mul- 
tiply, for the automatic buckets were naturally much 
heavier in proportion to the load handled than the 
small tubs which they replaced, and the duty imposed 
upon the lowering brakes was, therefore, greatly in- 
creased. 

After the adoption of the automatic grab bucket the 
tendency was towards electrically operated apparatus, 
on which was used the retarding brake, already devel- 
oped for steam plants. At first these sufficed and 
were considered satisfactory, but as bucket capacities 
increased from year to year, and the energy to be 
dissipated by the lowering brakes increased corre- 
spondingly, they began to show unmistakable signs 
of lack of ability to handle the duty imposed. 

In analyzing the conditions above outlined, the 
underlying reasons are quite apparent: in small ca- 
pacities the unit pressures on friction faces can be 
low, hence the wear is only nominal, and at the same 
time the radiating surface per watt dissipated can 
be sufficiently great to insure low temperature rise of 
parts. In large capacities, however, it becomes prac- 
tically impossible to retain these proportions, on ac- 
count of the apparatus becoming unwieldy. As a fur- 
ther disadvantage, the physical effort required to 
handle large friction lowering brakes is quite consid- 
erable, and it is axiomatic among designers of this 
class of machinery that prolonged high speed is not 
possible if the operator is called upon to exert any 
great effort. 

Several builders brought out equipments on which 
brakes were controlled by air or hydraulic cylinders, 
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with only pilot valves handled by the operator. 
These arrangements did not overcome heating dif- 
ficulties, and in many cases were found unsatisfactory 
because of the lack of sensitiveness of control. When 
the operator handles friction brakes directly, he can, 
by sense of touch, determine when they are dragging 
to a proper degree, but when operated through a pilot 
valve, this sense is-lost. It was natural, therefore, that 
the first 10-ton unloading machines to be electrified 
should have dynamic braking employed to retard the 
descending bucket. Manufacturers of bridges next 
adopted this form of control, first for ore handling and 
later for coal. It is now used extensively for ordinary 
traveling cranes, and from the present outlook it is 
quite possible that the mechanical lowering brake will 
be entirely obsolete within a few years. 

On the earliest installations compound-wound di- 
rect-current motors were almost invariably employed, 
the shunt winding being deemed necessary to insure 
prompt building up of the fields. Later developments 
showed that series motors, the characteristics of which 
made them so desirable for hoisting, could be used 
equally well if their fields were temporarily excited 
just at the moment of releasing the holding brake and 
the excitation current cut off as soon as the machine 
built up as a generator. The cutting off of the ex- 
citation current is desirable, not only from the stand- 
point of current economy, but also from that of motor 
heating, for whatever exciting current is passed 
through the motor fields simply adds to the general 
heating of the machine. The use of series motors is 
also desirable from the standpoint of simplicity. 
Where compound motors are employed it is considered 
the best practice to leave the shunt field continuously 
excited and the heating consequent to the continuous 
excitation of these shunt windings is considerable. 

Some form of holding brake must be employed in 
connection with dynamic braking, for while the motor 
acting as a generator can prevent the load from de- 
scending faster than a few inches per minute, it can 
never entirely stop the load, except through the aid 
of a mechanical holding device, which in some cases 
is electrically operated and automatic; in others 
manually controlled and non-automatic. 


DIFFICULTIES ENCOUNTERED 

One of the difficulties first encountered in connec- 
tion with dynamic brake control systems was that the 
operator, who must necessarily be able to reverse his 
hoist motors in order to open his grab quickly and 
to start down without loss of time, would in many 
eases leave the power on almost all the way down 
and would in consequence race the hoist motor to 
such an extent as to throw out commutator bars and 
tear armature coils from their fastenings. Even if 
these things did not occur, the commutation at these 
high speeds was sure to be very poor, and motors were 
apt to flash over when the operator threw his con- 
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troller back from the reverse power to the dynamic 
brake position. It can readily be seen that the clo- 
sure of the dynamic braking circuit at a time when 
the armature speed was several times more than nor- 
mal would cause the flow of a braking current of ex- 
cessive value. 

These difficulties led to the adoption of a control 
scheme which permits the operator to reverse the 
hoist motors when opening buckets and when starting 
to lower, and which causes the machine to operate as 
a motor until a predetermined speed is reached, when 
it automatically and without interruption of the cir- 
cuit becomes a generator. This system was further 
perfected by the introduction of current relays in the 
braking circuit, with which the current of retardation 
can be limited to a reasonable value, and a value well 
within the commutation limits of the motor. As a 
further refinement control systems have been devel- 
opened for those installations where the holding brake 
is automatically operated which insure the mainte- 
nance of the brake in the released position until the 
load has come substantially to rest. 

Some plants installed during the development stage 
have not been as satisfactory as the purchasers had 
hoped. Against the later and perfected installations 
only two indictments can properly be drawn: (a) 
motors sometimes overheat; (b) machines have insuf- 
ficient lowering speed. 

Assuming the installation of a proper control sys- 
tem, the overheating of motors can invariably be 
traced to improper selection. Hoist motors cannot 
properly be selected on the basis of horsepower to be 
developed during the hoisting period. The service 
for which they are employed is so intermittent as to 
necessitate their selection by what is known as the 
root-mean-square method, or its equivalent. Gener- 
ally speaking, motors required for a given hoist oper- 
ating on a given cycle must have a thermal capacity 
which is greater by 33'/, per cent if dynamic braking 
is employed than will be required if the lowering of 
the bucket is accomplished by mechanical brakes. 

Lowering speeds, possible with standard motors 
and dynamic brake control, never seem to be criticised 
except in connection with high-speed unloading plants. 
Generally speaking, it is not good practice to figure 
on obtaining lowering speeds which are greater than 
200 per cent of the full load hoisting speed, unless 
special motors are employed, and it is a mighty good 
plan to figure on holding the lowering speeds down 
to one and one-half times full load hoisting speed if 
possible. The commutation of standard series wound 
motors of what is called the mill type (and this is 
the type which is generally used on coal or ore 
handling bridges) is not good if they are operated 
above 200 per cent of full load speed; furthermore 
the energy stored in their armatures becomes too great 
for rapid control when they are operated above this 
limit. If dynamic braking is to be a complete suc- 


cess on fast plants, it will be necessary for the design- 
ers of that machinery to select special slow-speed 
motors of the interpole type. There is little or no 
doubt but that with properly selected motors lowering 
speeds can be obtained with dynamic brake control 
which are just as high as those which are possible with 
mechanical lowering brakes. The apparatus will, 
however, be somewhat more expensive, and may be 
commercially impossible for that reason. 


DYNAMIC BRAKING FOR TROLLEY SERVICE 

So far we have considered dynamic braking only 
as applied to direct-current motors used for bridge 
hoist service. In some cases this form of control has 
been used in connection with trolley traverse motors, 
but for this service it is not nearly so well adapted; 
in the writer’s estimation its fitness is questionable. 
In hoist service there is always a definite force (that 
of gravitation acting on the bucket) tending to run 
the hoist motor as a generator at all times when brak- 
ing is required. On trolley traverse service the force 
driving the motor is exceedingly variable, being that 
of trolley inertia, and therefore proportional to the 
square of the trolley speed. 

In hoist service dynamie braking is never required 
when the motor is rotating in the hoisting direction, and 
the reversal of the direction of rotation, before the 
motor is called upon to act as a generator, makes it 
possible for a series machine to be self-exciting with- 
out reversing the relation of armature and field, as 
is necessary on a trolley traverse motor when braking 
is to be accomplished while the motor continues to 
revolve in a given direction. The result is that a 
dynamie brake hoist controller is a much simpler and 
much more reliable piece of apparatus than a corre- 
sponding control for a trolley traverse motor. 

The variable amount of energy to be absorbed on 
trolley control service and the comparatively small 
number of steps commercially possible make it im- 
practical to stop by dynamic braking without making 
the bueket swing. Air braking, under the control of 
a standard railway type brake valve, providing, as it 
does, an infinite number of gradations of braking, is, 
in the writer’s opinion, preferable for heavy duty, 
and the manually applied brake preferable for light 
service. 

When a motor runs, say in a clockwise direction, 
it will be found that the best results will be obtained 
by setting the brushes a little ahead of the neutral 
point and thus giving it what is called the ‘‘ motor 
lead.’’? What is motor lead for one direction of rota- 
tion is ‘‘ generator lead ’’ for the opposite direction 
of rotation. Hoist motors can have their brushes 


given motor lead for hoisting and this will aid them 
to commutate properly while acting as generators dur- 
ing lowering. Any reverse power that they may be 
called upon to develop will be so small in comparison 
with that required in hoisting that their generator 
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lead for the lowering direction will not be found ob- 
jectionable. The trolley traverse motors when used 
with dynamic brake control may be called upon to act 
either as generators or motors in both directions, and 
therefore cannot be thus aided. For this reason it is 
especially desirable to employ interpole motors when 
dynamic braking is used for trolley traverse control. 
MISCELLANEOUS USES 

In connection with car dumping machines there is 
no doubt but that dynamic brake control for the tipple 
motors is highly advisable, and so far the writer has 
heard no valid objections to its employment for this 
service. The lowering speeds demanded are never ex- 
cessively high, one and one-half times full load hoist- 
ing speed invariably seeming to be considered quite 
satisfactory. 

Dynamic brake control systems are sometimes em- 
ployed in connection with car haul for pulling ears 
upon a dumper. In those cases where it is employed 
it has proved quite satisfactory. Braking is not or- 
dinarily required when moving the mule car up the 
incline, and such braking as may be required in low- 
ering is so small in comparison with the capacity of 
the motors necessarily employed as to make the prob- 
lem an exceedingly simple one. 

Of late years there has been a considerable number 
of bridges equipped with alternating-current motors 
and in some instances dynamic brake control has been 
employed in connection with those motors operating 
the hoists. The writer has not heard of any installa- 
tions where this form of control is utilized in connee- 
tion with trolley traverse motors. 


USE WITH ALTERNATING CURRENT 


A three-phase alternating-current motor of the slip 
ring type has to a large extent the characteristics of a 
direct-current shunt wound machine. Having these 
characteristics, it resists any force which tends to 
make it revolve above synchronous speed. A motor 
whose synchronous speed is 750 r.p.m., for example, 
will operate at about 720 r.p.m. when exerting full 
load torque. If a force equal to full load torque tends 
to revolve this motor above synchronous speed, the 
machine will develop a retarding force equal to the 
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propelling force at approximately 780 r.p.m. On ac- 
count of this characteristic, three-phase motors can 
be connected directly to the line for reverse operation 
and will prevent the lowering speed from excecding 
the full load hoisting speed more than a few per cent. 
The motors cannot, however, be used to slow down 
the load, for only this one braking speed is available. 
On some installations attempts have been made to ob- 
tain perfect braking control by the excitation of the 
stator winding of the hoist motors from a source of 
direct-current supply. 

When the stator windings are thus excited the 
motors act as generators and the currents set up in 
the rotor windings serve to retard the descending load. 
It has been found, however, that to bring the descend- 
ing bucket substantially to rest, a very heavy exciting 
current is required in the stator winding. In fact, 
the exciting current required is so high that if pro- 
longed for any considerable period of time, it will 
cause the winding to overheat. It has been necessary, 
therefore, to incorporate with these alternating-cur- 
rent dynamic braking control systems adapted to give 
graduated control, means for varying the stator ex- 
citation in proportion to the braking effort which the 
motor is expected to exert. There is one successful in- 
stallation of this character with which the writer is 
familiar, but the maximum lowering speed it is pos- 
sible to obtain is only one and one-half times full load 
hoisting speed. Above this speed the machine devel- 
ops a tendency to run away. Then again, the ma- 
chines are much slower in operation because the fly- 
wheel effect of the rotors in alternating-current motors 
is considerably greater than that of armatures in 
direct-current motors of corresponding capacity. 

In conclusion, it would seem proper to state that 
dynamic brake control with properly selected motors 
is desirable on the hoist motion of all direct-current 
coal and ore-handling machinery; that the use of 
dynamie brake control in connection with trolley 
traverse motors is undesirable on both direct-current 
and alternating-current, and that the use of dynamic 
brake control is desirable in connection with alter- 
nating-current hoist motors, provided there is a vari- 
able excitation of the stator windings during the brak.- 
ing period. 
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HOISTING AND CONVEYING 


A Brief Review of the Art of Hoisting and Conveying, with Discussion of Different Types 
of Apparatus, and Suggestions as to Equipment and Operation 


few years ago, the use of hoisting and conveying 

machinery was confined almost exclusively to the 
handling of ore and coal, while today there is hardly 
an industry that is not interested in the rapid and 
economical handling of material. High cost of labor 
and strong competition have increased the importance 
of this subject and made the material handling engi- 
neer an important industrial factor. Improvements 
in hoisting and conveying machinery have been most 
rapid where they could be applied without disturbing 
existing methods, but where radical changes were nec- 
essary, progress has been slower. 

There are now before us far more complex prob- 
lems that will require in their solution the codpera- 
tion of all interested, and your Committee, comprising 
engineers, manufacturers and users of hoisting and 
conveying machinery, desires to make itself of real 
service to the members of the Society as well as to the 
users of this class of labor saving machinery. To ob- 
tain the opinions and encourage discussions along 
these lines, it begs to submit the following report: 


REVIEW OF THE ART OF HOISTING AND CONVEYING AT THE 
END OF 1912 


The hoisting and conveying machine, in which thie 
load after hoisting travels in a straight line, became 
important in this country in the year 1880. The 
earliest efficient commercial machines produced after 
that date were chiefly the invention of Alexander 
Brown of Cleveland, Ohio. Since that date the im- 
provements have been rapid, particularly in apparatus 
for handling ore and coal and other bulk materials. 
The early machines employed buckets that were filled 
by hand. These have almost entirely disappeared 
and automatic grab buckets have taken their places. 
In these machines the winding machinery was in- 
stalled at one end of the structure where it served 
to operate the hoisting and conveying ropes. 

The introduction of electricity as a motive power 
is directly responsible for the development of the man- 
trolley machine. In the latter the operator as well as 
the motors both for hoisting and conveying are fre- 
quently carried entirely in the movable trolley. 

The capacity of the hoisting and conveying machine 
has been greatly increased, for individual loads 
handled now reach 50 tons and over, and conveying 
speeds for lighter loads have increased to more than 
2000 ft. per min. 


Report of Sub-Committee on Hoisting and Conveying. Presented at the 
Annual Meeting, December 1913, of Tae American Socrery oF MECHANICAL 
Enarnerrs, 29 West 39th Street, New York. 


The cableway as a hoisting and conveying machine 
made as rapid progress in its development as those 
employing rigid tracks supported by bridge struc- 
tures. The span of cableways, that is the distance 
between two fixed towers, has reached 2400 ft. Con- 
veying speeds of 3000 ft. per min. have been attained. 
The self-filling grab bucket and the self-filling scraper 
bucket are in common use on cableways today. The 
duplex cableways on power propelled steel towers as 
used in the construction of the Gatun Locks at Pan- 
ama represent the highest development of the cable- 
way art. The cableway has found a wide field of use- 
fulness of its own, particularly where portability and 
semi-portability and long reaches are demanded. 

Within the past two years the problem of package 
freight handling by mechanical means has received 
the attention of railroad and steamship companies, 
the manufacturers of mechanical handling appliances 
and public boards interested in terminal construction. 
Development has been principally along two lines, the 
overhead and the surface system, though a third, the 
conveyor system, has received some consideration. 
The conveyor system, while perhaps well adapted to 
certain special conditions, is believed to be not suf- 
ficiently flexible to meet the complex requirements of 
a typical marine and railway terminal. 

The storage battery truck has been introduced and 
has found favor in several terminals. It takes the 
place of the old hand truck, making it possible for a 
man to travel faster and with a much heavier load, 
hence reducing the cost of transportation but not 
otherwise affecting the problem of hand labor. This 
truck has the advantage of easy introduction into old 
terminals requiring only a reasonably smooth floor. 
Like the hand truck, it can enter box ears and ships 
having side hatches. 

In this connection may be mentioned the inclined 
elevator which has been introduced at a few marine 
terminals for carrying loaded trucks up a steep grade. 
The storage battery truck carrying a light crane has 
also been introduced, but up to the present time has 
not found a broad field of usefulness. 

The overhead monorail system is being pushed by 
several manufacturers and is looked upon favorably 
by many interested in terminal development. It is 
not a new device but is rather the application of an 
old device to a new field, for it has long been used to 
a limited extent in industrial plants. Its introduc- 
tion into the field of freight handling has resulted in 
some interesting improvements, especially in track 
and track switch systems. 
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Ingenious devices have been worked out for throw- 
ing the switch to the desired position and automat- 
ically placing a stop at the open track end by the 
approaching trolley. One system lately introduced 
avoids the use of any moving part in the switch steer- 
ing mechanism carried by the trolley, enabling the 
operator to take any desired course through the switch 
without stopping. 

An overhead system which has been used to some 
extent in Europe and which has its advocates in this 
country, employs what is termed the gliding switch. 
It has a curved switch member which slides along the 
main track. It permits a trolley to pass from the main 
track to the traveling cross track at any position. 
This switeh is, as far as the main track is concerned, 
a derailing device. It is believed by the Committee 
that no installation of this type has been made on this 
side of the Atlantic. 

Several installations of monorail systems for handling 
package freight have been made in this country, one 
at St. Louis of considerable size and another at one 
of the railroad terminals at Baltimore. These instal- 
lations were made previous to 1912 and afford an op- 
portunity to study the problem with a view to deter- 
mining the type of terminal and layout of monorail 
system best calculated to produce the desired results 
of speed and economy. 

An overhead monorail installation was made at the 
altic terminal, New York, in 1912, which handles 
freight both ways between vessels, warehouse, and a 
freight shed alongside a railway track. The system 
passes over streets and tracks at a suitable elevation 
so as not to hinder in any way the traffic on the 
ground level. 

Another monorail system has been installed in a 
large wholesale warehouse in Los Angeles, Cal., which 
combines the handling of package freight from box 
cars to warehouse and thence for delivering by auto- 
mobile trucks. A system of elevators permits the trol- 
leys to be transferred to any one of five different 
floors, and extensions of the tracks over the street 
make possible the direct loading of automobile deliv- 
ery trucks. These trucks are designed with remov- 
able bodies which are loaded in the warehouse and 
conveyed by the trolleys to the automobile trucks. 
Thus a shipment may be loaded on the fifth floor of a 
building and carried direct to the delivery automobile 
truck where it is placed intact without rehandling. 

The removable bodies are equipped with small 
wheels so that the trucks themselves may be pushed 
about like ordinary hand trucks. A system of this 
type serves as a good demonstration of the saving in 
freight handling costs that could be made if railroads 
delivered freight to the address of the consignee. 

In the present development stage, the storage bat- 
tery truck and the monorail overhead system appear 
to be competitors for the field. Certain advantages 
and limitations of each are recognized. The battery 
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truck as mentioned above will enter box cars and side 
doors of ships. It will go anywhere a smooth floor is 
provided, but it will only transport and will not hoist. 

The overhead system involves greater initial cost. 
The trolley will go only where track is provided and 
will not enter box cars, but it will serve flat cars and 
may reach out over a ship, serving any hatch or the 
dock without regard to level as affected by stage of 
tide. It will hoist as well as transport, thus providing 
a means of transferring freight from one floor to an- 
other, and with the traveling cross track will serve 
areas and tier freight. The monorail trolley affords 
higher speed of trayel than the battery truck. As it 
does not require clear floor space for a roadway, more 
floor is available for checking, storage, ete., and the 
capacity of the terminal materially increased. This 
increase in capacity should in a great measure, and 
perhaps fully, justify the greater outlay. It is prob- 
ably a safe prediction that the two systems, the over- 
head and the surface, will supplement each other, 
though different local conditions may sometimes con- 
trol. 

Codperation between railroads, steamship and dock 
companies, and machinery manufacturers is absolutely 
essential to the best results in the development of de- 
vices for the mechanical handling of freight. Modi- 
fications and improvements in the organization and 
management of terminals must of necessity be made 
coincident with the installation of the hoisting and 
conveying appliances in order that such machinery 
may best serve its purpose. 

In the past year the mechanical handling of lumber 
has received considerable attention. This is particu- 
larly true on the Pacifie coast, where extensive prepa 
rations are being made for handling the large increase 
in business that is predicted will result from the open- 
ing of the Panama Canal. 

The unit system of handling lumber is becoming 
more and more general. By the unit system is meant 
the sorting and stacking of lumber in uniform units 
which may be separated by skids or chocks, and one 
unit or package handled at a time. Modern hoisting 
and conveying appliances are equipped with auto- 
matic grapples so that these units may be picked up 
or deposited by the operator in the hoist. The units 
will range from 3 to 8 tons. 

In this work the monorail man trolley has been a 
recent and important development. The locomotive 
crane has also found a field in this branch of industry 
and in some cases the locomotive crane of the portal 
pier type is needed, so that freight cars may pass be- 
tween the legs of the cranes and be loaded and un- 
loaded by it. This type of crane is designed to travel 
along the face of the dock for handling lumber di- 
rectly to and from boats, and by means of a transfer 
table the crane may be switched to branch tracks for 
the handling of lumber to and from storage piles. 

Probably the most radical development in the lum- 
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ber handling industry is that which the C. A. Smith 
Lumber Company of California have undertaken. 
The unit system is employed and the lumber is 
handled by various types of cranes. Cantilever cranes 
are used on the dock face for loading specially con- 
structed vessels for the trade, which enable the large 
5-ton units of lumber. to be stowed intact. This means 
of direct handling of large units, and the development 
of special vessels to facilitate handling most nearly 
approach the history of the development of the coal 
and ore handling business on the Great Lakes. 

We find also that during the year 1912 portable 
cableway log skidders have been produced and many 
have recently been installed in the mountain re- 
gions of North Carolina and Virginia. The features 
of this apparatus are: (a) the power plant is entirely 
mounted on a special railway car equipped to be 
coupled into a train of ears and shipped anywhere on 
a standard gage railway; (b) the car carries, besides 
the operating machinery, boilers, ete., a tower which 
will clear the tunnels of the railroads. <A portable 
tower is added when the machine arrives on the log- 
ging railroad and a steel portable spar, which com- 
prises the head tower of the cableway, is raised when 
in use and lowered when moving. A tree is used for 
the tail tower. Spans of 2000 ft. have been success- 
fully employed bringing in logs from inaccessible 
places and thereby reducing the cost of logging by the 
saving of railroad building. 

Two novel forms of cableways have reached their 
perfected stage during the year 1913. Both of these 
are for use on the high seas, one for trans-shipping 
coal, ammunition and supplies to warships in mid- 
ocean under headway, and the second for trans-ship- 
ping persons from a wreck to a life-saving ship. 

The apparatus for coaling at sea has been under de- 
velopment for over ten years but not until the last year, 
and since the newly developed automatic tension en- 
gine has been added, can the marine cableway for 
coaling at sea be regarded as a complete solution of 
the problem. During recent tests at sea a collier, 
while rolling 20 deg. in a driving storm, trans-shipped 
83 tons of coal in an hour to a battleship 400 ft. astern 
of the collier while both were proceeding at a speed of 
about 7 knots. : 

The life-saving machine comprises the old-fashioned 
breeches buoy apparatus, in common usage along the 
coast, in connection with a small sized automatic ten- 
sion engine serving to wind in and pay out the main 
supporting cable or hawser serving as a trackway for 
the passage of the breeches buoy from ship to ship. 

The year 1912 also marked the completion of an 
extraordinary group of four cableways employed for 
building the Tunkhannock bridge on the Delaware, 
Lackawanna & Western Railway. The chief novelty 
arises in the employment of a center tower 230 ft. 
high serving as a tail tower for the cableways in line. 
A further novel feature of these four cableways is in 
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the equalizing apparatus to save the strains upon the 
guys of the central tower. The hoisting speed is 200 
ft. per min. and the conveying 1800 ft. per min. 

During the year there have been installed on the 
Sag Channel, a branch of the Chicago drainage canal, 
three different types of drag line excavators consist- 
ing of an elaborate crane with a boom 100 ft. long, 
capable of digging, hoisting and swinging, and dump- 
ing at a point 200 ft. back from the center of the canal. 
These long arm excavators are reported as showing 
a capacity of approximately 50,000 cubie yards per 
month, working 24 hours a day. 

During 1912, the conveyor field was marked by 
little change except plants with larger capacities than 
in the past both in chain and belt conveyors. 

One development which is of interest was the sue- 
cessful demonstration of the possibility of storing 
material in open piles on the ground and withdrawing 
same by tunnel conveyors. The plant in question 
handled 6-in. limestone which was put into storage by 
a 40-in. belt conveyor equipped with an automatic 
tripper and earried by a steel structure. The concrete 
tunnel under the pile housed a 44-in. belt conveyor 
and duplex gates in the roof of the tunnel allowed 
the stone to flow to the belt by gravity. There were 
successfully handled through a single duplex gate 
1300 tons of stone per hour. This type of storage 
costs about half of the same capacity in bins and in 
this case replaced bins on a dock, the stone from 
open storage being carried to the vessels by 44-in. belt 
conveyors. Seven thousand tons were loaded without 
difficulty in six hours. This scheme of carrying a 
large storage on good ground, thus reducing the cost 
of the dock, is a distinct step forward, particularly 
where rapid loading is required and where the sup- 
porting of heavy loads involves expensive dock work. 

The second important development in this industry 
is the extension of the use of conveyors in pre- 
paring copper blast-furnace charge. The old methods 
of spreading the charge on the ground by barrows or 
by cars into bins was inaccurate and expensive, while 
the conveyor method is automatic and a continuous 
sample being taken, the exact chemical contents of 
the charge are known. This improvement has re- 
duced the cost of preparing the charge from 10 to 
15 cents per ton. Two large installations in Arizona 
during 1912 involving an expenditure of nearly $400,- 
000 are evidence of the fact that smelter engineers are 
recognizing the importance of using improved auto- 
matic machinery. 

Data. As there are few aceurate published data 
concerning capacities, weights, power formulae, ete., 
of conveyors and elevators your Committee would urge 
the engineers in this field to present such data through 
the Society. These data will be of inestimable value 
to the engineers designing plants, enabling them to 
choose the proper type of conveyor and to pass intel- 
ligently upon the designs submitted. 


oe 
ha 
Sak 
pe 
iy 


REPORT OF SUB-COMMITTEE 


These installations do not by any means cover the 
field of development, and the Committee invites mem- 
bers to forward brief descriptions of other interesting 
and novel installations in the field of hoisting and con- 
veying. 

RECOMMENDATIONS AND SUGGESTIONS 

Boilers. It is not the desire of the Committee to 
decry the formation of stringent boiler laws, but it 
urges that if state and city boiler laws were stand- 
ardized it would reduce the cost and permit the ship- 
ment of a boiler from state to state. It would further 
make it possible to carry boilers in stock ready for 
quick shipment. This subject has been considered by 
the American Boiler Manufacturers’ Association at 
its New Orleans meeting, March 1912. 

At present we have a national uniform law pertain- 
ing to marine boilers, their construction, inspection, 
etc. All boilers used in navigation and on navigable 
waters of the United States come under the Steamboat 
Inspection Service of the United States Government, 
with headquarters in Washington. Faets have proved 
that this national uniform law has been good, and 
under it there have been few accidents. 

Locomotive boilers by force of circumstances come 
under the jurisdiction of the United States Govern- 
ment through the Interstate Commeree Commis- 
sion. This commission is divided into districts, and 
the inspection is uniform. 

The state of Massachusetts has an excellent boiler 
law, and Ohio has just adopted a similar one. Chi- 
eago, Philadelphia and Detroit each have their own 
ordinances regulating boiler construction, all with the 
result that boilers built to the requirements of Chi- 
cago might not pass inspection in other cities. 

Your Committee offers the suggestion that if the in- 
fluence of The American Society of Mechanical Engi- 
neers is brought upon the proper authorities, improve- 
ments in standard boiler laws must be obtained. 

Electric Equipments. The uniformity of all laws 
of this character is essential both to the builder and 
the buyer, and we again urge that steps be taken by 
the Society as a body, to further reforms in this diree- 
tion. 

Safety. Your Committee urges that much ean be 
done by providing better protection of human life, and 
deplores the great number of accidents that have been 
eaused in connection with the operation of hoisting 
and conveying machinery. The chief reason for neg- 
lect of this phase of the art is that purchasers of hoist- 
ing and conveying machinery have not been willing to 
recognize such additions and refinements where these 
have added to the cost of the machines. It urges that 
the question of safety to human life be conscientiously 
considered by manufacturers, engineers and purchas- 
ers. 

Your Committee recommends that ladders be aban- 
doned, where possible, and stairways with hand rails 
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substituted ; that all platforms and walks be provided 
with double hand rails, toe boards, ete. Where lad- 
ders are unavoidable they should be enclosed by lattice 
work or bars to prevent employees from falling in case 
of losing hand or foot holds. 

Foundations. Much blame has been put upon build- 
ers of this heavy hoisting and conveying machinery 
on account of inadequate foundations. Builders of 
hoisting and conveying machinery seldom design the 
foundations for their machinery. The design of foun- 
dations for big installations comes within a field of 
foundation specialists who, if employed by purchasers, 
would obviate many difficulties which might arise. 

Many docks and storage areas bordering on rivers 
and lakes, designed for carrying large quantities of 
bulk materials, have not received the attention in this 
particular that they should. In many cases expensive 
concrete dock walls and piling have been pushed out 
into the rivers by the pressure of the loads carried 
on the area in the rear. This is particularly true in 
stock vards around the Great Lakes. 

Hoisting and conveying machinery should be de- 
signed to take care of a reasonable amount of distor- 
tion, but it is not reasonable to expect that these mas- 
sive structures, many of them weighing over a million 
pounds, can have an unlimited elasticity as to distance 
between supporting rails. Disregard of suitable foun- 
dations results in broken wheel flanges, distorted 
structures and increased power for propulsion. 

Depreciation. Your Committee finds that some of 
the largest and most expensive hoisting and conveying 
machines installed some ten or twelve years ago, are 
today showing signs of weakness. This indicates that 
the manufacturers and designers did not anticipate 
the use (and abuse) that this class of machinery was 
to receive. Many machines have been designed, sold 
and guaranteed for a certain capacity, which later de- 
veloped capacities nearly double that originally con- 
templated, and carried loads far in excess of those 
originally estimated. Users do not hesitate to increase 
the weights of buckets and loads to such an extent 
that factors of safety are dangerously reduced. 

Such use helps to depreciate the machines and en- 
dangers human life. Purchasers frequently fail to 
appreciate the great damage to structures caused by 
the passage of loads at high speed from rail end to 
rail end. Well designed and efficient machinery, hav- 
ing due regard to human safety and the reduction of 
costs of upkeep, will many times repay the purchaser. 

Wheels. Your Committee finds that the data con- 
cerning track wheels for heavy hoisting and convey- 
ing machinery are most limited, both for rolled steel 
or chilled cast-iron wheels. The Committee invites 
papers bearing on this important subject. 

Brakes. In many hoisting and conveying machines 
in the past, working to their utmost capacity, the 
brakes showed need for improvement. Some showed 
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inadequate provisions for the dissipation of the heat 
developed, others were too short lived. It is no small 
undertaking to lower a 20-ton load at the rate of 350 
ft. per min. once every minute. The dynamic brake 


has recently taken a prominent place in the control 
of loads. 


Wire Rope. Your Committee urges the importance 
of the selection of wire ropes and the design of struc- 
tures to obtain the greatest life from ropes in service. 
The transportation of heavy loads together with the 
limited space for the installation of the operating 
machinery produces elements which are most destruc- 
tive to the wire ropes. Ropes become an expensive 
factor in the operation of machinery of this class. A 
valuable paper on this subject was recently read be- 
fore the Institution of Mechanical Engineers of Great 
britain, and a digest of it should be before designing 
engineers. The durability of wire rope is of great im- 
portance to all users of hoisting and conveying ma- 
chinery, and any paper treating exhaustively of this 
subject would be welcome. Such a paper should bring 
out the relationships between the diameter of the rope 
and the sheave over which it is to travel, the diameter 
of the individual wires in the rope, as well as the re- 
lationship between the diameter of the rope and the 
angularity of the bend when working over a sheave. 
It would be most desirable to obtain proper specifica- 
tions for wire ropes for use in hoisting machinery and 
suitable tests to establish its values. 


Ethics. Your Committee urges that the drawing 
plans and specifications prepared by any engineering 
concern are the property of the concern producing 
them, and holds that buyers should receive such in 
confidence, decline to exhibit them to others, refuse to 
permit them to be copied or used by any (but the 
owner) for purposes of construction. 

It recommends among engineers that a uniform 
clause be embodied in all proposals requiring the re- 
turn of blueprints, drawings and specifications to un- 
successful bidders, and furthermore, that all informa- 
tion submitted for consideration be regarded as the 
property of the manufacturers and be treated in con- 
fidence. 

Pirating of ideas is regarded by the Committee as 
dishonest, and in the end works to the detriment of the 
buyer as well as to the engineering firms, for it is 
clear that the most efficient machines are likely to be 
produced by the mind that created them rather than 
by the manufacturer animated purely by the desire 
of pecuniary profit. 

The history of nearly every important improvement 
in the development of the art of hoisting and convey- 
ing shows that the engineer freely laid his plans and 
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ideas before the prospective user, both being masters 
in their own particular field. Im order to develop 


what is required by the producer, complete co- 
operation between the two is of the utmost impor- 
tance. 


Your Committee recommends to all the departments 
of the United States Government that in asking for 
proposals, they insert in the invitation that the draw- 
ings and blueprints, and all data of a confidential 
nature shall be retained in confidence and returned to 
unsuccessful bidders. 

Respectfully submitted, 
R. B. SHeripan, Chmn. | 
C. K. BaLpwIn 
ALEx. C. Brown 
O. G. DALe 
P. J. FIcKinGer 
F. E. Huverr | 
SPENCER MILLER 
A. L. Roperts 
HARRY SAWYER 
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DISCUSSION 
SPENCER MILLER in presenting the report for criticism 
asked if it were too voluminous; should it be further eon- 


densed? Should it be elaborated? Should it be illustrated? 
He said the committee desired to be of real service. 


WILLIAM KENT said he desired to see the report extended 
and illustrated, and that the committee should take one 
year or two vears, if necessary, to do it. The monorail con- 
veyor should be considered and facts regarding it incor- 
porated in the report: what were the limitations of the 
monorail conveyor, where it should be used, and what were 
the economical loads. Illustrations showing actual instal- 
lations should be given, with sizes of bearings, troubles from 
lubrication, friction, ete. Sketches of the various kinds of 
monorail conveyors should be shown with the defects of 
each. This applied to the belt conveyor also. 

The committee should then take up the problems yet to 
be solved in conveying, such as getting packages out of the 
hold of a steamer and putting them into a warehouse in 
West Street, or the Bush Terminal, or some other place. 
That whole problem was now being handled in the most 
erude manner, and if the committee would take up the 
matter, they would perform a great service for commerce 
and engineering. 


D. M. Myers was pleased to see the reference in the re- 
port to the matter of uniform boiler inspection, and hoped 
that everything possible would be done by the Society to 
forward safety in boiler manufacture and inspection. 


SPENCER MILLER was obliged for Mr. Kent’s suggestions 
as to the field in which the committee could do further work, 
and said it would go as far as it could. 
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BUSINESS TRAINING 
BUSINESS TRAINING FOR THE 
ENGINEER 


or Appress By Dr. ALex. C. Humpureys 
AT THE Meetinc, Fesruary 9, 1914 


A meeting of the members of the Society in Phila- 
delphia in cooperation with the American Institute of 
Electrical Engineers was held on the evening of Feb- 
ruary 9, at which there were addresses and a general 
discussion on the subject of Business Training for the 
Engineer. The principal paper of the evening was by 
Dr. Alex. C. Humphreys, Past-President of the So- 
ciety. Dr. Humphreys said that this country is fae- 
ing many problems which must be solved wisely if our 
government as a government of the people, for the peo- 
ple and by the people, is to persist. A large majority 
of these problems have to do with public utilities and 
the industries in general where expert advice is re- 
quired. They would not now be so threatening if the 
members of our profession had better appreciated their 
responsibility in connection with them and had been 
diligent to equip themselves to meet this responsibil- 
itv. So many engineers have failed to realize this 
situation or have been disinclined to consider the busi- 
ness features of engineering, or even to familiarize 
themselves with the principles of accountancy and 
business administration, that it is difficult to educate 
our legislators and laymen in general as to the legiti- 
mate claims of investors whom engineers are called 
upon to represent. No doubt it is also in part due to 
these causes that so few engineers are appointed on 
publie service commissions, a service for which the 
broadly trained engineer is peculiarly qualified. 

Dr. Humphreys asserted that he had had to meet 
many objections to his plans to give to engineering stu- 
dents instructions in the fundamentals of business 
practice. During his presidency of Stevens Institute 
of Technology he had developed a course in business 
methods in which the student had to take up not only 
the business features of engineering practice as a 
theory of study, but before they could graduate they 
had to pass an adequate examination in the elements 
of accountancy, depreciation, the accountancy of de- 
preciation, analysis of data, investigations, estimates, 
contracts and appraisals; but they also had special 
lectures on the law of contracts, patent law, employers’ 
liability and workmen’s compensation, shop cost, the 
elements of banking and the like. While no such 
course could give the engineer anything like a complete 
equipment on the business side of engineering, this 
could also be said as to the curriculum in its every 
feature. The engineer student must study in the 
school of experience and unless he did he must remain 
as a humble follower in the ranks of his profession. 


This meeting was briefly reported in The Journal for March. The complete 
report may be consulted in the rooms of the Society, 29 West 39th Street, 
New York. 
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Dr. Humphreys further said in part: We are all pre- 
pared to admit that an engineer should be qualified to 
make a correct and fully inclusive estimate of cost of 
construction and installation; and most of us will 
admit that he should also be qualified to estimate the 
results in dollars and cents to be reasonably expected 
from his work as a designer and constructor. 

How can an engineer best check up his estimates as 
to construction and operation? By comparing the 
established facts with his estimates. Can he do this if 
he is not qualified to take full account of business con- 
ditions in his estimates? And can he do this if he is 
not qualified to analyze correctly the statements as 
compiled from the statistical books and the books of 
account? My answer is that he cannot make such com- 
parisons correctly and completely, for two reasons: 

a he is likely to omit from the comparisons items of 
cost for which he assumes he is not wholly or in 
part responsible 

b he is not sufficiently familiar with the language of 
accountancy to be sure of the value of the com- 
parisons made by others for him. 

The best means at the command of the engineer to 
qualify himself further for the making of correct and 
completely inclusive estimates is the comparison be- 
tween his estimates and the actual results obtained. 
Ordinarily the engineer makes such comparisons, but 
the question is, Are they made completely unless the 
business features of the enterprise are fully included? 

In order to meet the requirements which are daily 
becoming more pressing, the engineer of today must 
not only be able to obtain good results in construction 
and operation, but to record those results so that the 
records are self-explanatory to the man competent to 
analyze them. This is the test under which many an 
It can hardly be 
denied that the man who does so record, analyze and 
compare his results is seldom an extravagant construc- 
tor or operator. If the engineer is to record his final 
results accurately and completely, so that those results 
can be understood by others to whom he may be respon- 
sible, there is only one language which is universal, 
and that is the language of accountancy. 

As to the value of accountancy to an engineer, let 
us suppose that he is called upon to examine into tie 
value of a manufacturing property, and that there are 
presented to him a ledger trial balance, a profit and 
loss statement, and a statement of assets and liabilities. 
It goes without saying that if he is to make an authori- 
tative report he must understand how these statements 
are produced and how they are related to each other; 
and this he cannot do without a knowledge at least of 
the principles of accountancy. It may be replied that 
in this work the engineer can be associated with an ac- 
countant, or that his responsibility is confined to the 
strictly engineering side of the proposition. Then the 
accountant must have a sufficient knowledge of the 
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practical or engineering side of the business to ensure 
that the report as a whole shall be conclusive. This 
puts the engineer in the subordinate position, a posi- 
tion to which he too frequently seems willing to sub- 
mit. The fact is that many such reports fail to codr- 
dinate because there is no such combined knowledge on 
the part of either the engineer or the accountant. 

A knowledge of accountancy is particularly conveni- 
ent in one direction, if not actually necessary, namely, 
in differentiating between repairs or renewals and ex- 
tensions or improvements. If under the heading of 
repairs or renewals, extensions or improvements are 
charged too liberally to operation, the capital accounts 
may be unduly written down. On the other hand, if 
repairs and renewals are charged to extensions, the 
statement of profits is misleading and the capital ac- 
counts are unwarrantably expanded. The ability so to 
discriminate is a necessary qualification in the engi- 
neer-manager. 

This brings me to the question of valuation of prop- 
erties, which is becoming such a burning question to- 
day. Probably no one element in this subject of valua- 
tion is as important or as difficult as that of so-called 
depreciation. The engineer may consider that he can 
have a sufficient understanding of the subject of depre- 
ciation without a knowledge of the principles of ac- 
countancy, but I am confident that no man can be in a 
position to meet effectively the arguments of others in 
regard to depreciation, estimated and actual, unless he 
has a knowledge of the principles of accountancy. If 
I may judge by my experiences, it seems to be almost 
impossible for the man without this knowledge to ap- 
preciate that there is a sharp distinction always to be 
drawn between estimated depreciation and actual de- 
preciation. 

It is a fact to be deplored that not a few engineers 
have helped to create the confusion that now exists 
with regard to the difference between estimated and 
actual depreciation. Recently, in discussing a paper 
on this subject, presented before the American Society 
of Civil Engineers, | expressed regret that the term 
‘** depreciation ’’ had ever been employed in this con- 
nection, and I suggested that if we would cultivate the 
use of the term “‘ final renewals ’’ instead, we should 
be less perplexed. Undoubtedly depreciation to ac- 
crue, namely, the cost of final renewal of plant or part 
of plant in consequence of physical decay, obsolescence, 
or inadequacy, should be covered by estimate as far as 
possible, so that the burden of the loss can be more 
evenly spread over the years of service of the plant to 
be renewed. In any ease the cost will fall on the busi- 
ness, but to enable us to determine year by year what 
are our actual profits as differentiated from the profits 
which are apparent on the surface, we must take into 
account all accruing gains, and especially accruing 
losses. Otherwise we may pay out as profit that which 
has not been earned, and we may permit to accumulate 
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a financial burden which we may be unable to carry 
when the day arrives for the final renewal of the plant 
or part of plant. 

But in a rate-making case this does not necessarily 
involve the proposition that the plant as a producing 
agent is reduced in value to the extent of the final re- 
newal reserve, nor does it, in my opinion, furnish the 
slightest warrant for adding the amount of this reserve 
in valuing the property as a going concern. The ques- 
tion of deduction from appraisal of cost new of plant 
in a rate-making case must not be confounded with the 
Same question in valuing a property in connection with 
change of ownership. In a rate-making case the liabil- 
ity for final renewals remains with the present owner. 
If the valuation is made for purchase and sale, that is, 
in connection with change of ownership, the seller 
should make allowance to the buyer for the liability 
the latter assumes for the cost of final renewal; but 
even this is not necessarily the amount shown in the 
final renewal reserve. In fact it would be remarkable 
if there were such an agreement in the case of a well 
managed business, for as prudent operators, we should 
be on the safe side in estimating all of our certain, 
probable, and possible, accruing losses; and this can 
only be done with respect to final renewals of plant by 
making certain assumptions as to length of service, 
character of maintenance, chances of obsolescence and 
inadequacy, and methe ds of accounting to be followed. 

The foregoing relate. .o what is sometimes known as 
‘* estimated depreciation,’’ namely, the accruing loss 
for the final renewal of plant in addition to the current 
losses for maintenance; now as to ** 
tions *’: 

If, at any given time, it becomes necessary to value 
the plant itself, we have the plant before us; we are 
informed as to present demands made upon us by the 
business. We are able, therefore, to determine whether 
the plant is adequate or inadequate as to capacity, and 
are able to determine its condition as to obsolescence. 
Why then, in trying to determine the present actual 
condition of the plant, with the plant and business ree- 
ords before us, should we depend upon an estimate 
made perhaps years before (or some previous year) 
as to what would be the condition of the plant in years 
to come? The actual facts can be determined only by 
an adequate examination of the plant by those compe- 
tent as constructors, as operators, and as adminis- 
trators. 

Coming back to the question of accruing deprecia- 
tion, or reserve for final renewals, there would be no 
necessity to make any estimate thereon if we were con- 
vinced that the plant year by year is having spent 
upon it, not only for repairs and current renewals but 
for final renewals, an amount which keeps the plant up 
to its full original value; that is, if the asset value is 
being maintained as a whole. For instance, suppose 
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life of ten years, and it is also found that, taking in 
the main line and all subordinate lines, about one-tenth 
of the ties are replaced each year; then there is no need 
to charge up anything for accruing depreciation on the 
ties as a whole because the average final loss is cur- 
rently being met. 

This gives an opportunity to point out a serious 
error in rate-making cases, as made even by engineers 
of reputation, in confounding accruing depreciation as 
estimated in connection with loss and gain account, 
and actual depreciation in connection with a valua- 
tion. In the case of the railroad ties referred to, cer- 
tain engineers of repute have claimed that in this case 
the ties in service would have a remaining average life 
of only five vears and therefore 50 per cent should be 
deducted from the cost new to cover depreciation. This 
spells confiscation as far as that part of the plant is 
concerned ; and in this case I hold that if such a claim 
is allowed we should be permitted to introduce in the 
estimate of cost new a like amount as an overhead 
charge, for the reason that this 50 per cent is thus de- 
clared to be a necessary loss in connection with the 
construction and maintenance of the plant. 

This leads to a very brief consideration of so-called 
overhead charges, items wholly or in part which too 
often the engineer fails to imelude in his estimates. By 
some the items of omissions and contingencies are con- 
sidered as overhead charges. | consider them items of 
construction, for while we may + | be able to estimate 
these items of cost accurately, we may be sure that 
there will be items of cost under these two headings. 
There never was constructed a plant of any size, 
which, when it was finished, did not contain parts 
which were not included in the original estimate. Fur 
thermore, we must be prepared for contingencies in 
connection with almost any construction of magnitude. 
And yet there are so-called experts who claim that in 
valuing a plant as it exists, if we make an inventory 
and put against each item in that inventory the cost 
of reproduction, the cost as a whole is covered. No 
man who has had experience as a constructor and who 
will look back upon and analyze his experiences can 
honestly endorse such a claim. To commence with, no 
such inventory is ever absolutely complete. But sup- 
pose it to be complete as far as possible, no such in- 
ventory would ever include all the items which have 
necessarily gone into and have been covered up in the 
construction of the plant. 

There are other items which must be included in the 
final cost, call them overhead charges or by any other 
general title. These may be summarized briefly as fol- 
lows: Preliminary expenses and surveys, interest and 
taxes during construction, engineering and inspection 
(strangely enough, an item not infrequently omitted 
by the engineer), business organization during con- 
struction, fire and casualty insurance, cost of develop- 
ment, cost of financing. 


NECROLOGY 
EDWIN M. CORYELL 


Edwin M. Coryell was born in Brooklyn, N. Y., 
September 25, Is47, and was edueated in the publie 
schools there. After three years as apprentice and 
draftsman, in 1869 he started out for himself as me- 
chanical engineer, patent attorney and draftsman in 
New Haven, Conn. Two years later he secured em- 
ployment at the Bessemer Steel Works, Troy, N. Y., 
Where he came under the personal direction of 
Alexander L. Holley and was fellow draftsman with 
Allen Sterling. Ue served as draftsman at the Provi- 
dence Steam Engine Works as well as on the Brooklyn 
Bridge, and from 15875 to 1879 was draftsman with the 
New York Gas Light Company. For the last 34 years 
Mr. Coryell had been connected with the A. S. 
Cameron Steam Pump Works, first as draftsman, then 
as Salesman, assistant superintendent, superintendent 
and finally as consulting engineer. During that time 
he invented more than 200 patented devices for pumps 
and other machinery. He died suddenly on March 
23, 1914. 


WALTER LAIDLAW 


Walter Laidlaw was born in Scotland in 1849. In 
lis youth he served an apprenticeship of four and one- 
half years as machinist with James Sheil, maker of 
machinery for the manufacture of Seotch-Tweed en- 
gines, water wheels, shafting and gearing. This course 
was supplemented by one and one-half years service as 
an ** imperial erector ’* with Caird & Company, ship- 
builders and engineers, Greenoch, Seotland, in which 
position he was engaged in the erection of first-class 
ocean steamships. He next entered the engineering 
department of Trinity House, a body which has official 
charge of the lighthouses of Great Britain. He served 
as engineer and chief engineer for ten years and 
worked in this most interesting period of lighthouse 
development shoulder to shoulder, first with Prof. 
Michael Faraday, who was scientific advisor to Trinity 
Hlouse, and later with his successor, Professor Tyn- 
dall; he also enjoyed the acquaintance and at times 
cooperation of Lord Kelvin in some of these develop- 
ments. While in this service he drew the specifica- 
tions and purchased the first direct-acting generator 
ever used for lighting, which he installed and for a 
while operated in the lighthouse at Lizard Point, where 
it is still in satisfactory operation as an auxiliary. 
Mr. Laidlaw came to this country in May 1881, and 
entered the employment of the Lane & Bodley Com- 
pany of Cincinnati. After two years with this 
company, he aecepted a position as constructing en- 
gineer with the Procter & Gamble Company of Cin- 
cinnati, to design and construct the extensive new 
factories which they were then preparing to build at 
ivorydale, near Cincinnati. Mr. Laidlaw remained 
in charge of this work until 1887, and had the satis- 
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faction of bringing to completion one of the most com- 
plete manufacturing plants in this country. 

In 1887, with the completion of the Lvorydale plant, 
Mr. Laidlaw assisted in organizing the Laidlaw & 
Dunn Company, afterwards the Laidlaw-Dunn-Gordon 
Company of Cincinnati, manufacturers of steam pump- 
ing and hydraulic machinery. With the formation of 
the International Steam Pump Company in 1899, Mr. 
Laidlaw was continued as manager of the Cincinnati 
plant. In 1908 he became general manager of the 
Snow Steam Pump Works at Buffalo, N. Y., and in 
1909 a member of the executive committee of the Inter- 
iiational Steam Pump Company, making his head- 
quarters at the head office, New York City. Shortly 
afterwards, he became secretary, and later director, of 
the International Steam Pump Company, and _ vice- 
president of the Laidlaw-Dunn-Gordon Company, 
positions he retained until the time of his death, March 
25, 1914. 

During the latter part of his hfe Mr. Laidlaw 
realized the full development of his engineering 
abilities, and became greatly interested in the technical 
education and advancement of young men. It was 
largely through his efforts that the Ohio Mechanics 
Institute was placed upon a solid basis and began its 
successful expansion. He served at one time as presi- 
dent of the institute and recently stated that one of 
the most pleasant memories of his life was his privilege, 
in that capacity, of awarding the diplomas to the 
young graduates in whom he had taken so much inter- 
est, and seeing them started upon their life work. 

Mr. Laidlaw was Manager of the Society from 1905 
to 1908, and was a member of the Engineers Club of 
Cincinnati, Engineers Club of New York, Manufac- 
turers Club of Cincinnati, Cincinnati Chamber of 
Commerce, and of the Board of Managers of the So- 
ciety for the Promotion of Industrial Education. He 
was a man of widely varied interests and activities, 
but bringing to all of them a degree of calm and far- 
seeing judgment, tolerance and a breadth of ideas 
which will be as much missed among his associates, as 
his characteristics of high personal integrity and in- 
variable kindliness and helpfulness of disposition. 


ALFRED NOBLE 

There passed away on April 19, 1914, in New York 
City, Alfred Noble, an esteemed member of our coun- 
cil and a man whose loss will be deeply felt and de- 
plored not only by the engineering profession of 
which he was one of the most distinguished members, 
but by everyone who had the good fortune to know 
him. 

He had a very interesting career, and the story of 
his life, if adequately written, would be typical of that 
of many of the great men and builders of this nation. 

He was born August 7, 1844, at Livonia, Wayne 
County, Michigan, where his parents resided on a 
farm. His early education was received in the district 


school of his native place, and during his spare time 
he worked on the farm. 

In 1862, when only 18 years of age, he enlisted in 
the Civil War in the 26th Michigan Volunteer Infan- 
try. From that time until 1865 he served in the Army 
of the Potomac, taking part in all of the hard and des- 
perately fought battles which that army engaged in 
against Lee and Stonewall Jackson. At Gettysburg 
his regiment lost a very large percentage of its num- 
bers. At Chancellorsville, it was by the merest acei- 
dent that his brigade was not captured by Stonewall 
Jackson’s men, but he was lucky in serving through 
the war without being wounded, and was mustered 
out of the service in June 1865 with the rank of ser- 
geant. He then prepared to enter the University of 
Michigan, and in 1867 became a sophomore, graduat- 
ing in 1870, with the degree of C. E. He received the 
degree of LL.D. from his alma mater in 1895, also from 
the University of Wisconsin in 1904. 

From 1868 to 1870 he was assistant engineer on river 
and harbor work on the Great Lakes. From 1870 to 
1872 he was in charge of improvements on St. Mary’s 
Falls Canal and St. Mary’s River. During this time the 
first great masonry lock at the Soult, then by far the 
largest canal lock in the world, was built. On comple- 
tion of this work he became resident engineer on the 
construction of an important bridge at Shreveport, 
La., over the Red River. 

From 1883 to 1886 he was general assistant engi- 
neer on the Northern Pacific Railroad, and from 1886 
to 1887 resident engineer on the construction of the 
Washington Bridge over the Harlem River, at that 
time the largest arch bridge in existence. 

From 1887 to 1894 he was resident engineer on the 
construction of several very large and important 
bridges over the Mississippi at Memphis and Alton, 
over the Missouri at Bellefontaine and Leavenworth, 
over the Ohio at Cairo. 

He was appointed a member of the Nicaragua Ca- 
nal Board by President Cleveland in 1895. This board 
visited Central America and examined the route of the 
Nicaragua Canal and also the Panama Canal and then 
returned to the United States, completing its work 
November 1, 1895. 

In June 1899 he was appointed by Pres dent Me- 
Kinley a member of the Isthmian Canal Commission 
which was charged with the selection of the best canal 
route across the American isthmus, and it has been 
substantially on the route selected by this commission 
that the Panama Canal has been constructed. While 
on this commission, Mr. Noble with his colleagues vis- 
ited Europe to examine the existing canals there, 
and the data which the French Canal Company had 
in Paris, and also made several trips to Central Amer- 
ica to examine more fully the various canal routes. 

In 1905 he was appointed by President Roosevelt a 
member of the International Board of Engineers to 
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recommend whether the Panama Canal should be con- 
structed as a sea level or a lock canal. This board con- 
sisted of thirteen members, of whom five were nom- 
inated by foreign governors. Mr. Noble was one of 
the minority of five Americans who recommended the 
adoption of the lock plan. Their views were adopted 
by the Government and the canal has been built in 
accordance with their recommendations. In Mareh 
1907 he was one of the three appointed by President 
Roosevelt to visit the Panama Canal to investigate the 
conditions regarding the foundations of some of the 
principal structures. 
few weeks. 


This duty was completed in a 
He was obliged to decline a similar ap- 
pointment two years later. 

rom the very inception of the plan by this country 
to build an Isthmian Canal, and from the commence- 
ment of the preliminary investigations and surveys, to 
the adoption of the final plan and the beginning of 
the actual construction of the Panama Canal, Mr. 
Noble was continuously identified with the project and 
deserves as much credit for the solution of the engi- 
neering problems as any other one who has been con- 
nected with this great work. 

In July 1897, he was appointed by President Me- 
Kinley, a member of the United States Board of En- 
gineers on Deep Water Ways, which made surveys and 
estimates of cost for a ship canal from the Great Lakes 
to deep water in the Hudson River. 

In November 1901, the city authorities of Galveston, 
Texas, appointed Alfred Noble along with Henry C. 
Ripley and General Robert, as a board of engineers 
to devise a plan for protecting the city and suburbs 
from future inundation. They recommended the 
building of a solid concrete wall over three miles long 
and seventeen feet in height above mean low water, 
the raising of the city grade, and the making of an 
embankment adjacent to the wall; the whole to cost 
about three and a half million dollars, which plan has 
since been carried into effect. 

From 1902 to 1909 Mr. Noble was chief engineer of 
the East River Division of the New York extension of 
the Pennsylvania Railroad, and was in entire charge 
of this most difficult piece of work, involving as it did, 
a very accurate survey across Manhattan, and the con- 
struction of the foundations of the Pennsylvania Sta- 
tion, of the land tunnels, and of the East River tunnels 
which were very troublesome. 

Since 1909 he has been engaged in general practice 
as a consulting engineer, the firm name being Noble 
and Woodard. Probably the most important work 
dealt with was in relation to the dry docks built for 
the United States Government near Honolulu. He 
was also for a time consulting engineer to the Quebee 
Bridge Board, also consulting engineer for the Board 
of Water Supply, New York City, and for the Public 
Service Commission of the First District of the State 
of New York. 


He was a past-president of the Western Society of 
Engineers, the American Society of Civil Engineers, 
and the American Institute of Consulting Engineers. 
He was elected to the Council of this Society in 1912 
and had served several years on the Library Com- 
mittee. 

In 1910 he was awarded the John Fritz Medal for 
notable achievements as a civil engineer, and in the 
same year was elected an honorary member of the In- 
stitution of Civil Engineers of Great Britain, a dis- 
tinction which no other American has had. In 1912 
he received the Elliott-Cresson Medal of the Franklin 
Institute in recognition of his distinguished achieve- 
ments in the field of civil engineering. 

Mr. Noble was deeply interested in anything effect- 
ing the status of the engineering profession. His un- 
failing good humor, his kindliness and sweetness of dis- 
position, his sound common sense and good judgment, 
his youthful mentality, his quick and very sure per- 
ception, and his modesty, invariably impressed his col- 
leagues with whom he worked on many committees, and 
commissions in which he was so active. 

He possessed a combination of strength, gentleness, 
tact and discernment rarely met with. He was uni- 
versally respected by all who had any business dealings 
with him. The plain workman, the man with the pick 
and shovel, the contractor under him, the highly 
trained technical engineer, or the president of a great 
corporation, all appreciated the nobility, simplicity, 
and rugged honesty of his character. His personality 
was such as to evoke the faithful and enthusiastic loy- 
alty of his subordinates, and the deep, strong, and last- 
ing affection of all those who were honored with his 
friendship. 

At the funeral services on the evening of April 21, 
the Society was represented by Jesse M. Smith, Past- 
President and member of the Council ; Leonard Waldo, 
Chairman, and E. G. Spilsbury of the Library Com- 
mittee, Charles Whiting Baker, Rudolph Hering, J. 


Waldo Smith, C. M. Wales, W. L. Saunders, and 
Calvin W. Rice, Secretary. E. W. S. 
EDWARD PUCHTA 
Edward Puechta was born October 15, 1870, in 


Washington, Mo., and received his education in the 
publie schools and at Washington University, from 
which he was graduated with the degree of M.E. in 
1892. In 1894 he entered the service of the Western 
Electric Company in Chicago as draftsman. From 
1897 to 1899 he was employed by the Diesel Motor 
Company of America, as assistant engineer, under the 
supervision of Col. E. D. Meier, spending the first four 
months of his time abroad supervising the construction 
of engines being made for them in Germany. 

In 1899 he returned to the Western Electric Com- 
pany as chief draftsman, becoming in 1901 assistant 
superintendent of the Chicago shops. He held this 


nt: 
4 


204 MEETINGS 


position until 1913, when he was appointed assistant 
superintendent in charge of the employment and wel- 
fare work for the Hawthorne works of that company, 
continuing in this work until the time of his death 
on February 25, 1914. 


MEETINGS 


CINCINNATL MEETING, APRIL 14 

The members of the Cincinnati Section were the guests 
of the University of Cincinnati Student Branch on the even- 
ing of April 14, in the auditorium of the University. K. C. 
Grant gave an illustrated lecture on the Flood Prevention 
Work in the Great Miami Valley, a subject of considerable 
local interest. The flood of March 1913 caused great loss ot 
life and property, and the dam and reservoir systems now 
under consideration for the prevention of future floods were 
explained in detail to an interested audience. 


BOSTON MEETING, APRIL 8 


At the meeting held in the Assembly Hall of the Engi- 
neers Club, Boston, April 8, W. O. Hildreth of the Lamson 
Company gave an illustrated paper on Selective Types of 
These are conveyors adapted for delivering 
packages or other materials from a central station, or from 
intermediate stations, to various other stations as selected 
by the sender at the time the goods are despatched. This 
paper and illustrations showed the practice in department 


Conveyors. 


stores, postoflices and industrial plants. 

F. B. Williams of the same company presented a paper 
on Pneumatic Conveyors and illustrated particularly the 
tube systems for transporting mail, for long distances un- 
The government specification requires a speed 
He also showed nu- 


derground. 
of 30 miles per hour for this service. 
merous illustrations showing the cash systems in department 
stores. 

S. L. Haines of the Link-Belt Company showed some slides 
illustrating the latest developments in the line, especially 
belt conveyors in use for handling large quantities of maga- 
zines and weeklies. He also showed several types of link-belt 
elevators for packages. 

The meeting was well attended; a general discussion ot 
the papers followed their presentation. 


MEETINGS IN BUFFALO 

Hl. M. Wilson, engineer in charge of the U. S. Bureau of 
Mines Experimental Station, gave an address at the meet- 
ing of the engineers of Buffalo, N. Y., on Mareh 26, 1914, 
at which about 100 were present. Mr. Wilson chose as his 
subject, Mine Safety and Mine Rescue Work, and gave many 
The 
lecture was illustrated by lantern slides and moving pictures. 

On April 10, Prot. L. P. Breckenridge of Yale University 
lectured before the engineers on Industrial Germany. giving 
The 
workman of Germany, he said, is industrious, thrifty, pa- 


interesting tacts regarding dust and gas explosions. 


the impressions gained by him on his several visits. 
tient, thorough, contented. In the last ten years no eountry 
has grown so fast industrially, and America is being forced 
more and more to meet German competition. Trade sehools 
are widespread so that labor is trained. The German is apt 
to lack organization and direction in his industrial efforts, 
lrowever, and for this reason more than 150 American man 
agers have been taken to Germany to direct the industries. 


MILWAUKEE MEETING, FEBRUARY 3 
At a meeting of the Society in Milwaukee on February 3, 
Perey C. Day gave a talk on Wuest Herringbone Gears, giv- 
ing an abstract of his paper on the same subject published 
in the Transactions, Volume 33. Lantern slides were used 
to illustrate his remarks. 


NEW YORK, APRIL 14 

At the monthly meeting of the Society in New York tor 
April, Willard C. Brinton delivered an address on the sub- 
ject of Graphic Statistics for the Engineer and the Exeeu- 
tive. In his talk, which was illustrated with lantern slides, 
he described some of the graphie methods not generally used 
by engineers, but which could be of very great assistance to 
men who must frequently condense and abstract information 
and write reports. He showed that some of the compara 
tive methods and graphical records now in use by the biole 
gist and statistician could be quite generally applied to the 
Most of 
the speaker’s talk was a discussion of methods for keeping 


work of the engineer if more widely understood. 


corporation operating records in convenient form for in- 
stantaneous reference by executive oflicers. 
the subject attracted a great deal of interest and some in- 
teresting discussion followed. 


This phase of 
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SYMPOSIUM ON WELDING AT BOSTON 


T the March mecting of the Socicty at Boston a symposium was held on Welding topics, the four 
papers presented representing the processes of welding most generally used in industrial work, 
namely: welding with oil fuel, ory-acetylene welding, thermit welding and clectric welding. Tir 
speakers were as follows: W.N. Best, oil furnace specialist, of New York; Henry Cave, president of 
the Cave Welding Company, Springficld, Mass.; W. R. Hulbert, sales manager, Goldschmidt Thermit 
Company, New York; and W. A. Hodges, treasurer, Thomson Electric Welding Company, Lynn, 
Mass. The papers presented appear in abstract form below: 


THE WELDING OF METALS WITH 
LIQUID FUEL 


By W. N. Best, New York 
Member of the Society 


The oil burner should be able to thoroughly atomize 
any gravity of liquid fuel procurable in the open mar- 
ket, such as crude oil, fuel oil or tar. It is now well 
known that very heavy low gravity crude oil must 
be used, for this is the cheapest fuel, because it con- 
tains so little gasolene or other volatile matter that 
it does not pay to refine it. This oil at present is pro- 
cured largely from Mexico, where the supply appears 
to be practically unlimited, but when the Panama 
Canal is completed, a great deal of heavy California 
crude oil of from 14 to 16 gravity Baumé will be de- 
livered to the manufacturing interests along the At- 
lantic coast. While it is necessary to heat heavy oil 
to reduce its viscosity, this is a very simple matter. 

The burner should be of such construction that it 
will not carbonize, and it should distribute a volume of 
flame and heat evenly throughout the entire charging 
space of the furnace without the use of brick or spatter 
walls. One of the secrets of success lies in having the 
furnace construction in every detail adapted to the 
work. In other words, to heat 8 in. or 9 in. of metal 
when a 3-in. heat is ample is very poor shop practice, 
for it means a loss of both time and fuel. Other vital 
points which must be considered are: the furnace con- 
struction should be such that the heat is evenly distrib- 
uted and under the control of the operator at all times; 
the temperature of the metal should be uniform 
throughout the length and width of the sections to be 
welded; furthermore, the nature of the metal should 
not be changed while being welded, and the oxidization 
of the metal should be reduced to the minimum. 

In welding safe ends on locomotive boiler flues, the 
usual practice when using soft coal as fuel, is to have 
one blacksmith and two helpers, it being the duty of 
one helper to bring the flue from the pile to the smith 
who heats it and of the second helper to rush it to the 
flue welding machine where it is welded. The average 
time required for thus safe-ending flues is 16 flues per 
hour, for the fire must be coked before a weld can be 


made, which means not only a loss of time, but also an 
irreparable loss in fuel for it requires both time and 
heat to liberate the gases from the coal. Modern prae- 
tice is now to use an oil fired furnace of special design 
such as shown in Fig. 1, which insures a very short 
heat, approximately only 214 in. long, and the heating 
of three flues at once. This furnace has a combustion 
chamber in which the atomized fuel unites with the 
air necessary for perfect combustion, which prevents 
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oxidization of the metal while being heated, and as no 
sand or borax is required, 60 flues are welded per hour 
with exactly the same number of men as are used while 
welding 16 flues with a coal fire. The average welding 
machine is fully adequate to keep pace with such an 
oil fired furnace. Imperfect welds with this scientific 
method of operation are so few that it does not pay to 
give a water test to each flue, but when using coal as 
fuel this must always be done, for often the exterior of 
the weld will look perfect but it will be found to leak 
badly, because the sulphur in the coal corrodes the 
metal. 

In welding scrap iron, a quantity of serap is ordi- 
narily piled upon a board, wired thereto and charged 
into a furnace such as is shown in Fig. 2. After being 
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206 WELDING WITH 
heated in the usual manner, it is either hammered to 
size or rolled into billets in a breakdown mill. The use 
of oil as fuel for this class of work has the advantages 
that, first, a more even heat can be attained and main- 
tained in the furnace than with any other fuel; second, 
the temperature of the heat or charge is uniform 
throughout; third, if a cobble gets on the roll of the 
breakdown mill which it will take some minutes to re- 
move and to readjust the guide, simply by increasing 
the amount of oil flowing to the burner, the gases in 
the furnace can be changed from a dioxide to a monox- 


LIQUID FUEL, 


HR. BEST 

into blooms say 5 in. by 20 in. by 5 ft. and ordinarily 
three blooms are used to forge an axle. Usually as 
many piles of blooms are charged into the furnace as 
there are doors. The piles are heated much more 
quickly with oil than with coal. It is a well-known fact 
that car or locomotive axles must be free from any de- 
fects such as seams or other flaws caused by imperfect 
welds, and as the use of oil as fuel means a 30 per cent 
reduction in the number of imperfect axles, it is of 
great benefit to both the employer and employee for it 
saves not only time and money but prevents wrecks. 
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Fig. 2 An 8 Fr. By 24 Fr. Furnace, as usep anp LarGce BLacksMITH SHops FoR HeatinG ScRAP, FITTED FOR 
O-FrRiInG 


ide which instantly stops the waste of metal, and then 
after the cobble has been removed, the charge can be 
made ready to draw in a moment’s time by reducing 
the oil supply which again instantly changes the fur- 
nace gases back to carbon dioxide (CO,); fourth, a 
greater output can be obtained from this type of fur- 
nace with oil than with any other fuel upon the mar- 
ket because the operator has the fire at all times under 
perfect control. In the majority of furnaces for this 
class of work the waste gases, in the same way as when 
burning coal, are passed through a boiler which is used 
for the generation of steam. 

Flange welding, such as the welding of flanges upon 
pipe, requires both skill and experience, and while oil 
is the ideal fuel as the heat can be evenly distributed 
without turning the pipe, the furnace construction is 
of vital importance. The furnace should be cylindrical 
in form, with a combustion chamber and burner so 
placed that the flame will enter the furnace tangen- 
tially, thus causing the flame and heat to encircle the 
flange and pipe (Fig. 3). The vents, through which 
the consumed and inert gases pass out of the furnace, 
must be so placed that they will not check the velocity 
of heat nor prevent the flange and pipe from being 
heated evenly in their cireumference. This same fur- 
nace can also be used for ‘‘ vanstoning ’’ the ends of 
various sizes of pipe. 

For forging purposes, oil is an excellent fuel, espe- 


cially for large axles or shafts from scrap iron piles. . 


The latter, after being heated, are hammered down 
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Fig. 3 A Pipe FurNaAcE USED FOR WELDING FLANGES 
ON Pipe, OpeRATED witH ONE O1L BuRNER 


As before stated each class of work requires special 
oil equipment adapted to the size and kind of metal to 
be welded. For example, in welding wrought iron or 
soft steel to say 60 carbon steel, the construction of 
the furnace, as shown in Fig. 4, must be such that the 
flame will be delivered to the underside of the charge, 
thus deflecting the flame or abrasive heat upon the 
wrought iron rather than upon the carbon steel for the 
former requires the higher temperature. Of course in 
this case borax is used in making the weld and there 
should be a preheating chamber constructed in the fur- 
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WELDING WITH LIQUID FUEL, W. N. BEST 


nace so that the iron will be heated to 800 or 1000 deg. 
fahr. before the 60 carbon steel is laid thereon. 

In the round house welding of broken locomotive 
frames (Figs. 5 and 6), the drivers are dropped in the 
usual manner, the break searfed and an insert or 
‘** Dutebman ”’ driven therein, after which a tempo- 
rary furnace is constructed around the frame and 
portable furnace then used to bring the frame up to 
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hic. 5 Preparing Broken Locomotive Frame ror WELDING, 
SHOWING INSERT AT A 
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Temporary FurRNAcCE IN PLace AND PoRTABLE 
WrovuGut Iron aNnp Sort Street to 60 Carson STEEL 
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welding heat. The blacksmith’s work of welding the wire or iron to be rolled, some being as small as 6 in. 
insert into the break can then be completed in a very sq. by 3 ft. long, while others are 12 in. sq. and 4 ft. 
few minutes. The time required for bringing the long. The billets are charged at one end and when 
frame up to the welding temperature is approximate- sufficiently heated, by means of hydraulic rams placed 
ly 40 minutes, and the quantity of oil varies from 24, in the charging end of the furnace. are dropped from 
gal. to 21, gal. the burner end of the furnace on to conveyors at the 

The continuous type of billet heating furnace, shown will of the operator. Having a furnace of this type 
in Fig. 7, is often used in wire mills. They are about insures the billets being heated gradually at a mini- 
10 ft. in width and 70 ft. in length. Usually two rows mum cost of fuel. Only one burner is used on this fur- 
of billets are charged in the furnace and of course the nace and the temperature is readily controlled by the 
size of the billets varies according to the size of the operator. 
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THE OXY-ACETYLENE PROCESS OF 
WELDING 


By Henry Cave,’ Sprincrietp, Mass. 


Non-Member 


Autogenous welding is a general term given to weld- 
ing when metal fuses. In the ordinary blacksmith’s 
weld the metal does not fuse; it becomes plastic and is 
hammered together, but unless hammered no weld 
would be produced. 

Autogenous welding is carried out in several differ- 
ent ways, but as here referred to is by means of acety- 
lene burned with oxygen. The use of oxygen with 
other combustible gases consisting of an oil gas sim- 
ilar to Pintsch gas termed ‘‘ liquid ’’ or ‘‘ Blau gas ”’ 
in this country, hydrogen and a few others are some- 
times used, but are not efficient owing to limitations of 
temperature. The process using acetylene necessarily 
makes very much the hottest flame, owing to the large 
amount of carbon in the composition of this gas. 

This process is an indirect development of electric- 
ity. Shortly after the electric furnace was developed, 
the general use of acetylene was made possible, caleium 
carbide, from which acetylene is generated, being made 
in the electric furnace. In 1895, shortly after the de- 
velopment of ealeium carbide, Le Chatelier, the French 
scientist, proposed this process, that is, that the burn- 
ing of acetylene with pure oxygen would produce a 
very high temperature. It was not, however, until 
1905 that an equipment came into this country for 
practical use in a factory. From that time there has 
been a gradual development in the equipment and a 
rapid development in the uses for the process. 

The acetylene is produced in a generator direct from 
calcium carbide, the gas passing through a reducing 
valve and hose that connects with the torch. If a weld- 
ing equipment is to be used for portable work or work 
of an intermittent nature, acetylene is obtained from 
a dissolved acetylene cylinder as a source of supply, 
instead of from a generator, the other parts of the 
equipment being the same. The dissolved cylinders 
are not merely empty cylinders into which the gas is 
compressed as is the case with the oxygen cylinders, 
but contain a porous material, generally asbestos, into 
which is poured acetone or a similar liquid ; the acetone 
absorbs the gas and the liquid is held in suspension, 
thus filling the cylinder at all times, and in that way 
it is perfectly safe under a high pressure. The gas is 
drawn off through a hose, as is also the oxygen from 
the other tank, and both are brought together in the 
torch. 

The source of the oxygen in a general way is a cylin- 
der of compressed gas. In some cases the compression 
is very high, up to 1800 Ib. per sq. in., which high com- 
pression is for the sake of economical conditions of 
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transportation. But in some cases it is used in low 
pressure cylinders (300 lb. per sq. in.) which are 
charged from generating equipment on the premises, 
or it may be generated and compressed directly into 
the service pipes by several different means. The 
chemical method of manufacture from chlorate of pot- 
ash and manganese dioxide requires the cheapest 
equipment, but provides the most expensive gas, and 
is very little in use now. The electrolytic method of 
disassociating water into oxygen and hydrogen is com- 
ing very rapidly into use for large and small installa- 
tions. Very large oxygen generating equipments have 
been installed throughout the larger cities of the coun- 
try for making oxygen from the atmosphere by the 
liquid air process, the oxygen being distilled off from 
the liquid air. 

The torches used in both welding and cutting work 
are provided with tips for producing different sizes 
of flames in each torch. That is the same as chanz- 
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ing the size of flame in a gaslight by removing a 
burner and replacing it with a larger or smaller one, 
the variation of flame being required for welding dif- 
ferent weights of material. The tip is made of brass, 
there being one hole through the center, the mixing ar- 
rangement where the oxygen and acetylene are mixed 
together in correct proportions being located at the 
inner end. 

In addition to the use of this process for welding, 
another operation of interest because of its connection 
with the oxy-acetylene process and that it is carried 
out with practically the same equipment, is the cutting 
of steel by means of oxygen. Cast iron and non-fer- 
rous metals cannot be cut by oxygen, steel, wrought 
iron and east steel being the only metals cut in this 
manner. I have known of considerable expense being 
undergone in attempts to cut cast iron, due to igno- 
rance of this feature, the reason being, the free carbon 
in the iron stops the penetration of the oxygen. The 
cutting torch differs from those used for welding in 
that the tips have more than one hole; the central hole 
supplies the pure oxygen for cutting and the two out- 
side holes are heating flames, identical with those used 
for welding. 

The process of cutting steel in this way is a develop- 
ment of the old school experiment of inserting the red- 
hot end of a clock spring into a jar of oxygen, in which 
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THE OXY-ACETYLENE 
the red hot part of the clock spring began to glow and 
was gradually consumed, proving that stecl would 
burn in an atmosphere of oxygen. The process is sim- 
ply reversed in practice, in that the flame is applied 
to the piece of metal and a small spot heated, then the 
jet of oxygen is directed on that red-hot spot and the 
metal begins to burn; in burning it produces a slag of 
high temperature which, in flowing down the face of 
the part, is sufficient to heat the metal through a con- 
siderable depth (24 in. has been cut) so that the oxy- 
gen can combine with it. Thus the action is progres- 
sive, one layer being consumed heats the next one. It 
is not possible, however, to extinguish the heating 
flame as it is required to keep the molten slag fluid so 
that it will flow out of the cut; that is the only reason 
for keeping the combustion of the acetylene going 
while the cut is in progress after the first start is made. 

This process of welding is not generally understood. 
There is a knack in making a strong weld, a knack that 
can be acquired only by the exercise of considerable 
judgment and practice. Fig. 1 shows the method of 
making a typical weld. The torch tip here carries a 
flame of 6300 deg. playing on the metal, and a pool of 
molten metal is first of all formed at A. The metal is 
heated up approximately as indicated by the shaded 
portion. Upon that spot is deposited a drop of molten 
metal from the rod of adding metal B, the end being 
fused into the melted pool C. The drop is then fused 
still further so as thoroughly to adhere it to the piece 
to which it is being welded, by playing the flame 
around that drop, until it assumes a shape as at D. 
With a sharp corner such as at C, no satisfactory weld 
would be produced, because there would be a spot on 
each side which could not be welded, but by playing 
the flame around a thorough weld right across would 
be obtained. The condition is very similar to the use 
Those familiar with it never trust work 
where the edges of the solder are rounded, but realize 
when they spread out to a thin edge the union is sat- 
isfactory. 


of soft solder. 


A succession of drops is put on in that way. 

These drops overlap each other, so a thoroughly strong 

weld is produced. 
At E, Fig. 1, 


welded of considerable thickness. 


is a condition where parts are to be 
It should be stated 
that owing to the high temperature of the oxy-acety- 
lene flame, a weld can be made from 14 to ;*; in. in 
thickness without preparing the parts, that is, without 
beveling them out as shown at EF. If it is a crack in a 
casting, it is chipped or ground out by means of some 
mechanical method, or if it is steel, it can be cut out 
by means of the oxygen jet and a groove formed. If 
it is attempted to make the weld from the outside with- 
out this groove, the metal would burn before its con- 
ductivity had time to convey the heat deep enough to 
make a weld of any depth. 

With this process, the metal is first of all heated to 
red over a considerable area before any metal is added. 
The flame is then played at the bottom of the groove on 
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the points of the prepared sections until they fuse to- 
gether into one solid mass, and then additional metal 
Thus the made completely 
through the parts. The additional metal is then built 
in and each drop fused to the side, producing a thor- 
oughly homogeneous weld until the groove is filled up. 
This building up can be continued to any extent to re- 


is added. weld can be 


inforce the part at the weld or change its shape as de- 
sired. 

The theory of the process of oxy-acetylene welding 
is shown in Fig. 2. A Davis-Bournonville high-pres- 
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acetylene, C,H, passes in at the side orifices indicated 


sure positive-mixture torch tip is shown at A. 
and is ignited. When it is lighted in air a reaction 
takes place as shown (two and one-half parts of oxy- 
gen uniting with one part of acetylene yield carbon 
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dioxide and water) and the reaction produces a tem- 
perature about the same as ordinary illuminating gas 
(about 2500 deg. fahr). The oxygen in this case is 
taken from the air; the fact that the air is only one- 
fifth oxygen is responsible for the fact that the gas has 
to spread out over a very large area to collect that one- 
fifth of oxygen, and also there is the four-fifths of 
nitrogen which is carrying the heat away needlessly. 
This heat is wasted and thus reduces the temperature 
of the flame. When the flame is burning, you will see 
that a considerable amount of unconsumed carbon is 
given off at the end of the flame, which shows that even 
then there is not sufficient oxygen for complete com- 
bustion. 

When oxygen is supplied, from the cylinder or other 
source of supply of pure gas, passing in under pres- 
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210 THE OXY-ACETYLENE 
sure at the small opening indicated at the end of the 
tip and striking the acetylene which is also under pres- 
sure, at right angles, a thoroughly homogeneous mix- 
ture is produced, and when a mixture of one part of 
oxygen and one of acetylene is provided by the size of 
the orifices, the reaction is as shown at B. (One part 
of oxygen uniting with one part of acetylene yields 
hydrogen and carbon monoxide. ) 

The high temperature of 6300 deg. fahr. is obtained 
in the bright cone immediately at the end of the tip. 
The hydrogen cannot burn in that high temperature 
zone as it vannot unite with the oxygen, because it is 
above the disassociation temperature of water. It 
therefore passes out to the long flame, which is called 
‘* the envelope,’’ and burns to H.O; neither can the 
carbon monoxide, the product of the first reaction, 
unite with the additional oxygen to produce carbon di- 
oxide in the high temperature zone, and therefore this 
reaction must also take place in the envelope. The ad- 
ditional amount of oxygen is in both eases obtained 
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directly from the air if a satisfactory design of torch 
is used. 

The carbureting arrangement in the torch which is 
generally at the base of the tip, corresponds to the ear- 
buretor of an automobile, and if it is not adequate or 
not of a good type, the mixture and reaction will not 
take place as given above. If too large a proportion of 
oxygen is supplied, this additional oxygen cannot pos- 
sibly unite with a combustible element in the high tem- 
perature zone of this reaction because all the carbon is 
used up by one part of oxygen. Therefore the surplus 
must pass through to the envelope, and as shown at C, 
we have the reaction indicated (two parts of oxygen 
uniting with one part of acetylene yield hydrogen, car- 
bon monoxide and a surplus of free oxygen). 

Part of the surplus oxygen going to the envelope 
unites with either the hydrogen or the carbon monox- 
ide and forms carbon dioxide or water vapor in the 
secondary reactions, so that a portion only of the oxy- 
gen required for these reactions is taken from the air 
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instead of all of it; some of it is, in other words, taken 
from the source of supply, at a cost of 31% cents per 
cu. ft. (more or less, depending on conditions) instead 
of obtaining it from the air without cost, and that is 
obviously a very uneconomical condition. 

If the means for bringing the oxygen and acetylene 
together are not such as will produce a vortex, and 
therefore cause all the molecules of oxygen to come in 
contact with the molecules of carbon in the acetylene, 
a certain proportion of the oxygen will pass out of the 
tip, and through the high temperature cone, uncon- 
sumed. Therefore to allow for this, a larger amount 
of oxygen must be supplied to obtain the normal ad- 
justment of the flame which is distinguished by the 
clear outline of the inner cone. It can therefore be 
seen that this clear outline does not necessarily mean 
that the flame is neutral, as if the surplus oxygen is 
present as above, the flame must necessarily be oxy- 
dizing. The normal or ocular adjustment, as it might 
be called, therefore, may indicate a proportion of oxy- 
gen to acetylene of one to one (1.12 to 1 is the nearest 
to this that has been obtained) or it may indicate as 
high as two of oxygen to one of acetylene, 1.8 to 1 
being very common. 

If too large a proportion of oxygen is supplied 
through the tip for the normal setting as given above, 
the flame is shortened and the color is changed, D, as 
compared with B. The flame condition shown at E in- 
dicates too large a proportion of acetylene or a short- 
age of oxygen from the normal setting, the acetylene 
showing an extra or extended point on the bright weld- 
ing flame. Those two extreme conditions are used by 
the operator to adjust his flame but he can only adjust 
it within the limits of the mixing device. This tip, A 
and B, is shown because it is a simple representation 
of the ‘‘ high pressure positive mixture ’’ carbureting 
device, but has now been changed to the form shown at 
F, the principle of which, however, is the same. The 
tip seats in a cone and the oxygen passes through the 
central orifice and the acetylene through the radial ori- 
fices, striking together so that there is no question of a 
thoroughly molecular contact of the gases being pro- 
duced before they pass out and are ignited. 

Another type of torch which is shown diagrammati- 
cally at @ is that in which the two gases cre brought 
together by what is termed the injector principle, oxy- 
gen passing in and shooting straight through a cham- 
ber which contains acetylene either under several 
pounds pressure or under only a few ounces. The condi- 
tions are practically the same in both cases. The oxy- 
gen shoots through and the capillary attraction or 
‘* skin friction ’’ of the oxygen draws in the acetylene 
and produces a condition in which there is pure oxy- 
gen in the center and pure acetylene around the out- 
side, with the mixture in a zone between the two as 
shown in section YY. It is well known that the in- 
jector is made just as smooth as possible inside, so as 
not to produce any vortex; also that an automobile car- 
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THE OXY-ACETYLENE PROCESS OF 


buretor will not work satisfactorily unless the gases 
are thoroughly mixed together. 
torch. 


The same applies to a 
This torch is made in various styles. Some- 
times the injector cone is a narrow passage and some- 
times quite a large area; there are frequently jogs or 
enlargements in the passage with the idea of produc- 
ing mixing effects. All the gas, 
through the center of them. 

Another type of tip is shown at J. This differs only 
in detail from the previous one described, the principic 
being that of the injector, though without any cone, 
there being no control of the proportion of the two 
gases that pass in by orifices, such as are shown at A, 
B and F, the size of the orifices in these tips being ae- 
curately determined for the various sizes of tips for the 
amount of gas required, thus insuring the correct pro- 
portion at all times. 

At K is shown another type in which there are pas- 
sages which regulate the amount of gases passing 
through, but these are in the head of the torch instead 
of the tip. 
inserted, the mixing passage remains the same, so that 
only one of the set of tips for that torch has orifices 
correctly proportioned. 


however, passes 


Therefore when a larger or smaller tip is 


At L is a diagram representing the cutting opera- 


tion. This torch tip has a central passage through 
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An EXAMPLE OF A Corropep Firepoor FLANGE BUILT 
UP WITH THE Oxy-ACETYLENE PROCESS 


which the jet of oxygen passes. It has a side passage 
which carries an ordinary heating flame, the cutting 
being in the direction of the arrow, so that flame heats 
the ‘metal in advance. There is also a following flame 
which is just the same as that used for welding, merely 
for the effect of keeping the slag fluid so that it will 
run out of the weld. 

The process of oxy-acetylene welding and cutting is 
being used to a considerable extent for the repairing 
of steam boilers. In Fig. 3 is shown the welding of 
side plates in the firebox of a locomotive, the welds 
passing along each side and also patches being put in. 
It can be realized that having a row of rivets above the 
fire in a locomotive firebox is liable to cause trouble ; 
by welding, this is entirely done away with. That 
weld has been in use on the Boston & Albany for three 
years, and proved perfectly satisfactory, as have 
others. In Fig. 4 is shown the building up of a ecor- 
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roded fire door flange. 
the arrow. 


The corrosion is indicated by 
In the ordinary way, it would be necessary 
to cut a large piece out and make a new flange and 
then put a row of rivets around both on the inside and 
the outside, and these rivets would have to be put in 
under very awkward conditions, owing to the small 
space, working through a hand hole, with the result 
that they might not be tight, whereas simply by build- 
ing up as shown here, the work was made perfectly sat- 
isfactory. 

There is, however, need of restrictions on boiler 
welding, because at the present time a welding equip- 
ment can be purchased at a very low figure, and unfor- 
tunately the concerns putting out the cheap equip- 
ments do not give instructions with their equipments, 
with the result that anyone purchasing an equipment 
can, without any knowledge of its operation, go ahead 


and carry out welding on a boiler. Sometime, and I 


Fic. 5 Exampwes or Derective WELDING BY IMPROPER USE OF 
THE Oxy-ACETYLENE PRoOcESS 


guess it has already happened, destruction will result 
which will cause large restrictions in the use of this 
process. We are advocating that somebody, federal, 
state or other inspection authorities, make a law that 
no work shall be carried out on boilers unless the 
equipment has been tested to see that it will make a 
strong weld, and that it avoids the surplus oxygen 
which may pass through the flame oxidizing the metal 
and making a weak, brittle weld. The operator should 
be certified as to his ability to make a good, strong 
weld. 

Even when these two conditions are perfectly ob- 
tained, suecess is not assured, because the operator is 
frequently merely an unskilled ‘‘ handy man ’’ who has 
been instructed in the knack of making a strong weld, 
but has no knowledge of boiler structures or the 
strength of metals or their heat treatment, and there- 
fore is not capable of judging the conditions under 


Oe 
a 
¥ 
rind 
i 
= 
ey 
. 
A 
vA 
yt 
| 
BS 


212 THE OXY-ACETYLENE 
which welds should be made. We therefore claim that 
a third license should be given to the concerns that use 
the licensed operator and the licensed equipment, and 
until those three licenses are obtained welding should 
not be allowed on boilers. This does not imply that 
satisfactory work cannot be done on boilers at the pres- 
ent time, but as there are so many concerns who can- 
not do a satisfactory job of this sort, it is more by luck 
than good management when the right firm is chosen 
for the work. 

Fig. 5 illustrates some of the possibilities of defec- 
tive welding. Here is a weld that caused a disaster 
where there was considerable expense and loss. The 
weld is not thoroughly made. It was not made com- 
pletely through and it is considerably oxidized. Reg- 
ulations should be enforced so that it is not possible to 
get such a condition as that. Assuredly if the opera- 
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Fic. 6 AN EXAMPLE OF WELDING TOGETHER OF PRESSED STEEL 
Parts TO Form Ar EXPANSION JOINT 


tors and concerns were licensed, they would not pro- 
duce work of that nature. This process of welding is 
developing a number of other lines of metal working. 
For instance, pressed steel is coming into use very 
largely everywhere it is possible to use it, but its use 
has been limited to what could be made in dies. 
Pressed work in connection with welding has no limits, 
because the parts can be made in sections and then 
welded together. Fig. 6 shows the welding of such 
pressed parts, these plates being pressed up and 
welded together to make an expansion joint for steam 
piping. The parts are all welded together to make an 
accordion arrangement, the welding being around the 
inside and outside. It would not be possible to make 
that article without the oxy-acetylene welding process. 

Cast iron can be welded perfectly satisfactorily. 
The metal will be soft if the work is carried out by a 
skilled operator with an equipment that does not re- 
move the free carbon by combustion with the surplus 
oxygen in the flame, and it can be made so soft that 
expensive milling cutters and other tools can be used 
on it without any fear of their being damaged. 


WELDING, HENRY CAVE 

Fig. 7 shows a large flywheel, 20 ft. in diameter and 
weighing 24 tons, which was being moved from one 
mill to another and was dropped so that one spoke was 
broken out entirely and two spokes were cracked. It 
is easy to realize what an expense it would be to put in 
a new wheel, and also the time it would take. It was 
reported that the loss would have been $4800, but the 
wheel was welded up at a charge of $200 and put back 
into use. Thus a tremendous saving can be made, not 
only in the difference between the cost of welding and 
a new piece, but also the saving in time and use of the 
engine. 


In making welds on a wheel of this size, it is not pos- 
sible to turn it over and weld both sides, so the frae- 
tures were welded and reinforced by building up from 
There would naturally be some signs of 
It is well known when a 
piece of metal is nicked, it breaks very readily, and if 
a nick is left in the welding, it is much more liable to 


the top side. 
the erack on the other side. 


Fic. 7 AN Unusvat Case oF WELDING IN BROKEN SPOKES IN A 


20 Fr. FLYwHeeu 


break than if it is welded up solid; so it was necessary 
to weld all around. The welding on the under side was 
carried out by the operator welding overhead. Cast 
iron, when it becomes liquid, is practically like water, 
and it was really a remarkable piece of work in weld- 
ing up and building on that metal all the way round, 
part of it being done from underneath. The weld was 
tested with a sledge hammer to prove there was no in- 
ternal strain in it. It was then run at caleu‘ated over 
speed, and I believe was reinsured by the insurance 
company that previously had carried the risk. 

Fig. 8 shows a weld in aluminum, which is an ex- 
tremely difficult metal to weld, owing to several condi- 
tions. One is that it oxidizes so rapidly; another is 
that it has practically no strength when it is a few hun- 
dred degrees in temperature, being about as strong as 
a piece of potato. It has also high conductivity, so that 
a large portion of the piece is heated and the heat 
wasted. It has very high expansion and contraction. 
All these conditions make it an extremely difficult 
metal to handle; and yet it is possible to weld it as 
shown here. 
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What I believe to be the largest welding job that 
has ever been carried out and at the greatest saving, 
was carried out on the steel pipe line at Boulder Moun- 
tain in Colorado. The Colorado Power Company built 
this pipe line, using butt strap construction, which 
proved faulty. They tried all kinds of ways to correet 
the difficulty, but without avail. The trouble was that 


Fic. 8 AN EXamMpLe oF WELDING ON AN ALUMINUM Motor 
CRANKCASE 
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A V-groove was first cut so as to make a deep weld, 
with the eutting torch. Part of the pipe ran through 
a tunnel, and joints were made at the mouth of one of 
the tunnels. The joints were all reinforced to 21% 
in. thick, and gussets were also put in. The cost of 


Fic. 9 A Motor Car Truck Sipe Cut or STEEL 
PLATE WITH THE CUTTING MACHINE 
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Fic. 10 View or tHe Currinc Macuine IN OPERATION Two TorcHES FORMING A STEEL StipE FRAME FOR 


AN 


the water leaked out from between the butt straps, the 
water having a head of some 1700 ft., giving 825 Ib. 
pressure at the base. The pipe was 4 ft. in diameter 
at the bottom and 1%, in. thick. A tremendous amount 
of water came out from these joints and it was threat- 
ening to wash away the foundations and destroy the 
whole structure. Something had to be done immedi- 
ately. Half a million dollars had been put into the 
structure and the whole thing was being held up. 
Finally it was welded by the oxy-acetylene process, in 
the winter on the side of the mountain, in a temporary 
structure which was moved from one point to another. 


lk WCOMOTIVE 


that job, which was located some miles from any ear 
line, was over $30,000, but it saved at least a quarter 
of a million dollars. 

In Figs. 9 and 10 is shown the method of cutting 
out frames for the trucks of motor cars. Previous to 
this process, the plates were cut by machine-shop 
methods, embracing first boring large holes, and then 
putting them on a planer and a shaper using parting 
tools. A row of holes is drilled for long curves, the 
metal broken off and an air chisel used to trim up. It 
took three days to get one out; whereas they are now 
cut out in 2 hours. They are 7g in. thick and about 12 
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214 THE THERMIT PROCESS OF 
feet in length, there being about 45 ft. of cutting. Each 
cut must be set separately, which takes most of the 
time. 

The machine used for this work is shown in Fig. 10. 
It is a machine adapted for a variety of cutting opera- 
tions of the kind usually handled on a vertical slotting 
machine or horizontal shaper, but it does the work 
much faster than a cutting tool. There is a substan- 
tial bed for holding heavy steel plates or forgings and 
an extension at the rear supports the pantagraph mo- 
tion that guides the cutting torches. The double pan- 
tagraph frames are made of steel tubing and all joints 
provided with ball bearings. A horizontal bar is se- 
cured to the pantagraphs at the points opposite their 
pivots on the vertical supports. The tracing wheel 
which governs the movements of the torches is attached 
by a sliding block to any position on this bar accord- 
ing to the pattern or drawing to be followed and the 
required position of the torches. One or more torches 
are attached to the bar by similar sliding blocks. The 
illustration shows the tracing wheel at about the mid- 
dle of the bar and a torch on each side making dupli- 
cate cuts. The tracing wheel is driven by a small elee- 
tric motor which is provided with a centrifugal gov- 
ernor for regulating the speed at which the torches 
are moved thereby over the plate or material to be cut. 

A full size drawing of the cut that is to be made is 
placed under the tracing wheel. The tracing wheel 
then follows the outline on the drawing and causes the 
torch or torches to follow a similar path over the work. 
The most irregular outlines can be easily followed. The 
speed at which the machine cuts is from 3 to 12 in. per 
minute, according to the thickness of the work. The 
torches used are the regular two-hose machine cutting 
torches manufactured by the Davis-Bournonville Co., 
vertical adjustment of the torches being obtained by 
means of a pinion operated by a thumb-screw which 
meshes with a rack cut in the body of the torch. The 
entire pantagraph motion can also be adjusted verti- 
cally by means of a handwheel at each end of the ma- 
chine, which operates pinions meshing with rack teeth 
cut in the vertical supports. Any further adjustment 
that is necessary is then obtained by regulating the 
height of the torches with the thumbwheels. The lat- 
ter adjustment permits, on certain classes of work 
where the thickness varies, of adjusting the height of 
the torch while cutting. 

With this machine a cut may be made at any point 
over a surface 42 by 84 in. in size without shifting the 
torch on the bar. By shifting the torch or by using 
two torches, the area over which a cut can be made is 
increased to 42 by 168 in. Where duplicate work is 
being done or where two similar cuts are to be made in 
a single piece, the output of the machine is greatly in- 
creased by using two torches simultaneously. An ex- 
ample of this kind is shown in the accompanying illus- 
tration, Fig. 10, where a steel side frame for an elec- 
tric locomotive is being cut. 
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Aluminum, which is the basis of the Thermit process, 
is the most widely distributed metallic element in the 
earth’s crust, but it is an expensive metal as compared 
to iron and other more common metals because wher- 
ever it is found, it is always in combination with oxy- 
gen in one form or another, and it is only within com- 
paratively recent years that any commercial process 
has been perfected which will separate aluminum from 
oxygen and enable the metal to be produced at a cost 
to make it generally available. 

The fact that aluminum is hard to separate from 
oxygen is taken advantage of in the Thermit reaction 
as the high affinity of aluminum for oxygen permits 
of a chemical reaction between the two when they are 
heated hot enough. For many years since aluminum 
was discovered, chemists have known of this reaction 
and experimented with it in the reduction of different 
oxides, mixing finely divided aluminum with a metallic 
oxide, placing the mass in a crucible and then heating 
it until the reaction took place. It was found that this 
resulted in a very violent reaction, practically an ex- 
plosion, so that the reaction was of no commercial 
value. Dr. Hans Goldschmidt, a German chemist and 
metallurgist, discovered that this reaction could be con- 
trolled, if instead of heating the entire mass, he sim- 
ply heated the mass in the erucible at one spot. The 
reaction would then spread through the rest of the 
mixture and at the end of the reaction he would have 
aluminum oxide or slag floating on top in a molten 
state and the reduced metal at the bottom of the con- 
taining vessel. 

This discovery was the result of experiments by Dr. 
Goldschmidt, who was attempting to produce for 
Krupps, the steel makers in Germany, pure metals to 
use as alloys with steel, and the first experiments were 
made with chromium oxide and finely divided alumi- 
num. This reaction was entirely successful, as alumi- 
num combined with the oxygen in the chromium oxide 
and pure chromium metal was reduced. He later ex- 
perimented with other oxides, sulphides and chlorides 
and succeeded in producing pure manganese, ferro- 
chromium, molybdenum, ferro-titanium 
other metals and alloys. 

In experimenting with iron oxide, it was found that 
this reaction not only produced a very pure, low car- 
bon steel, but that the heat of this reaction was ex- 
tremely high. No pyrometer will measure this tem- 
perature, but it has been worked out theoretically by 
Professor Richards of Lehigh University as approx- 
imately 4881 deg. fahr. Dr. Goldschmidt decided that 
this intense heat, produced so quickly and easily, could 
be used for welding purposes, and the Thermit welding 
process which is now widely known throughout the 
world is the result. 
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THE THERMIT 

In making a Thermit weld, the parts to be united are 
first arranged with a space between them varying from 
14 in. to 2 or 3 in., depending upon the size of the see- 
tions. In the case of a fracture, it is often necessary 
to cut out the metal in order to provide the space 
needed, and this is done by drilling a line of holes 
along the fracture and then cutting out the metal be- 
tween the holes or else the space is cut out by means 
of the oxy-acetylene cutting flame. In the case of 
welding locomotive frames, which is the most impor- 
tant application of the process, it is almost always nec- 
essary to cut out the fracture. 

After the sections have been eut out, a wax pattern 
is formed around them to the exact shape of the rein- 
forcement of Thermit steel which is to be cast around 
them to make the weld. The wax pattern is enclosed 
in a sand mold, wooden patterns being used to form a 
pouring gate, also a small preheating opening at the 
bottom and a large riser directly over the top of the 
weld. In order to remove the pattern it is only neces- 
sary, to apply the flame of a compressed air gasolene 
preheater into the preheating opening and the wax is 
melted out, leaving the mold ready for pouring. For 
that part of the mold which comes in contact with the 
Thermit steel a mixture of one-third fire clay, one- 
third ground firebrick and one-third good sharp silics 
sand is used; this is mixed dry and then moistened just 
enough to tamp well. This is used only for the facing 
material and is backed up with a mixture of one-third 
fire clay and two-thirds sand. This mixture is recom- 
mended because it is highly refractory and the Ther- 
mit steel goes into the mold at such a high tempera- 
ture that a very refractory facing is necessary. The 
mold is, of course, thoroughly vented in accordance 
with good foundry practice. 

After the wax is melted out by the preheater, the 
heating is continued until the parts to be welded have 
been brought to a good red workable heat. In the 
meantime, the charge of Thermit is placed in a conical 
shaped crucible suspended over the pouring gate of 
the mold, and when the sections are red hot, the pre- 
heater is withdrawn, the preheater opening plugged up 
and the Thermit charge in the crucible ignited. In 
from 40 to 50 seconds the Thermit reaction is com- 
pleted and the Thermit steel tapped from the bottom 
of the crucible into the mold where it flows around and 
between the sections to be welded together, uniting 
them into one solid mass. The slag (aluminum oxide) 
does not enter the mold, but overflows at the pouring 
gate so that it does not interfere with the welding 
operation. 

The process is a simple one and the only outside 
power required to weld sections of any size is a small 
supply of compressed air for the operation of the pre- 
heater. The outfit is portable and in many eases sec- 
tions of very large size are welded without removal 
from their position, and therefore at a great saving in 
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time and expense over obtaining new parts. This is 
particularly advantageous in the case of broken loco- 
motive frames. It saves taking the frame out of the 
engine, welding it in a forge and replacing it. Fur- 
thermore the process permits of fusing a collar or re- 
inforcement of steel all around the welded part, thus 
increasing the cross-section at that point and making 
it stronger than it was originally. 

In welding a locomotive frame it is necessary to jack 
the frame apart from 14 to +; in. before putting on 
the mold in order to allow for the contraction of the 
Thermit steel when the metal in the weld cools. Where 
one part of a double-bar frame is being welded this 
contraction is allowed for by heating up the other sec- 
tion so as to expand it the required amount and hold- 
ing that heat until the metal in the weld has solidified, 
after which the heat can be taken off and then both 
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A CompLetep THermit WELD oN A Locomotive FRAME, 
SHOWING PouRING GaTE AND RIsER 


sections will cool down and contract together. For 
such work a double burner preheater is used; one 
burner to preheat the sections to be welded while the 
other is directed into a small brick furnace erected 
around the second member in order to obtain the de- 
sired amount of expansion. A completed weld on a 
locomotive frame is shown in Fig. 1 with the mold 
removed. 

The great economy of the process in locomotive re- 
pair work has led to its adoption by practically all the 
railroads of consequence in the United States, Canada 
and Mexico, and it is interesting to know that the proe- 
ess is now used in 421 different railroad shops in 
North America. Very little stripping of the engine 
is required for a Thermit weld, as it is necessary to 
provide only a clearance of about 1 ft. all around the 
broken section. In fact it is usually only necessary 
to drop the driving wheels in order to effect a repair 
on a broken frame. Often the engine comes into the 
shop in the morning and 12 hours later the frame will 
be welded and the locomotive ready for service. Ther- 
mit is also applied to equal advantage in the welding 
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of broken driving wheel spokes, side rods, connecting 
rods, rocker shafts, cross head guides, cylinder sad- 
dles, mud rings and other broken sections too numer- 
ous to mention. 

The Thermit process is used extensively in the ma- 
rine field for welding broken stern posts, stern frames, 
rudder frames and propeller struts of steamships. 
Here the process results in even greater economies than 
in the case of locomotive repairs owing to the fact that 
drydockage is exceedingly costly and every day saved 
means hundreds of dollars. Such repairs seldom keep 
the vessel in drydock more than 48 hours. The United 
States Navy has used the process very extensively at 


Fic. 2 A CompLetep THERMIT WELD ON A LARGE REFRIGERAT- 
ING MacHINE CRANKSHAFT 


the Boston, New York, Norfolk, Portsmouth and 
Charleston navy yards, and the repair ships Panther, 
Dixie and Vestal are completely equipped with Ther- 
mit welding outfits and have done very important 
work, 

A great many crankshafts have been welded by this 
process, particularly shafts for refrigerating machines. 
These shafts have to be aligned quite accurately be- 
fore making the weid, and it is found best to mount 
them on V-blocks supported on a machined bed plate. 
In some eases it is found necessary to cut out an entire 
bearing and weld in a block of steel to replace it with 
two Thermit welds, one at each end, the shaft being 
then placed in a lathe and the bearing turned down to 
the proper size. It is usually impossible to keep these 
shafts in exact alignment during the welding opera- 
tion, but they are seldom out more than ;5 in. This 
is readily corrected by taking a light cut off the bear- 
ings between the weld and one end of the shaft, con- 
sidering the other part of the shaft to be true. In 
Figs. 2 and 3, an example is shown of a Thermit weld 
on a large crank shaft. 

While a great many of these shafts have been welded 
with Thermit, we have never had one break at the 
weld, and our theory is that the shafts almost always 
break because of some flaw or defect in the material. 
This is often an old forging crack in the case of built 
up erankshafts, which gradually spreads until finally 
the shaft gives way. Of course, a shaft with such a 
flaw has no factor of safety at all, but if it were prop- 
erly constructed it should have a factor of safety of 
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five. After the weld is made and all surplus metal ma- 
chined off the shaft will still have a factor of safety 
of at least four, which is ample for all purposes and 
the owner will really have a better shaft than origin- 
ally because the flaw has been located and eliminated 
and the rest of the shaft has, of course, been thoroughly 
tested. 

This process has also been used for large welds on 
gear wheels, flywheels, hoisting engine shafts, rolls, 
pinions and roll mill housings. In the case of broken 
rolls and pinions, it is usually necessary to east on en- 
tire new ends and as this would prove rather costly 
with Thermit steel, we have devised a method which 
is just as effective and considerably less expensive. 
This method is now generally used by practically all 
the large steel mills in the Pittsburgh district. The 
broken roll or pinion is placed vertically in a pit and 
a mold constructed around the fractured end. This 
end is then heated to a red heat by means of gasolene 
preheaters, after which it is covered with Thermit 
steel to bring it up to a fusing temperature. Liquid 
steel from a ladle is then poured into the mold and 
about 6000 Ib. allowed to run through and overflow. 
The overflow gate is then plugged up and the moid 
filled to the top. When the metal in the mold cools it 
will be found to have welded perfectly to the steel of 


Fic. 3 View OF THE SAME CRANKSHAFT AFTER WELDED CRANK 
PIN WAS MACHINED 


the roll. The hot metal passing through the overflow 
gate is not wasted, but is caught in ingot molds and 
used in the reguiar way. 

Another important application of Thermit is in pipe 
welding. The method of doing this work is novel and 
simple. Advantage is taken of the temperature of the 
slag and the fact that this slag will not stick to the 
pipe. On this account the mold for the purpose can 
be made of iron and surrounds the pipe ends which are 
accurately butted together and held in place with 
clamps. The Thermit is ignited in a flat bottom cru- 
cible and at the end of the reaction the slag which 
fioats on top of the Thermit steel is poured into the 
mold, the steel going in afterwards. The slag and steel 
combined serve to bring the pipe ends up to a welding 
temperature, at which time they are squeezed together 
by means of the clamps and a butt-weld effected. At 
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the end of the operation the entire mass may be 
knocked away from the pipe and the only resulting ef- 
fect will be a slight upset in the surface of the metal 
at the joint. 

This type of welded joint is used extensively in re- 
frigerating plants, particularly where ammonia pipe 
lines are used and where a permanent non-leakable 
joint is desired. The Thermit process not only elim- 
inates all joints from the pipe, but the welded joints 
are actually cheaper to install than ammonia flanged 
connections. For instance, the cost, including labor, 
of welding a 1-in. standard pipe by the Thermit proe- 
ess, is about 65 cents, while ammonia fittings will cost 
at least 75 cents. Another advantage is the speed with 
which the welds ean be made, as two men can easily 
make from 40 to 50 pipe welds per day. One man will 
face up the ends of the pipe with a special pipe facing 
machine, while the other follows and does the welding. 
As no outside power is required the welds can be made 
anywhere and the operation is just as economical in 
the field as in the shop. 

In rail welding, the Thermit process offers a field of 
usefulness to street railway companies, as the appa- 
ratus is simple and enables a few joints to be welded 
almost as cheaply as a large number. The life of the 
rail depends very greatly on the efficiency of the joint 
as it always wears out and batters where the joints 
occur. Welding not only prolongs the life of the rail 
but also reduces the resistance of the return electric 
circuit. In making a rail weld, Thermit steel is fused 
around the base and flange of the rail and also around 
both sides of the head. The head is, however, not 
welded entirely with Thermit steel, but an insert of 
rail steel is placed between the two rail ends and this 
is heated to a welding heat by the Thermit steel and 
slag, and later when the weld begins to cool and con- 
tract, it is compressed between the rail heads and butt- 
welds to them. In this way a weld of the entire rail 
section is obtained, but one which does not in any way 
affect the wearing quality of the metal in the head of 
the rail which has to withstand traffic. After this joint 
has been welded it is ground to proper form by means 
of a special rail grinder which has been perfected for 
that purpose. 

In addition to the above applications of the process 
it may be stated that Thermit is used quite extensively 
in foundries and steel works for reviving dull iron in 


the ladle and keeping risers of castings liquid. For 


that purpose the Thermit is supplied in cans which 
may be attached to a long rod and plunged into the 
ladle of iron or held in the riser. The Thermit there 
reacts and heats up the iron or steel in which it may 
be. immersed. The reaction of the Thermit charge in 
the molten metal sets the iron free as highly super- 
heated steel at a temperature of nearly 5000 deg. fahr., 


-or about twice the temperature of ordinary molten 
:Steel, which is very effective for this purpose. 


W. A. HODGES 


ELECTRIC WELDING 
By W. A. Hopces,' Lynn, Mass. 
Non-Member 


The electric resistance process of welding and heat- 
ing, sometimes called the incandescent process as dis- 
tinguished from the electric are process, consists in 
causing a heavy current of electricity to pass across 
the joint at the lowest voltage which will drive the ecur- 
rent through the pieces to be welded, to bring the metal 
at the junction up to a welding heat, and at the same 
time pressing the pieces together to make a complete 
union or weld. The pieces to be welded together when 
clamped in a welding machine complete an electrical 
circuit but are inadequate to carry the heavy current 
passing through them without heating; as the heat in- 
creases the resistance also increases and the union 0! 
weld is thereby accelerated, but the volume of current 
is decreased, or in other words, as the temperature in- 
creases, the current volume usually decreases, a greater 
volume of current being used at the beginning than at 
the end of the heat effect. The heat is confined to the 
metal between the jaws and a welding heat is reached 
so quickly that there is very little time for waste 
through radiation or conduction by adjacent cold 
metal; therefore practically all the heat is consumed in 
useful work, and the pieces not having been heated ex- 
cept at the joint, are not distorted or even discolored. 

The electric resistance process of welding and heat- 
ing is distinguished from all other processes by the fact 
that the heat is generated in the metal itself, uniformly 
over the section, while by all other processes the con- 
trary is true; the heat is applied to the exterior and is 
conducted into the interior. Absolute control of the 
heat is obtained; the pieces are heating in full view of 
the operator and, if, due to uneven contact of the 
pieces, rust or scale at one or more points of contact or 
other irregularity, the pieces heat unevenly with a 
tendency to burn at one or more points, the heating 
effect can be instantly stopped until radiation restores 
the heat equilibrium, when the heating can instantly 
be resumed and all danger of flaws avoided. Various 
degrees of temperature can be obtained and retained 
for any length of time. Usually no flux is required. 

This process is employed principally in the follow- 
ing classes of welding operations: 

Butt Welding, end to end; whole abutting sur- 
faces, of nearly same cross-section, welded to- 
gether 

Tee and Angle Welding, in the form of a letter T 
or L 

Cross Welding, in the form of an X 

Lap Welding, overlapping and squeezing or mash- 
ing together 

Seam Welding, either by abutting, or overlapping, 
the edges of sheet metal 
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Spot Welding, instead of riveting; practically one 
spot at a time 

Point Welding, surfaces in contact only at a raised 
point or multiplicity of points, at which the 
current is confined; welding only at these 
points. Usually in sheet metal 

Ridge Welding, instead of a point, a ridge, across 
which a weld is made 

Upsetting, to form collars and the like, and 

Heating, of blanks for forging, bending and 
working. 

The process is especially well adapted to duplicate 
work where as large an output as possible per oper- 
ator is required and the wagon, carriage, automobile 
and bicycle industries, with tools, wire, pipe, tubing 
and a large line of miscellaneous and special work pro- 
vide the field for the process. It is particularly appli- 
cable to new work rather than to repairs, although some 
repair work is done in iron and steel, but the process 
is not applicable for the repair of broken or defective 
castings unless of such metals as brass of simple forms. 
Practically all metals can be welded, also all sorts of 
steel and many alloys, as well as many combinations 
like carbon steel to mild steel, nickel and brass to plat- 
inum, cast steel to machine steel, malleable iron to steel 
and a great variety of other combinations. In the last 
few years there has been a great development in the 
manufacture of sheet metal articles and the electric 
spot weld has been found a much cheaper and better 
method than riveting, especially with the lighter gages 
of sheet. 

Rust is an insulator for low voltage and should be 
removed at those parts of the pieces which come in 
contact with the electrodes. In butt welding the two 
pieces, if of the same metal, should have practically 
the same cross-section at the joint, and when a larger 
piece is to be welded to a smaller, the end of the larger 
piece should be reduced to the section of the smaller 
for a length depending on the section or diameter. The 
upsetting of the ends together to make a butt weld 
causes the joint to be enlarged, according to the char- 
acter of the metal and the kind of weld required, by a 
burr, fin or swelling; if objectionable, this can be re- 
moved under a press or hammer while the metal is hot, 
or in thin flat stock, where there is not enough heat to 
work, the light fin can be ground off. 

The electric current transformer, the clamping de- 
vice and the pressure device are the three necessary ele- 
ments in an electric welding machine. Although it is 
possible to give the transformer a different location 
from that of the two mechanical elements, it is rarely 
done, the commercial welding machine employing all 
three elements in the same structure. There are, of 
course, many special departures from this general 
form. The mechanical and electrical controls may be 
operated by hand, by foot, or may be automatic and 
operated by power. For small work like welding wire, 
spring pressure in forming the weld is usually em- 
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ployed, and clamping either by hand or by power; for 
metals like copper and brass a weight pressure is usu- 
ally best ; for rounds and like sections up to 34 in. hand 
pressures are usually employed; in larger sections, hy- 
draulic pressure or pressure obtained through self-con- 
tained oil jacks is used. 

Electric welding machines are necessarily more or 
less special in the construction of their clamps and elee- 
trodes, no one machine being suitable for a great va- 
riety of sizes or forms of work, and some are entirely 
special and suitable only for the work for which they 
are built. Some are called semi-automatic, as when the 
operator’s duty is only the putting in and taking out 
the pieces, while other machines are entirely automatic, 
clamping, exerting pressure for welding and control- 
ling current. 

Power machines for spot welding are being built 
with heating time adjustments and regulation so that 
the machines can be set for the right speed and the 
correct time of heating required for varying thick- 
nesses and conditions of stock. They can be operated 
continuously or intermittently as necessary, so that the 
greatest amount of work which the operator can han- 
dle will be taken care of by the machine. 

There is no process by which the heat can be deliv- 
ered to metal so quickly as by the electric resistance 
method. In small wire a fraction of a second only is 
required for welding, while with larger pieces propor- 
tionately more time is required. Welds can be made 
either quickly or slowly, depending upon the amount 
of power available. It is always desirable to have 
ample power so as to make the weld in the quickest 
possible time, as better results are usually obtained, 
and time and power are saved. A 34-in. round can be 
welded with 15 kw. in 15 seconds or with 23 kw. in 6 
seconds. Endless pieces like rings take more power, 
as the diameter decreases; copper and brass, more 
power and less time than steel or iron of like section. 

The expense for current is small, as it is used only 
while the pieces are heating in the welding machine, 
which is from one-quarter to perhaps one-half of the 
time of the day’s run. The welding machine is always 
ready if the current is available by simply closing a 
switch, and when the weld is made the expense of con- 
sumption of energy instantly stops. The output per 
day for any welder depends, of course, upor the size 
of the stock to be welded, the shape of the pieces, and 
the facilities for handling. In wire hoops, under the 
best conditions, 1000 welds can be made per hour, 
while in very heavy tires, 100 per hour would be a very 
good output. 

Large volumes of current at low pressures are re- 
quired, approximately from 2000 to 50,000 amperes, at 
from 1 to 7 volts, being used for welding from 1, in. 
to 3 in. round or equivalent section. The pieces to be 
welded when mounted on the terminals of the trans- 
former, complete an electric circuit, all parts of which, 
except the pieces to be welded, are adequate to carry 
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this heavy current without heating excessively or with- 
out much loss of energy. The current depends on the 
section of the pieces and the speed of welding. 

An alternating current wired from a single phase, 
or from one phase of a multi-phase system is the most 
convenient and is universally used. A current of any 
usual frequency can be employed, the welding trans- 
former being adapted for the conditions, 60 cycles usu- 
ally being found, although welding machines are em- 
ployed on circuits of 25 cycles and even as low as 111% 
and 15 cycles. The pressure also may be any commer- 
cial voltage, 220 volts being commonly available, al- 
though welding machines are operated on circuits 
ranging from 104 volts to 550 volts. 

This current is usually obtained from the local light- 
ing and power company rather than from individual 
generating plants, although in cases of large electric 
welding installations individual generator equipments 
are used. In installations of single welding machines, 
the current being used intermittently, the actual kilo- 
watt-hours consumed in a day’s run are small and the 
expense of current so light that an individual genera- 
tor is not desirable. 

The welder being a machine with self induction, the 
power factor is low, sometimes 50 per cent, varying ac- 
cording to conditions, but rarely higher than 70 per 
cent. The nature of the load on the generator supply- 
ing the current is different from that of almost any 
other current consumer except some forms of alternat- 
ing-current motors on account of the fact that when 
the circuit is closed through the breakswitch, the full 
amount of power required to make the weld is instantly 
thrown on the generator; and instead of building up 
from a minimum to a maximum, the maximum is first 
demanded of the generator. This necessarily creates 
some disturbance on the line. 

When the visible surface of a piece (outside) reaches 
a welding heat the interior is necessarily also at a weld- 
ing heat; for this reason, a more uniform result and 
a greater percentage of good welds can be obtained, 
and at least as strong, if not a stronger weld can be 
made than by any other method. 

No table of strength of welds is presented, but in 
general it may be said that in good open-hearth mild 
steel, almost, and in some cases, quite the strength of 
the metal section is obtained. Bessemer steel, being 
frequently higher in sulphur and phosphorus, cannot 
always be welded with such good results. 

In high carbon steel the heat is so distinctly local- 
ized and its dissipation is so fast when the current is 
withdrawn, that just at either side of the weld the 
metal is chilled and may be more or less brittle. To 
overcome this, it is the practice to reclamp with the 
electrodes wider apart, letting the current flow through 
the brittle parts until they come to an annealing tem- 
perature. Reheating may be repeated when needed. 

A spot weld frequently is much stronger than a 
rivet. In very thin sheets the metal pulls away leav- 
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ing a hole in one sheet with the metal of the weld ad- 
hered to the other sheet. 

Fig. 1 shows in the left upper corner a steel pinion 
and a composition base piece with a boss to which the 
pinion is welded. The welded piece is also shown with 
the upset, represented by a fin around the joint. The 
three middle pieces are interesting specimens, showing 
the possibility of simplifying forgings by making them 
in two parts and then welding them. The first two 
pieces represent the two parts and the third piece at 
the right the completed piece, showing the weld. At 
the right-hand corner is a miter joint in a 1 in. pipe. 
This is rather an unusual weld. The two lower pieces 
are interesting examples of building up a structure 
from different parts. The two end pieces are forgings, 
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Fig. 1 Exampies or Recent Applications or ELectric WELD- 
ING TO MANUFACTURING PROCESSES 


also the small middle piece. The other middle piece is 
tubing. Three welds are made in the piece, which is 
shown welded above. The ends of the forgings to 
which the tubing is welded are milled out to give them 
a section like that of the tube. 

There is an infinite variety of welding work which 
can be done by the electric resistance process, an inter- 
esting example of which is the welding of rails for the 
street railways, taking the direct current from the 
overhead trolley, transforming it to alternating eur- 
rent and welding plates across the joint, making a 
practically continuous rail. This work is being very 
extensively done in the large cities. An unusual 
method of making agricultural wheels consists in as- 
sembling the spokes in two halves of the hub and mash- 
ing them all together at one operation in a welding 
machine. There should also be mentioned the welding 
of wire fabric used in wire fencing and for concrete 
reinforcing, for which has been developed the only 
fully automatic electric welding machine; the strand 
wires and the stay wire are fed into the machine and 
welded automatically at all intersections. 
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MEETINGS OF THE SOCIETY IN CHICAGO> 


HE January and March meetings of the Society held in Chicago are of interest because of 
their bearing upon steam power plant topics: At the meeting of January 28, 1914, Bryant 
Bannister of Pittsburgh, Pa., read a paper on Tests of Four-Pass Boilers with Illinois Coal. On 
March 18, a banquet was held at which four prominent power plant cngineers talked on the topic 
of Large Steam Power Plants, discussing the various phases of present-day operation and suggest- 
ing improvements for the future; the speakers were as follows: 1. E. Moultrop, of the Edison Elee- 
tric Illuminating Company, Boston, Mass.; J. W. Parker, of the Edison IUuminating Company, De- 
troit, Mich.; John Hunter, of the Union Electric Light & Power Company, St. Louis, Mo.; and W. 
L. Abbott, of the Commonwealth Edison Company, Chicago, Ill., all of whom are Members of the 


Society. 


TESTS OF FOUR-PASS BOILERS WITH 
ILLINOIS COAL 


By Bryant Bannister,' PirrspurGu, Pa. 


Non-Member 


In April 1913 a new boiler house was completed at 
the works of the National Tube Company, at Kewanee, 
lll. Because of some unique features of the installa- 
tion, together with the fact that a low-grade Illinois 
coal was burned in the form of 114 in. screenings with 
very high efficiency, it was thought that the results of 
tests which were conducted would be of value to the 
engineering world. 

A series of 11 tests of from 4 to 24 hours’ duration, 
with loads varying from 75.6 per cent to 205.2 per cent 
of rating, was run primarily for the purpose of prov- 
ing contract guarantees. However, with a Taylor 
stoker with which this plant was equipped, and its 
thick fuel bed, it is very difficult to estimate accurately 
the amount of either coal or ash on the grate, and the 
error which might occur in a test of short duration 
would be of considerable importance. 

In order to eliminate, as far as possible, any error 
arising from this souree, it was thought best to con- 
duct a later test of much longer duration, so that 
any error in estimating coal on the grates at the be- 
ginning of the test would be spread over a sufficient 
period to make it comparatively insignificant. This 
test was run as a 72-hour test, completed October 30, 
1913, some six months after the first 11 tests were 
made. The results of this 72-hour test are given in 
this abstract. 

The complete boiler plant consists of four Edge Moor 
watertube boilers, each set as a unit, having 20-ft. tubes, 
and baffles arranged to give four passes for the gases, 
with the stack outlet at the bottom of the fourth pass. 
Each boiler has 6132 sq. ft. of water heating surface, 
Foster superheaters being installed. The boiler is set 


with the bottom of the front header 8.67 ft. above the 
1 Engineer, National Tube Company. 


Abstract of Paper. Presented at the Chicago local meeting of The 
American Society of Mechanical Engineers on January 28, 1914. The 
complete report may be consulted in the rooms of the Society, 29 
West 39th St.. New York. 
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The meetings and the discussion are reported herewith in abstract form. 


level of the dumping plate of the stoker, thus giving the 
large combustion chamber so essential to the thorough 
combustion of highly volatile coals. The other furnace 
dimensions are 12.75 ft. wide by 8.50 ft. deep. The 
firing is done by a seven-retort Taylor stoker equipped 
with an air extension grate. 
fan and engine. 


Each stoker has its own 


The feedwater is supplied from a purifying plant 
and is heated by the exhaust from the auxiliary en- 
gines in an open heater. Two turbine-driven centri- 
fugal pumps, each having a capacity sufficient for the 
maximum steam generation, are so piped that any one 
of the four boilers may be supplied with feedwater hy 
one pump, while the other pump supplies the water to 
the weighing tanks and to the remaining boiler units. 
Permanent water weighing equipment has been in- 
stalled, consisting of two seale tanks of 2750 lb. eapac- 
ity, and one supply tank of 4500 Ib. capacity. 

Much was done to make each boiler setting tight and 
as free from radiation losses as possible. The setting 
was first painted with a thick asbestos paint, and then 
covered with 114 in. coating of 85 per cent magnesia 
heat insulator, and finally covered with muslin and 
again painted to insure no air leakage. The boiler 
headers were also covered, where exposed, with this 
same magnesia compound, and the whole setting top 
covered with a 3-in. layer of fire brick and cement, and 
then with magnesia covering. At no point during the 
tests was the setting more than warm, even at the high- 
est loads. 

During the tests the coal was dropped from a chute 
into a scale-box of 1000 lb. eapacity and carefully 
weighed, then shovelled into the stoker hopper. From 
each weighing, a sample shovelful was taken and the 
aggregate of these kept in a tight metal box for each 5- 
hour run, and then quartered for a sample. Moisture 
determinations on coal were made by the National Tube 
Company, according to standard laboratory methods, 
and proximate analyses were made by ‘both the Na- 
tional Tube Company and the Robert W. Hunt & Com- 
pany from the samples obtained from the aggregate of 
the 8-hour samples. In test No. 12 it was found that 
the analysis made by the National Tube Company was 
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sustained by the heat balance and was accordingly 
used. (In test No. 12 the calorific value of 1 lb. of dry 
coal was found by the National Tube Company to be 
11,094 B.t.u., and by the Robert W. Hunt and Com. 
pany 11,026 B.t.u.) Ash analyses were made by the 
National Tube Company on samples from all tests ob- 
tained by the same method deseribed above for obtain- 
ing coal samples, with checks by the Robert W. Hunt 
& Company on several tests. Care was taken in seeur- 
ing these samples of ash to obtain as nearly as possible 
the same proportions of fine ash and clinker as con- 
tained in the ashes dumped. 


Fic. 1 Exterior or THe New Boiter Houst at Kewanee 


Flue gas temperatures were taken with duplicate 
thermo-couple pyrometers placed at the bottom of the 
last pass. Previous to tests these pyrometers were 
compared with a standard thermometer throughout the 
working range, and during the tests the average differ- 
ence in the readings for the two instruments was about 
6 deg. fahr. 

Gland leakage on the test feed pump was weighed 
and accounted for, and no blowdowns were made dur- 
ing any tests. Safety valves on the test boiler were set 
several pounds above those on the remaining boiler 
units, but on the higher evaporations pop-offs were un- 
avoidable, these being carefully timed and accounted 
for. 

Flue gases were drawn from the bottom of the fourth 
pass and analyzed by an Orsat apparatus every 15 min- 
utes, and check analyses were made occasionally with 


a second Orsat. All temperature and pressure read- 
ings were made every 15 minutes and the condition of 
the fire maintained in accordance with the gas analyses. 
Since each boiler unit has its own stack it was further 
possible to regulate properly the air supply to the 
stoker by observing the smoke condition. As shown by 
the data, the furnace draft was maintained as low as 
possible. 


TABLE 1 DATA AND RESULTS OF EVAPORATIVE TEST NO. 12 


Conpuctep BY THE Nationat Tose Company, Kewanee Works, Ocrosperk 
27-30, 1913, wira TaYvLor Sroker or 91 Sq@. Fr. Grate SuRFACE, AND 
Epcot Moor Warer-Tuse, Four-Pass Borter, or 6132 Se. Fr. Water! 
HEATING SurFace anv 1200 Sq. Fr. Superweatine Surrace. 
Birt MINOUS SCRE! NINGS USED 


Duration, hours 72 
AveraAGeE Pressures AND TEMPERATURES 
Steam pressure by gage, Ib.................... 117.6 
Temperature of feedwater entering boiler, deg.. 194.9 
Temperature of escaping gases leaving boiler,deg. 412.0 
Draft in furnace, in........ 0.011 
Blast Pressure under Grate, in......... swe 1.95 
Superheat of steam, deg............. 77.9 
ToTaL QUANTITIES 
Weight of coal as fired, Ib..................... 222,703 
Moisture in coal, pec cent............00c0ce0e 16.15 
Total weight of dry coal consumed, lb......... 186,736 
39,185 
Ash and refuse in dry coal, per cent........... 20.98 
Total weight of water fed to boiler, Ib......... 1,563,910 
Total weight of water evaporated, corrected for 
Total equivalent evaporation from and at 212 
Howurty QUANTITIES AND Rates 
Dry coal consumed per hour, Ib............... 2594 
Dry coal consumed per sq. ft. of grate surface 
28.5 
Water evaporated per hour, lb................. 21,721 
Equivalent evaporation per hour from and at 
Equivalent evaporation per hour from and at 
212 deg. fahr. per sq. ft. of water heating sur- 
CaAPACcITY 
Evaporation per hour from and at 212 deg. 
Boiler horsepower developed... ................ 695.6 
Rated capacity in evaporation from and at 
Rated boiler 613.2 
Rated capacity developed, per cent............ 113.4 
Economy ResvLts 
Water fed per lb. of coal fired, Ib.............. 7.022 
Water evaporated per Ib. of dry coal, Ib........ 8.375 
Equivalent evaporation per lb. of dry coal, lb.. . 9.254 
Equivalent evaporation per lb. of combustible 
EFFICIENCY 
Calorific value of 1 Ib. of dry coal, calories... .. 11,094 
Calorifie value of 1 Ib. of combustible.......... 13,773 
Efficiency of boiler furnace and grate, per cent.. 80.95 
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TABLE 2 TEST AND COMPUTED RESULTS 


225 
Blast pressure, in. of water.................cccccees 1.95 
Draft, in. of water 
0.90 
Temperature flue gases, deg. fahr.................0.. 412 
77.9 
Pressure gage, Ib. per sq. in...............eeeeeees 117.6 
Feedwater temperature, deg. fahr................... 194.9 
Flue gases, per cent. 
Coal 
19.45 
Hydrogen (dry), per cent.................00.000- 4.58 
Carbon in dry ash and refuse, per cent.............. 6.73 
Equivalent evaporation per lb. of coal 


Equivalent evaporation per 10,000 B.t.u. fired. . 8.34 
Equivalent evaporation per hr. per sq. ft. 


264 
Coal per boiler horsepower-hour 
Coal consumed per hour per 
Sq. ft. grate surface, dry, Ib................005- 28.5 
Retort 
LD. ale per Ib. dry coal 10.88 
Efficiency boiler, furnace and grate, per cent......... 80.95 
ANALYsIS OF FuLtton County 
Proximate analysis of coal 
11,094 
Ultimate analysis of dry coal 
TABLE 3 HEAT BALANCE, EVAPORATIVE TEST NO. 12 
Per £5 
B.t.u cent © £ 
(95) Heat absorbed by boiler.............. 8980 80.95 LS 
Net correction to balance correction 
on items (96)-(102).............. —0.79 
Corrected efficiency................ (80.16) 
(96) Loss due to evaporation of moisture in 
Same, calculated on average mois- 
(194) 
Correction to average moisture...... — 0.33 


(97) Loss due to heat carried away by steam 
formed by burning of hydrogen... 494 4.45 
Correction for items (96)-—(97) on 


basis of corrected stack tempera- 


Correction for item (98) on basis of 
corrected stack temperature. ..... —0.21 
(99) Loss due to carbon monoxide......... 35 0.31 
Same, average for all tests.......... (24) 
Correction to average carbon monox- 
(100) Loss due to combustible in ash and 
Same, average for all tests.......... (388) 
Correction to average loss of com- 
1.49 
(101)-(102) Loss due to radiation and un- 


100.00 0.00 


Notre—The above factors of correction were derived with items (indicated 
by numbers in brackets) of the complete code of the Society for boiler testing. 


DISCUSSION 
G. A. GOODENOUGH' commended the accuracy of the test 
instruments and measuring apparatus employed and stated 
that under the supervision of A. P. Kratz all instruments 
and apparatus were tested with special care and therefore 
the data set forth in the report of the test might be accepted 
as well within the limits of reasonable accuracy. 


JOSEPH HARRINGTON (written). The heat balance has 
been worked out on a basis of dry coal, and the losses due 
to moisture and hydrogen in the coal and the heat in the 
dry flue gas have not been divided to show what proportion 
of each is a necessary loss. To this extent the analysis of 
the results is incomplete. 

A perfect furnace would completely burn all the com- 
bustible in the coal fired, with just the theoretical amount 
of air. With no losses due to combustible in the ash, to CO 
in the furnace gases or to excess air, the furnace efficiency 
would be 100 per cent. A perfect boiler would cool the gases 
to the temperature corresponding to the pressure and would 
allow no infiltration of air or radiation of heat. The boiler 
efficiency would then be 100 per cent. 

A perfect furnace and a perfect boiler would not, how- 
ever, give 100 per cent combined efficiency, because nature 
imposes certain restrictions upon the process of burning coal 
for the generation of steam: 

a Because coal is not a perfect fuel. With a perfect fur- 
nace and boiler the moisture and burned hydrogen in 
the coal will go up the chimney as superheated steam at 
the temperature to which a perfect boiler could cool the 
gases, but this temperature is higher than that of the 
atmosphere and a definite, necessary loss occurs. 

b Because the gases must escape at a temperature at least 
equal to the steam temperature, which is, of course, al- 
ways higher than the surrounding air. The theoretical 
amount of dry gases also carries away heat, which even 
a perfect boiler could not absorb. 

The magnitude of these necessary losses depends upon the 
amount of moisture and hydrogen in the fuel, the boiler 
pressure, and the temperature of the air in the boiler room, 


: Professor of Thermodynamics, University of Illinois, Urbana. 
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and until they are known and a proper allowance for their 
effect made, a test cannot be scientifically analyzed or two 
tests compared. For instance, a test of 78 per cent com- 
bined efficiency may be a better performance of both boiler 
and furnace than another at 80 per cent under different con- 
ditions, because the necessary losses might be more than 
enough to account for this difference. 

After deducting the necessary losses per pound of coal as 
fired from the B.t.u. as fired, there remains an amount of 
heat, all of which a perfect boiler and furnace could utilize. 
The ratio of the amount of heat theoretically available to 
that contained in a pound of coal as fired is the ideal effi- 
ciency and should form the basis for all analyses of results. 

The ratio of the amount of heat actually utilized to the 
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vantages due to moisture and hydrogen in the coal, boiler 
pressure and atmospheric temperature are thus eliminated 
and a true comparison is expressed by the actual efficiency. 

If further analysis of a test is desired, the furnace and 
boiler losses may be considered separately and the individual 
performance of each determined, but in any event, the per- 
formance should be based upon the heat theoretically avail- 
able per pound of coal as fired, rather than upon the total 
heat in a pound of coal as fired. 

The evidence is all in favor of accepting the actual effi- 
ciencies at Kewanee instead of those as corrected and this is 
directly in line with my own experience that at high rates 
of combustion the unaccounted-for loss increases rapidly, 
unless an unusually large furnace is provided. This often 
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the the 
boiler and furnace performance and is the only basis on 
which results can be scientifically analyzed. I term this ratio 
the “ actual efficiency” of boiler and furnace. 

The ideal efficiency for the Kewanee test is about 89 per 
cent. The combined efficiency of 80.95 per cent is, there- 
fore, about 91 per cent of that theoretically possible and 91 
per cent is, therefore, the real measure of the performance 
or actual efficiency of the unit. 


amount theoretically available is true measure of 


Judgment of furnace and boiler performance on a basis 
of the total heat in a pound of coal is really an unfair prop- 
osition and I propose to remove all handicaps and put every- 
one back to seratch by basing furnace and boiler perform- 
ance on the theoretical maximum. Advantages or disad- 


limits the range of efficient operation. The Kewanee tests 


differ from the Detroit tests in that at Kewanee the most 
efficient furnace capacity was exceeded at about 120 per cent 
of rating, whereas at Detroit the limit of efficient furnace 
capacity was not reached at 200 per cent. The most notice- 
able point of excellence at Detroit was the large combustion 
chamber, whereas at Kewanee it was the low flue gas tem- 
perature. 

The question of unit efficiency, or rather range of unit 
efficiency, is of great importance on account of its bearing 
en station economy. If a whole station is to be operated 
economically, it is essential that the capacity-efliciency curve 
of a unit be known, and a series of carefully conducted and 
analyzed tests is necessary to establish this curve. 
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The amount of coal required to keep a boiler banked must 
then be accurately determined. With this information and 
the boiler room load curve before him, the engineer is able 
to establish a scientific schedule of operation. 

The number of boilers in service should be such that each 
operates at or near its point of maximum efficiency, if the 
load on the entire station is practically constant, but as this 
is seldom the case, a certain range of unit capacity is nee- 
essary. When the point is reached where further decrease 
in unit capacity causes a decrease in eflicieney which will 
more than offset the loss of banking one boiler over the per- 
iod of low load, banking should begin. With increasing 
load, additional boilers should be put on as soon as the load 
becomes large enough to permit their efficient operation. 
This affords protection against an unexpected or early in- 
crease in load by keeping as many boilers as the line ean 
operate efficiently and also has every boiler thoroughly 
warmed up and all fires in good condition before the peak 
load comes on. For short peaks it will usually be found 
most economical to drive boilers to their maximum capacity, 
even if this is above the limit of efficient operation. 

After a schedule of operation has been developed, it is 
then necessary that each unit be operated as near to the test 
conditions as possible. The test conditions of draft, gas 
analysis, flue gas temperature and combustible in the refuse 
should be maintained as nearly as possible and this ean be 
done only by keeping continuous and accurate records and 
immediately locating and rectifying any condition that is 
not right. Reeords of coal burned and water evaporated 
should also be kept and the cause of any decrease in the 
evaporation followed up and removed. It is only by such 
methods that continuous maintenance of most efficient condi- 
tions is secured and in view of the fact that many boiler 
rooms having up-to-date equipment operate at between 50 per 
cent and 60 per cent efficiency, the importance of such meth- 
ods of operation cannot be denied. 

A high efficiency test, like the one under discussion, does 
not guarantee low steam cost in yearly operation. The fight 
is only well begun. O7 greater importance is the mainte- 
nance of those conditions that contributed to the high effi- 
ciency recorded. The apparatus here described could be so 
operated as to offset its inherent efficiency, so that the annual 
steam cost is really a factor, not only of the apparatus effi- 
ciency, but of the efficiency of the boiler room organization, 
which organization is extended to include the man paying 
the bills. 


H. Boyp Brypon thought that there was little doubt that 
on the 72-hour test No. 12, a gross efficiency approximating 
closely 81 per cent was actully obtained; but, before this 
figure could be used for purposes of comparison, account 
had to be taken of certain items, of which no mention was 
made in the paper, which had to be charged against this 
efficiency. One was the steam consumption of the engines 
operating the stokers, fans, ete., used for burning the coal. 
He hoped that Mr. Bannister would be able to add to his 
paper information as to the steam consumption of this aux- 
iliary equipment. Several approximate figures have been 
given from time to time as to the steam consumption of this 
type of stoker equipment, varying from 2 per cent to 4 per 
cent of the steam made by the boiler. In tests' of very large 


-boilers at Detroit made by Dr. Jacobus, the steam used by 


“Tests of Large Boilers at the Detroit Edison Company, D. S. 
Jacobus, Trans. Am. Soc. M. E., vol. 33, p. 565. 
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the stoker and its auxiliaries varied from 2.61 per cent to 
3.41 per cent in a series of seven tests, or an average of 
2.78 per cent. It would seem that approximately this per- 
centage should be deducted from the apparent efficiency of 
the combined apparatus, since the amount of steam thus 
used was not commercially available. 

It was not an answer to state that the exhaust from these 
various auxiliaries could be put into a feedwater heater, and 
most of the heat thus recovered. 
here in a plant test; 


We were not interested 
we were interested in the results as a 
boiler test and the steam consumption for this apparatus was 
greatly in excess of that required for operating some other 
types of stokers, chain grates for example. 

The results further appeared ta be open to some correc- 
tion in the matter of the 
cellaneous losses. 


amount of the radiation and mis- 


On checking the results with the Taylor 


stokers at Detroit against the figures here given, it was no- 


Fic. 3) View or INTERIOR oF THE Boiter Room 
ticeable that radiation and miscellaneous losses at Detroit 
averaged about 3.3 per cent for tests at approximately the 
capacity obtained in test No. 12 (see Table 16, Dr. Jacobus’ 
paper) ; for the Kewanee test, this item was given at 2.49 per 
cent. It was possible that radiation loss in the Kewanee 
tests was less than was the case in the Detroit tests, on ac- 
count of the exceptionally careful manner in which the boiler 
setting was lagged. On the other hand, the relative furnace 
volume in the Kewanee tests was very much smaller than in 
the Detroit tests as pointed out by Mr. Harrington, which 
would inevitably materially increase the unaccounted-for loss 
aside from radiation. 

Another item which entered into the costs of obtaining 
the efficiency given, which should be deducted in order to ob- 
tain the net efficiency of the process, appeared to be the 
amount of steam used in the soot blower. The speaker 
wished to be informed as to the frequency with which these 
were used during the 72-hour test and the length of time 
the valves were open; and if possible, the approximate 
amount of steam used in keeping the boiler clean. 

In explanation of the efficiency obtained advantage was 
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claimed for the low steam pressure employed. In test No. 
12, the average steam pressure was 117.6 lb. gage, or the 
boiler water was approximately at a temperature of 349 deg. 
fahr. The low temperature of the water in the boiler natu- 
rally promoted efficiency by rendering possible a low flue 
gas temperature, but this could be used only as indicating 
the necessity for correction before the test could be com- 
pared with others, as most of the important power houses 
of the present day are operating at pressures greatiy in 
excess of this. Assuming the same difference in temperature 
between saturated steam and flue gas, as in test No. 12, ap- 
proximately 63 deg. fahr., the final flue gas temperature for 
boilers operating at 200 lb. would have been about 450 deg. 
fahr. The effect of this would be to increase several of the 
losses by an amount aggregating approximately 2 per cent. 

While, therefore, the low steam pressure operated advan- 
tageously in this case, he thought that it could not be con- 
sidered to be practically useful, as the value of the higher 
pressure in reducing steam consumption would very much 
more than offset the improvement in boiler efficiency. 

If we apply the Detroit figure for radiation and miscel- 
laneous losses and for steam consumption of the stoker 
equipment, and correct the results for increased steam pres- 
sure, it would appear that 81 per cent should be reduced to 
approximately 7512 per cent. Such an efficiency obtained 
with western coal was an interesting result and one which 
must have afforded the designer of this equipment great sat- 
isfaction. The figure possibly represented about 5 per cent 
higher efficiency than was accomplished in every-day prac- 
tice in some of our large western power stations under sim- 
ilar conditions. It therefore became of particular interest 
to ascertain the cause of this improved economy, speaking 
of the test simply as a boiler test, not as a plant test. 

Two things appeared responsible for the improvement 
shown. The principal item, it was believed, was the use of 
a four-pass setting; the second was the vary careful lagging 
of the boilers. It was to be regretted that further informa- 
tion was not presented in the paper that an estimate might 
be made of the importance of these items. Unquestionably 
the use of a four-pass boiler was an economical improve- 
ment. 

From data at hand it would seem that considered as a gas 
cooler, the use of four passes might result in an improved 
economy of about 2 per cent, as compared with three passes. 
If this were true, there remained about 3 per cent improved 
economy, which presumably should be credited to the stoker. 
There was some doubt in the writer’s mind as to whether this 
difference would in every-day operation actually show any 
material saving over the chain grate when the fixed and op- 
erating costs of the very much more expensive equipment 
were considered. 

It was generally understood that in the case in point, im- 
portant economies had been effected as compared with the 
results obtained in normal operation of the pre-existing 
boiler plant. This was entirely probable and would be ex- 
pected with any modern boiler plant in comparison with an 
old plant. In the speaker’s own experience, monthly operat- 
ing figures in a somewhat similar case had shown that with a 
reconstructed boiler plant, double the load was carried for 
the same coal cost. 

If Mr. Bannister would favor us with data on the cost of 
repairs on these stokers, also on the means taken to prevent 
the accumulation of clinker on the side walls of the furnace 


and on the ease or difficulty of cleaning the fires and remov- 
ing ashes and clinker, the information would be of value and 
would enable comparison to be made with other types of fur- 
naces burning similar coals. 


R. H. Kuss (written). The paper prepared by Mr. Ban- 
nister deserves special consideration from the fact that it 
brings forward definite information respecting a combination 
of a boiler and furnace, previously untried in the Middle 
West where a coal of comparatively low native heat value 
is encountered. Considerable experience with the combina- 
tion has been accumulated in the Eastern States with high- 
grade bituminous coal, so that the novel features encount- 
ered in this series of tests spring really from the kind of 
coal employed rather than from any other feature. 

Even without correction or adjustment the efficiency re- 
sults are exceedingly good. It is, however, profitable to ana- 
lyze the results so that whatever benefits have come about 
may be properly distinguished and located. Certain critical 
items of the series of tests can be picked out to advantage. 
One of these is the low gas exit temperatures which argue 
a high percentage ot heat absorption; or, in other words, 
high true boiler efficiency. This is particularly accounted 
for by the baffling. 

During the 72-hour test, No. 12, temperature readings were 
taken regularly at points above and below the fourth pass. 
The averages of the calibrated readings showed a tempera- 
ture difference of 67.4 deg. fahr. which indicates a heat ab- 
sorption of a little above 2 per cent of the heat value of 
the fuel. 

If it is conceded that the last pass is responsible for this 
amount of heat saving, there is still to be accounted for a 
very appreciable amount above that usually encountered with 
standard three-cross pass boilers. The conclusion is inevit- 
able that the baffling of the first three passes contributes in 
no small degree to the general high efficiency results, or a 
temperature as low as 470 deg. fahr. would not have been 
encountered at the end of the third pass, even crediting the 
setting with special provisions against radiation and air leak- 
age. It is clearly shown that for good absorption results, 
18 ft. tubes are not necessary for three-cross pass boilers, 
provided the baffling is such as to employ the heating sur- 
face to advantage. I believe that one of the most important 
items of design is the selection, in this installation, of an in- 
clined flame plate instead of the usual flame plate at right 
angles with the tubes. Fig. 1 of Mr. Polakov’s paper on 
Task Setting for Firemen' can be studied to advantage in 
connection with the baffling employed at Kewanee. 

It is obvious that the tube proportions could not have been 
duplicated without the inclined first flame plate, and this 
test series, combined with the close scrutiny of many other 
four-pass installations, causes us to econelude that it is not 
possible to create a suecessful four-pass setting with all of 
the baffling at right angles with the tubes, even when using 
20 ft. tubes unless it is understood that the setting is to sac- 
rifice a large part of its elasticity in capacity possibilities. 
If this conclusion is correct, then the next question to be 
determined is an adequate security against baffle leakage and 
general baffle deterioration. The use of tile resting against 
metal supports in an inclined position is not successful in 
the construction of the inclined flame plates. Recourse is 
best taken to building the first flame plate especially by the 


'The Journal, Am. Soc. M. F., December, 1913, p. 1734. 
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older, more costly and perhaps less attractive method of 
“ grouting” in position baffles made up of plastic refractory 
material reinforced with metal as was done in the installa- 
tion at Kewanee. That this method made possible the loca- 
tion and protection of soot blower pipes is worthy of note, 
though the main reason for the selection of this construc- 
tion came from a desire to create a tight baffle in an inclined 
position. 

A study of the draft losses in the boiler as a whole per- 
mits interesting speculation, though it is unfortunate that 
no analysis of the draft throughout the setting was possible, 
owing to avoidance of soot dusting doors or special openings 
for that purpose. Based on observation taken in other in- 
stallations, it may be stated with accuracy that the draft 
losses in a four-cross-pass setting for a boiler of a given 
size, using 20-ft. tubes suitably battled, is no greater than for 
a three-cross-pass setting for a boiler of the same size. It 
is accounted for by the fact that in the three-cross-pass de- 
sign, needless or useless draft losses are created before the 
gases enter the damper frame; in the vertical exit around 
drums, because the areas are placed at a disadvantage to the 
natural direction of gas travel and in the rear exit type, 
owing to the necessity of the gas passing through a great 
many rectangular openings between circulating tubes placed 
before the damper opening. 

In order to apply the foregoing statement, it its well to 
note that the first flame plate must be in an inclined posi- 
tion with respect to the tubes and not at right angles with 
the tubes when dealing with the four-cross-pass arrangement. 
I wish to point out that the same draft intensity at the 
damper frame is not provided for the same chimney propor- 
tions, comparing the two types of installations, owing to the 
lower gas temperatures in a case of a four-pass boiler; there- 
fore, to make possible the same draft intensity at the fur- 
nace or at the damper opening, the draft-creating facility 
should be increased for the four-pass scheme by an amount 
at least equal to the temperature difference equivalent in 
chimney height. 

It is worth comparing the proportions of two installations 
of the same size, using the Kewanee design as one, and the 
more familiar three-cross-pass boiler setting of the same 
furnace width as the other. Such a three-cross boiler of ap- 
proximately the same horsepower would have 312 four-inch 
tubes 18 ft. long; there would be two drums instead of three, 
lest the gas passages around the drums be too much re- 
stricted in area. It is, of course, possible to select a wider 
boiler not so many tubes high to obtain the same horsepower 
rating, in which case the areas around the drums would be 
larger but still not large enough to afford ample space for 
the use of three drums. 

The ratios of the dimensions of two such boilers would be 
as follows: 


Kewanee Typical Three- 


Boilers Pass Boiler 
Heating surface, sq. ft.............. 6130 6200 
19 ft.10'4 in. 20 ft. 9 in. 
Width of cutting... 15ft. 7 in. 15 ft.7in. 
Length of setting. 23ft. O in. 21 ft.Oin. 
Contents of setting, cu. ft........... 7130 6758 
Contents water and steam space, cu. ft. 1064 929 
Contents water space, cu. ft......... 825 766 
Contents steam space, cu. ft.......... 242 163 
Steam disengaging surface, sq. ft... .. 192 127 
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These figures show little difference in the setting dimen- 
sions but a rather large difference in the cubical contents of 
the two types of installations. Where the water conditions 
are severe the importance of these proportions are quite 
manifest. 

Aside from the greater economy in the absorption of heat 
due to four passes in place of three passes, several other im- 
portant advantages are: 

a The breeching is below the boiler; consequently the boiler 
room may be somewhat lower than for a three-cross-pass 
setting; the breeching is out of the way of piping; 
heated air surrounding the breeching due to radiation 
ean be carried direct to the furnaces beneath the boiler 
room floor; the boiler room is cooler. 

b The cleaning of soot from tubes more effectively done be- 
cause the gas passages are less in width. 

c Where the plant arrangement permits, the space between 
the normal boiler room floor and the rear boiler header 
ean be used for breeching construction. Almost the en- 
tire setting behind the furnace bridgewall is of little 
use in the three-pass setting; the brick cost, air infiltra- 
tion and radiation losses of these walls can be largely 
done away with by constructing the breeching immedi- 
ately behind the furnace bridgewall. By the same de- 
sign there is created a boiler room floor level behind and 
between the settings, from which soot blowing, washing, 
blowing-down, ete., can be accomplished without the use 
of platforms or ladders. The disadvantage of two ele- 
vations disappears if the engine room floor is of a higher 
elevation than the boiler room, and provided that the 
engine room is located behind the boiler room. The 
setting cost plus breeching cost is less than for a nor- 
mal three-pass setting plus a breeching. 


T. A. MarsH (written). The wide variation in the analy- 
sis of coal reported in the Detroit Edison tests' suggests the 
desirability of reporting the analysis obtained by the Na- 
tional Tube Company in comparison with those obtained by 
Robert W. Hunt & Company for each sample. No mention 
is made of the type of calorimeter used in either laboratory. 

It is mentioned that it was “ possible to properly regulate 
the air supply by observing the smoke condition,” but this 
smoke condition is not defined; in Chicago we are very in- 
terested in it. From observations of similar settings, the 
writer would expect objectionable smoke except at low rat- 
ings, and I would inquire as to the performance ir this re- 
gard. At what ratings would the stack violate the Chicago 
ordinance? It may be possible when individual stacks are 
used to regulate the stoker by the smoke, but the inconveni- 
ence of observation from the firing floor and the restricting 
smoke ordinances in most cities present objections to this 
practice. 

I should like to inquire as to the steam consumption of 
the fan and stoker engine. On the Detroit Edison tests this 
item varied from 2% per cent to 3% per cent of the total 
steam developed. It would be interesting to know if the 
western fuel conditions cause any increase in this percentage. 

No mention is made in this report of maintenance costs. 
It is quite possible that the installation has not been in op- 
eration a sufficient length of time to reach conclusions. How- 
ever, the maintenance cost of this type of stoker is high 


1 Tests of Large Boilers at the Detroit Edison Company, D. 8S. Ja- 
cobus, Trans. Am. Soc. M. E., vol. 33, p. 565. 
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whenever pressure in the furnace chamber is obtained. The — signer against radiation losses, high stack temperatures, poor 


record submitted indicates the probability of pressure in the 
furnace as the average furnace suction in test No. 12 is indi- 
cated as low as 0.011 in. water, and to obtain an average so 
nearly neutral some observations must have indicated actual 
pressure in the furnace. 

The New York Edison Company have repeatedly been re- 
ported by the press as having spent one-half million dol- 
lars for cost of equipping stack connections with cinder 
catchers to avoid a nuisance resulting from high forced blasts 
on stokers ot the This company 
claimed at times as much as 3 per cent of their fuel was 
passed out of the furnace and lost as far as heating effects 
were concerned, 2 per cent of which was deposited in boiler 


type being discussed. 


passes and breechings and 1 per cent was actually discharged 
from the stacks. If such results oecurred at Kewanee some 


ot the heat balances reported are impossible. 


A. BEMENT!' wished to know whether the total or the avail- 
able hydrogen contained in the coal was considered when 
calculating the loss, due to the water tormed by this con- 
He also asked how 


He expressed his opin 


stituent in the products of combustion. 
the fires were cleaned and how often. 
ion that the high results that were generally attained at the 
present time with boilers under test were due more especially 
to improvement in furnace design and in operation than to 
any of the other factors. Except for CO it was impossible 
to determine the loss due to combustible elements in the stack 
gases. Hence this item of loss had been charged to radia- 
tion, or radiation and unaccounted for losses, which made 
the matter of radiation a factor of very elastic proportions. 
He also commented on the fact that the tendency was to get 
low heat measurements with low capacities and high meas- 
urements with high capacities, due to the changing of the 
center of gas travel with different velocities and volumes. 
He stated that the question of the number of passes in a 
boiler was an important study and that the present tendency 
seemed to favor the four-pass arrangement as opposed to a 
He had designed a five-pass boiler with 18-ft. 
tubes, although he thought in such a design a 20-ft. tube 
would be more desirable. 


lower number. 


F. G. Gascue’ (written). In reviewing the paper by Mr. 
Bannister, a higher appreciation of the results will follow 
the consideration of the difficulties attending the use of IIli- 
nois fuels high in ash and moisture content. These elements 
of a fuel are not simply inert materials so far as heat value 
is concerned, but they constitute a decided encumbrance in 
the effective utilization of the combustible matter. This det- 
rimental influence of ash and moisture is being recognized 
by the growing practice of assigning a “ figure of merit” to 
a given fuel such that the heat content is not the sole basis 
for estimating its value in commercial applications. 

The suecess of Mr. Bannister in using a coal containing 
approximately 20 per cent ash and 15 per cent moisture 
with the accompanying boiler and furnace efficiency exceed- 
ing 80 per cent is probably without precedent in steam engi- 
neering in this region. Analysis of the heat balance for the 
72-hour test reveals that the several elements leading to a 
higher boiler and furnace efficiency have been considered 
with unusual care. The exhibit is sufficient to warn the de- 


1 Consulting Engineer, 206 S. La Salle St., Chicago, 111. 


2 Mechanical Engineer, Illinois Steel Company, Chicago, III. 


furnace conditions and every other indulgence of past in- 
stallations. 

The especial precautions in the way of numerous correc- 
tions to leading results have the merit of strict conformity 
with the A. S. M. E. Code for conducting boiler tests. The 
application of these corrections will, no doubt, continue with 
due respect to their origin, but it would seem worth while to 
consider the measure of the performance of a boiler as a 
physicist would look on such an experiment. In this way a 
boiler test is to be considered chiefly as a measure of rates 
of delivery of coal, water and heat. 

If the accumulating deliveries of fuel and water are re- 
corded graphically with possibly hourly corrections for water 
levels, ete., there can be shown two curves for which an aver- 
age inclination can be assigned. The rates of delivery of 
coal and water thus established would scarcely be affected by 
the corrections ordinarily applied to aggregate results of a 
boiler test. For nearly all purposes they could be ignored. 
This manner of deriving the results of boiler performance 
would eliminate or at least minimize the effect of conditions 
in the furnace at the start and at the finish of the test, which 
conditions frequently impair the significance of total quan 
tities. 

About ten years ago I succeeded in obtaining 78 per cent 
overall boiler and furnace efficiency by the use of dust fuel 
and a special type of furnace in connection with a water- 
tube boiler. Owing to difficulties in maintaining the furnace 
construction the process did not, at that time, develop into a 
commercial success, but the investigation was one of the 
early indications that, providing proper furnace conditions, 
it was possible to burn Illinois coal with its encumbrance of 
18 per cent ash and about 14 per cent moisture with an ex- 
cess air supply searcely exceeding 12 per cent of the theo- 
retical requirements of the fuel. Speaking as an individual, 
since I cannot claim the especial espionage or guidance of 
directive agencies in the steel business in the analysis of any 
phase of the power plant question, I will say that there are 
a number of steam boiler plants in the steel business where 
very commendable results are obtained. In codperation with 
four engineers in lines of endeavor similar to my own I have 
had the privilege and the responsibility of reporting upon 
the physical condition and ostensible performance of a great 
many boiler plants connected with steel manufacturing. 
There are a number of such plants where the average month- 
ly performance shows an overall boiler and furnace efficiency 
somewhat exceeding 70 per cent. 


J. C. BANNISTER' (written). As the individual upon whom 
rests the responsibility for the actual economy of operation 
of this boiler plant, I am not so deeply concerned with what 
form the efficiency curve would assume under certain condi- 
tions, which have been suggested, or with what the discrep- 
ancies between government reports of the value of the com- 
bustible in Fulton County coal and the value of the com- 
bustible in the coal which was used in these tests, as deter- 
mined by our actual analyses, were; but I am deeply con- 
cerned in the actual daily operating efficiency of this plant 
and the actual amount of coal, such as it is, which is being 
consumed. For this purpose, and anticipating some ques- 
tions along this line, a very careful record has been kept 
during the months of October, November and December, cov- 


1Manager, National Tube Co., Kewanee Works, Kewanee, Ill. 
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ering the actual operation of this boiler house, with a cal- 
culation of the evaporation and coal consumed per boiler 
horsepower-hour during those months. I have these figures 
before me, but before giving them to you I think it would 
be well to state to you what the real problem was which con- 
fronted us when this boiler house was designed. 

First of all, our loads are practically constant for any one 
day of operation. We have a slight increase during dark 
weather and during the winter months at morning and even- 
ing, due to the lighting load, but the load curve is compara- 
tively flat throughout each working turn. For this reason it 
was not necessary to take into account so strictly the capac- 
ity of the proposed installation for handling enormous peaks 
by running the boilers at extreme overloads, as it is in the 
ease of lighting and railway plants. We had to provide for 
a maximum demand of from 2700 to 3000 boiler horsepower, 
using only three of the four boilers at any one time. This 
meant that at the worst no boiler would be called upon to 
develop more than 166°/, per cent of its rated capacity. We 
also knew that we would be obliged to burn a fuel in the 
form of slack, which at the very best would not contain more 
than from 9300 to 9700 B.t.u. per lb. as fired, and that this 
fuel would contain from 13 per cent to 16 per cent moisture 
and from 19 per cent to 22 per cent ash, with about 412 per 
cent hydrogen and 3'/, per cent sulphur. We also knew that 
it would be possible, on account of the nature of the prime 
movers in the plant, to use only a limited amount of super- 
heat and very moderate pressures, and that the only exhaust 
steam available for feedwater would be from the pumps 
and fan engines. Considering all these things, the apparatus 
which was selected, and which has been described in this 
paper, seemed to us to be most suitable to our needs. It 
may be that equally good results could have been obtained 
with other equipment, with this same fuel, but I question 
whether it has ever been done. 

The tests which were made last spring were, as the author 
has stated, for the purpose only of proving contract guaran- 
tees, and were admittedly too short to be used as a basis for 
final conclusions. They were, however, of such a gratifying 
character that we have been importuned by not only inter- 
ested parties, but many disinterested parties, to give the re- 
sults publicity. Before doing so we felt it necessary to con- 
duct the test which was made in October, and which was of 
sufficient length and so surrounded with all of the possible 
safeguards as to make us feel sure that the result obtained 
would be unquestionable. The author has given these re- 
sults in his paper, has pointed out what seemed to him the 
operating eauses for the high efficiency, and has also sug- 
gested some possible conclusions which may be arrived at 
from this test under conditions somewhat dissimilar from 
those under which the test was conducted. Whether he is 
right in those conclusions or not may be a question in some 
minds, but I think there can be no question as to the conelu- 
sions reached upon the test itself. Furthermore, I am glad 
to be able to report that the operations during the three 
months of which I have spoken, October, November and De- 
cember, have also shown very gratifying efficiencies. The 
figures which follow are compiled from the accounting de- 
partment’s records for these months. 

First, as to the evaporation: We have two checks upon 
the water fed to our boilers. In the first place it is all meas- 
ured through venturi meters which have been calibrated by 
weighing tests and the integration of these meters is cor- 
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rected for temperature and a slight inherent error. We com- 
pare these meter readings with the actual measurements of 
water fed to our purifying plant, which is an intermittent 
system and into which the water is correctly measured in 
60,000 gal. units. The discrepancy between the results ob- 
tained through these two methods is surprisingly small. From 
the total water fed thus obtained we deduct a certain amount, 
which has been predetermined by experiment, for the water 
blown down and used in refilling boilers; and thus obtain, 
approximately, these amounts of water actually evaporated 
for the respective months: Oetober, 26,514,200 Ib.; Novem- 
ber, 19,278,750 Ib.; December, 20,428,550 Ib. 

On our coal we also have two checks. One of these is the 
actual weights of coal delivered to the boiler house as taken 
from the mine weights and the weights reported by the offi- 
cial weighmaster at Kewanee, deducting at the end of each 
month the excess on hand over stock inventoried as on hand 
at the beginning of the month. Second, we have found dur- 
ing the entire period of all of the tests which we have run, 
covering altogether 172 hours, during which coal was ac- 
tually weighed, that the total weight of coal so weighed to 
the stokers divided by the total number of revolutions of the 
stokers resulted in a constant factor of 11042 lb. Each 
stoker is equipped with a revolution counter, and readings 
are taken from these counters daily. At the end of the 
month the aggregate revolutions multiplied by 110!2 gives 
the total amount of coal fed to the stokers. It may be a sur- 
prise to learn that the discrepancy between the calculated 
weights as derived from the shipping weights and the 
monthly inventory, and that derived from the revolutions of 
the stokers, has been for the three months in question less 
than 1 per cent of the total. 

From these data the water fed to the boilers, as determined 
by the methods described above, and the coal as determined 
by the methods just cited, we arrive at the coal consumed 
per boiler horsepower-hour for these three months, which 
has been: 4.53 lb. in October, 4.71 Ib. in November, and 
4.49 lb. in December. The average evaporation for the three 
months per pound of coal fired was 6.902 lb. 

Now, using the same figures for water and coal, and allow- 
ing to the coal as fired an average value of 9500 B.t.u. per 
lb., the operating efficiencies have been 77.7 per cent in Oc- 
tober, 76.3 per cent in November, and 78.5 per cent in De- 
cember. The actual hours during which these boilers were 
fired during these three months were 1165, 1077 and 987, ag- 
gregating 3229 hours, which is only 49 per cent of the total 
hours for three boilers during those three months. When it 
is considered, also, that the three months in question were 
not ones of the highest activity in our business, so that while 
three boilers were in use on some days and only one on 
others, and that it was only necessary to fire one or two boil- 
ers at any time during the night turns, all of which added to 
the standby losses during this period, I think it will be ad- 
mitted that ‘the operating efficiencies have been fairly satis- 
factory and compare favorably, conditions considered, with 
the efficiency obtained in the 72-hour test. While we realize 
that our former steam plants were by no means economical, 
personally I cannot help feeling a sense of pleasure in the 
fact that this installation has already begun to save us in 
the matter of fuel alone at the rate of at least $30,000 per 
year, or at the rate of more than $10 per horsepower-year. 


Tue AvutHor. If we could incorporate Mr. Harrington’s 
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“ideal or actual efficiency ” in the boiler code, as advanced 


by The American Society of Mechanical Engineers, I would 
be greatly pleased, and am ready to use such a standard for 
all boiler tests. Whether or not the theory advanced by Mr. 
Harrington that the radiation and miscellaneous loss in- 
creases with the load is correct, | frankly confess a lack of 
knowledge of flame propagation which would decide this 
question. However, it is hardly logical to use the actual 
radiation and miscellaneous loss for each test, as these fig- 
ures are based upon tests which are admittedly too short to 
be reliable. We know that this item of radiation and mis- 
cellaneous loss is made up chiefly of two losses: one due to 
radiation from exposed surfaces, the second due to uncon- 
sumed hydrocarbons. The first loss is certain to inerease 
with the load, if expressed in absolute heat units, but when 
expressed in percentage of heat in coal burned, the loss de- 
creases with the increase in rate of firing. The second loss 
is indeterminate as it cannot be measured by the usual test 
methods. This second loss may or may not inerease with the 
load, depending upon the nature of combustion in the com- 
bustion chamber, and whether or not the maximum furnace 
eflicieney or combustion chamber efficiency was exceeded in 
However, both the actual 
and created efficiency figures are submitted in the report so 


these tests is an open question. 


there need be no serious difficulty arising from this point of 
disagreement. 

I do not know what the steam consumption of the 
fan engine was. As these tests were conducted to deter- 
mine only the boiler, furnace and stoker efficiency, tlie 
net efficiency of the plant was not considered. Had the 
net efficiency of the plant been considered I would still 
disagree with Mr. Bryden in his statement that from 2!5 
per cent to 3! per cent should be subtracted from the 
eflicieney figures as shown, due to the steam consumed by 
the fan engine, as this steam after losing perhaps 7 per cent 
of its heat energy is delivered to the feedwater heater, which 
consumes all of this steam. Thus a very small portion of 
the fan engine steam is lost as that heat which is put into 
the feedwater would otherwise be supplied by the boiler for 
which coal would be burned. In some instances where suffi- 
cient exhaust steam is available to heat feedwater without 
the use of exhaust from the fan engine, there would be an 
appreciable loss, due to this steam consumption, but I believe 
that each case must be considered separately in order to es- 
It would 
also be logical to consider steam consumed by feedwater 
pumps in figuring the net efficiency of the plant. 

Since the tests were made the steam consumption of the 
soot blowers has been found to be at the rate of 43,200 Ib. 
per hour per boiler. The tubes on each boiler are blown for 
about 10 seconds at a time at 8-hour intervals, which gives a 
total consumption of 360 lb. per boiler per day. 

Little or no diffieulty has been experienced in handling ash 
or clinkers since the method of handling has been worked 
out and a system adopted which allows for dumping before 


tablish the value of steam used by fan engines. 
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a hot clinker has worked across a dumping plate and become 
glued to the bridgewall. It would be a very simple matter 
to make this clinkering a burdensome process if the proper 
time for dumping the clinker were not observed. As to the 
frequency of dumping, the following figures will serve to il- 
lustrate approximately : 

“ Ash and refuse represents approximately 25 per cent of 
dry coal fired, and 1100 Ib. of ash are dumped at each clean- 
ing period. Thus approximately four times as much weiglit 
in coal is fired as is represented by the weight of the ash, or 
4400 lb. of coal per period of cleaning. Knowing the rate 
of firing, the length of cleaning period may be established.” 

As stated in the text of the report, pop-offs occurred 
through the pop-valves on the*boiler proper, although there 
is a pop-valve on the superheater outlet, which originally 
was set several pounds below the valves on the boiler proper, 
but due to a slight accident to this superheater valve it was 
not set in this way for the tests. 

Contrary to Mr. Marsh’s belief, that objectionable smoke 
occurred except at the lowest loads, it may be stated that 
with the increase in load the ease with which no smoke may 
be maintained is increased. At no load was it at all difficult 
to maintain combustion without any apparent smoke. How- 
ever, | have found that the point of most efficient combus- 
tion occurs when there is a slight haze of smoke over the 
stack, which shows up as the amount of blast is reduced after 
the fire has been burning without smoke. No trouble has 
been experienced in blowing cinder out of the stack. Con- 
siderable fine ash is blown over the first baffle and some is 
carried to the base of the stack, but we have observed no 
similar deposit of ash outside the gas passages. 

Answering Mr. Marsh as to the kind of calorimeter used 
in analyzing the coal, R. W. Hunt & Company used a 
Mahler-Atwater oxygen bomb, and the National Tube Com- 
pany a Parr calorimeter, which has been thoroughly checked 
by standard methods and which gave figures that compared 
very well with those given by R. W. Hunt & Company, on 
similar coal samples. 

In ealeulating the heat loss due to burning hydrogen in 
coal, the total hydrogen was used as we had this figure from 
our ultimate analyses but had no analyses which showed the 
chemical combination of this hydrogen with other elements. 

One of the chief items of saving made possible by the in- 
stallation of the boiler house described in this report was 
that of labor. During the 12-hour day shift one man han- 
dles all the coal and ash that must be handled for the 24 
hours. This means removing all the coal from the ears and 
placing in the bunkers, and removing ash from bunkers under 
stokers, and placing in cars for shipment. There are a‘ all 
times two men upon the boiler and auxiliary room floor. 
Thus we have during the 24 hours five men who do ail the 
required work in connection with this plant, including clean- 
ing idle boilers and small repairs, each man working 12 
hours. 
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LARGE STEAM POWER PLANTS 


Abstract of Topical Discussion Presented at 
the Chicago Meeting, March 18, 1914, 
by I. E. Moultrop, J. W. Parker, 
John Hunter and W. L. Abbott 


I. E. Mouurrop’s talk concerned the boiler room, to 
which the present-day engineer is directing a great 
deal of attention to secure better economy. This is as 
it should be, because the operation of the boiler room 
will show in increased fuel economy the increase of 
skill and intelligence devoted to that part of the plant. 

The majority of plants are subject to great and 
sudden variations in load. In the electrical end of the 
station there are all sorts of instruments which are 
closely accurate, but only recently has some thought 
been given to installing instruments in the boiler room. 
Originally, all that a man had was a water glass and a 
steam gage. A visual load indicator was then added 
and the next instrument was a device that has created 
a lot of discussion, the CO, recorder. This is a delicate 
instrument, and where it has been put into the boiler 
plant and received the best of care and attention, it 
has been of some use. But it is naturally a laboratory 
instrument and not for the average fireman. The diffi- 
culty is to get a fair sample, as the qualities vary 
greatly in different parts of the cross-section of the gas 
passage. A sample taken from one place may be very 
different from that taken from another point in the 
same flue at the same time. 

One of the most satisfactory instruments now in use 
is the steamflow meter. Using it in connection with 
draft gages, draft regulators, feedwater regulators, 
etc., the fireman can operate a boiler plant with much 
intelligence. 

In the usual large station a high chimney is neces- 
sary to carry off the gases. Ordinarily the height re- 
quired for this purpose is enough to give the draft 
needed under normal conditions. But the exacting re- 
quirements of public utility plants call for more posi- 
tive control over the draft, and ability to meet sudden 
demands for load calls for foreed-draft apparatus. 

A good arrangement is a plant that will run on nat- 
ural draft, with some cheap apparatus for increasing 
materially the draft to meet peak loads or unexpected 
demands. At the L Street Station in Boston the situa- 
tion has been met by using Murphy stokers, closing up 
the ashpit and creating forced draft with steam jets. 
The load is carried on natural draft up to 150 per cent 
of rating. Above that the ashpit doors are closed, the 
steam blower turned on and it is possible to reach 300 
per cent of rating, or over. Boilers have been taken 
from 125 up to 300 per cent inside of 5 minutes. 


In the past too much attention has been given to the 
operation of the turbine or engine room and not enough 


Presented at the Chicago local meeting of The American Society 
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to the boiler plant. The usual practice has been to put 
the high-priced and high-grade engineer in charge of 
the generating room and hire some brawny individual 
to shovel coal into the boiler. The economy of the tur- 
bine room is mostly in the hands of the designing engi- 
neer. In the fire room the constructing engineer does 
not have much control over the economy. When it is 
considered that from 60 to 70 per cent of the cost of 
putting a unit of electrical energy upon the bus bars 
is spent in the fire room it does seem that this is the 
place to have the most skilled help. The fire-room job 
has been dirty, under-paid, uncomfortable, unpleasant 
and unattractive in every respect. The mechanical 
stoker has changed this in many respects. The boiler 
room should be arranged to do away with all of the 
manual labor, make the place light and clean, and give 
the man in the fire room sufficient instruments so that 
he ean tell what he is doing. This will make the job 
attractive to a young man and it will be possible to get 
better help in the fire room. 


J. W. Parker spoke of the immense units at the Del- 
ray plant of the Detroit Edison Company and their 
operation, and those to be installed at their new station 
at Conners Creek. It was his opinion that the large 
boiler had created a good deal of criticism just because 
it was large. Some people object to putting so many 
eggs into one basket, but quoting from Mark Twain, 
he preferred to put them all into one basket and watch 
the basket. Boilers are more reliable units than steain 
turbines. It is possible to lose a large turbine much 
quicker than a large boiler. The company had never 
lost one of its large boilers when it was needed, and 
during a peak, never had a tube burst. 

As to tube troubles, the water was not very bad. In 
a year or 18 months, upon opening a boiler about '/,, 
in. of sulphate scale was found on the front tubes. 
With a unit driven only during the peak at about 175 
per cent of rating, '/,, in. of scale is not serious, but 
with the double-ended boiler the trouble from radia- 
tion seems to be greater. Everything is radiating right 
at the front tubes and when running at 200 per cent 
of rating very little scale is permissible. The only 
trouble in this direction had been a small bag about 
the size of a quarter and this was not discovered until 
the unit had been cut out and inspected. 

Even '/,, in. of scale is too much to stand for, how- 
ever, and the water should be cleaner. A small amount 
of barium hydrate had been used but Mr. Parker was 
in favor of using distilled water for make-up. It does 
not cost much except the radiation from the distilling 
apparatus because it is possible to distill the make-up 
under vacuum. By using it the amount of blow-off 
ean be reduced to 2 per cent. Trouble from corrosion 
can be lessened by feeding a certain amount of lime 
into the boiler. 

In reply to a question by Mr. Hunter the speaker 
said that they had used compound much as people buy 
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and take patent medicine, getting enough foam to 
cause flooding of the superheater tubes and their con- 
stant burning. The barium hydrate is fed in the same 
Way as any compound and it controls the scale forma- 
tion in the same way, but avoids foaming. The barium 
sulphite precipitate was so fine that it could not be 
filtered out, and they were using a little sodium in com- 
bination with it, but this compound was simply used as 
a makeshift until the experiments on the practicability 
of using distilled water for make-up had been worked 
out. 

One of the advantages of a large boiler is that the 
company can afford to use more instruments, employ 
better men and thus pay more attention to each single 
boiler unit. 

The Detroit Edison has just started the foundations 
for a station of 120,000 kw. normal capacity. It will 
have 12 boilers of which each will ordinarily care for 
10,000 kw., and there will be no spares in the plant. 
By installing foreed-draft apparatus and by taking 
care that the stacks and breeching are ample, it will be 
possible to get 250 per cent of rating out of each boiler. 


Each turbine is served by two units and running at the 


above rate one boiler out of every four could be spared. 

The boilers at Delray have done so much more than 
was expected of them that there is too much boiler ea- 
pacity. During the peak season of 1913 no banked 
boilers were carried, which, of course, means a large 
saving. It is hard to realize how much of a disadvan- 
tage a low load factor is. Boilers which show high effti- 
ciency under a constant load will not show up as well 
under variable conditions. 

To take advantage of the possibilities of large units 
it is necessary to study conditions. At Delray they 
started in with boiler tests and studied carefully the 
things that seemed to be indicative of good efficiency. 
In this connection the CO, machine has been a most 
valuable instrument. They had been able to keep it 
running and firemen trusted it. Samples are drawn 
from four different points in the setting and are mixed 
automatically to obtain an average sample. The re- 
corder is mounted on the front of the boiler where the 
firemen can watch it. There are also steam-flow meters 
and draft gages, but Mr. Parker did not know of any 
better instrument than the CO, recorder to show good 
firing and poor firing conditions. The flame is watched 
where it leaves the furnace and enters the first pass. 
If there is a slight haze there it means that there is 
some slight flame over in the pass, and if it gets a 
little bit heavier there is danger that the gases will be 
cooled down and go out before the combustion is com- 
plete. 

It is possible to get a beautiful looking combustion 
chamber and a good looking second pass by using an 
excess of air and still have bad combustion. There is 
no better way to detect it than by the use of the CO, 
machine. From 131% to 14 per cent of CO, is obtained 
as an average when the boilers are running steadily. 
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Conditions are disturbed a little about noon and the 
records show perhaps 10 per cent. As the boilers are 


run harder the CO, rises. It is common to get 16 to 


161% per cent at 225 per cent load, and checking with 
the Orsat, there is no more than a trace of CO. It is 
not a good idea to draw two lines on the CO, chart and 
tell the men to keep between them. 

As at first installed the control apparatus of the big 
boilers was clumsy to handle. The damper was han- 
dled from a gallery 20 ft. above the men’s heads. They 
had no steam-flow meter. Efforts have been made ever 
since to bring the control under the hand of the fire- 
man so that he will have all the advantage that a test- 
ing engineer has when he is running a test on a boiler. 
The men can control everything from one point and all 
the instruments are on one board. 

It has naturally come about that everything is hand- 
controlled and automatic regulation has not been tried 
because it was desired first to find out what there was 
to do. It would then be easy and desirable to install 
automatic apparatus. 

With hand control it is possible for one fireman to 
handle two of these large boilers. In addition there is 
a roving fireman over every nine boilers. Firemen who 
have been in the service 2 or 2144 years are receiving 
40 cents an hour and the company is rapidly getting to 
a point where the highest priced and brainiest men 
must be placed in the boiler room. Ordinarily a change 
from the boiler room to the engine room has been con- 
sidered a promotion, but under the new conditions the 
engine room will have dropped to a secondary place. 
In making transfers it is important that the men realize 
this, as otherwise there is apt to be trouble and dissat- 
isfaction. 

As expressed by Mr. Stott at the annual meeting of 
the Society in New York, it would be a fine thing to 
have college graduates for firemen. This is not impos- 
sible by any means: the dirty work could be handed 
over to helpers and the real brain work entrusted to 
them. A preliminary training of this kind in the boiler 
room for a year would be invaluable and to the right 
kind of a man the job would be so interesting and worth 
while that he would be willing to do the actual firing. 


Joun Hunter spoke of the construction and develop- 
ment of large steam power plants: In St. Louis this line 
of work has been arrested for the past two years due 
to the development of the large hydroelectric plant at 
Keokuk, from which 60,000 h.p. is transmitted over 
two transmission lines, at 110,000 volts, to St. Louis, 
a distance of 145 miles. At a substation in St. Louis 
County this is stepped down to 13,200 volts, 30,000 
h.p. being delivered to the street railways company and 
30,000 h.p. to the lighting company. The lighting 
company’s energy is carried underground at this volt- 
age, a distance of 7 miles, to a substation adjacent to 
the main steam generating plant, where it is stepped 
down to the steam-generating voltage of 6600. In the 
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steam station there are three distinct systems of serv- 
ice: the street railways 25-cycle, the Union Company’s 
service for industrial power and business lighting, 
which is changed to direct current, and 60-cycle service’ 
for residence lighting. The water power energy is con- 
nected directly onto the present bus bars of the steam 
generating system, the two systems floating together in 
parallel. 

To insure continuity of service the steam station has 
been maintained as a standby ready to pick up the 
water power load in the shortest possible time. The 
prime movers are either in on the bus bars, or floating, 
ready to pick up the load, which is an easy method of 
operation. The condition is much different in the 
boiler room. It was found from test that it would 
take 130 lb. of coal per hour to bank the fires in each 
boiler and hold it at about 60 lb. steam pressure, and as 
all of the boilers are equipped with chain grates, which 
are slow-moving units, it would require about 30 min- 
utes to bring them in on the header with the fires in 
such condition that they could maintain the desired 
capacity. 

To bring the boilers quickly into service at less cost 
a unique system of keeping the water hot in the reserve 
boilers with fuel set on the grates ready to ignite at a 
moment’s notice was developed. A tank with a steam 
coil was placed in the basement directly below the bat- 
tery of standby boilers. The blowoff headers from 
these boilers were connected to the bottom of the tank 
and the top to the superheater connections to the steam 
drums. The difference in elevation of these two con- 
nections to the boilers caused an easy circulation. The 
steam coil in the tank was connected to a drain of one 
of the main steam headers of the standby boilers which 
were kept alive for emergency service. This connec- 
tion not only served to drain the header but also to 
heat the water for the idle boilers, and maintain it at 
a temperature of about 212 deg. fahr. at a cost by test 
of the heat equivalent of about 121% lb. of coal per 
hour. The boilers can be cut into service and maintain 
their capacity in about 15 minutes. 

Quick ignition of the fires has been solved by laying 
on the grates, which are 10 ft. by 10 ft., two rolls of 
oily rags, crosswise and lengthwise, covering the re- 
mainder of the grate with a high-grade washed nut 
coal about 114 in. in size to a thickness of 9 in. Kin- 
dling wood soaked in oil is placed on the top of the 
coal. This fuel may stand any length of time without 
fear of deterioration or cost. On ignition it quickly 
bursts into flame and the generation of steam is thence 
rapid. 

In maintaining hot water in standby boilers it is 
important to keep the dampers tight so that there is 
no circulation of air in the boiler. In this way the 
brick setting is kept hot. The fire brick suffers little 
from the heavy action of the flames when the fires are 
started. One complication which arose during the past 
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six months was a pitting action in the drums. Most of 
this pitting was in the vicinity of the water line and 
evidently was the result of galvanic action between the 
metal of the boiler drums proper and particles of car- 
bonaceous matter adhering thereto. Further action 
was prevented by cleaning out the corroded spots, 
scraping and wire-brushing the entire inside of the 
drums and applying two coats of graphite paint, per- 
mitting each coat to dry thoroughly. 

To prevent the possibility of further action of this 
sort, the method of treating the boiler feedwater was 
changed. The plant in St. Louis is on the banks of the 
Mississippi River, which contains a high percentage of 
silt, sand and organic matter. This water is clarified 
for boiler purposes with a coagulent of lime and sul- 
phate of iron, adding a small percentage of soda ash to 
relieve it of its permanent hardness. The use of this 
soda ash results in the concentration of sodium sulphate 
in the boilers, and as this is strongly alkaline, it was 
thought that it served as an electrolyte for the galvanic 
action taking place between the particles of carbon and 
the iron. The company has just begun using barium 

- hydrate instead of soda ash to remove all of the organic 
matter and a large portion of the sulphate, or per- 
manent hardness, from the water before it enters the 
boiler, at the same time avoiding the presence of an 
alkaline solution in the boilers. 

Mr. Hunter then referred to an experience with the 
cooling coils in the high-tension transformers of the 
hydroelectric system. The coils in these transformers 
were of iron, and although the current was alternating 
it was found that the coils were in a strong magnetic 
field and were highly magnetized. After being in serv- 
ice for six months the inside of the coils had deterio- 
rated rapidly, indicating galvanie action. The pipes 
had also become heavily coated on the inside with mud, 
which had been deposited from the water flowing 
through them. The deterioration and accumulation 
of mud forced a change from iron to brass coils in 
the transformers and in these there is no accumulation 
of any kind. 

The effect water-power operation had on the coal 
supply on the St. Louis market is interesting. A year 
ago at the Ashley St. station before the water-power 
service went into effect, something over 1100 tons of 
coal per day was burned; now only one-half of that 
amount is used. This falling off in the coa! consump- 
tion by the lighting company and a like amount by the 
street railways company caused a large amount of 
screenings to be thrown on the market, which effee- 
tively lowered the prices of all screenings shipped from 
the mines in the vicinity. The railroads handling this 
coal and also the Terminal Railroad Association suf- 
fered a material loss by the reduction in the number of 
cars of coal handled per day. 

Previous to receiving water power, the peak load in 
the Ashley Street plant was 55,000 kw., which required 


a7 4 
‘wes 
‘A 
j 
Py 
Ry 
24 


LARGE STEAM 


a crew of 122 men for operation only, including coal 
and ash handling. The steam-generated peak this win- 
ter, in addition to the water power received, was 34,400 
kw. The operating crew for this load and for emer- 
gency service in case the water power should fail and 
the station be required to pick up the entire load, is 
$7 men. 

Through the increasing demand for energy the in- 
stallation of new machinery in the Ashley Street sta- 
tion brought about many points that had to be worked 
out to meet the special conditions there. Among these 
were the condensers originally installed for the 5000- 
kw. units, which with their auxiliaries afterward served 
the 12,000-kw. turbines. The ratio of cooling surface 
to capacity on the old units was 4 to 1, while on the new 
installations it was reduced to 1.6. With the old con- 
densers and the larger load there was a serious conges- 
tion in the upper bank of tubes. To relieve this con- 
gestion and trouble with packing leaks caused by the 
vibration of the tubes due to the high velocity of the 
steam, it was necessary to open up the top and center 
banks, taking out three rows of tubes in three places 
on both banks. This permitted the steam to be carried 
well down into the condenser and materially relieved 
the high velocities, giving a much closer balance in pres- 
sure between the top and bottom of the condenser and 
at the same time obviating all trouble in the packing at 
the tube ends. 

A point worth mentioning in connection with the 
steam end of the 12,000-kw. turbines, was a weakness 
that developed in the third stage diaphragm nozzles. 
This, in Mr. Hunter’s opinion, was brought about by the 
unequal expansion in the diaphragms, causing the thin 
nozzle plates to crack and in some cases to break out. 
This weakness was overcome by a change in the design, 
the nozzles being cast of brass in sectional plates. 
These plates, being portable, can be removed without 
dismantling the machine, although with the new design 
it was thought that it would never be necessary to re- 
move the sections. Outside of this weakness the opera- 
tion of these turbines has been most satisfactory, and 
the maintenance cost practically nil. 

It would appear with the advance in the art and the 
higher capacities of machines being manufactured that 
the leaning is toward the horizontal machine. Some 
two years ago two 4000-kw. units were installed in the 
station and have given excellent satisfaction. The 20,- 
000-kw. unit now being contemplated will be located 
in the space occupied by a vertical cross-compound 
reciprocating engine of 3000-kw. capacity, and as the 
demand for energy increases, 20,000-kw. units can be 
installed in the space now oceupied by two other 3000- 
kw. reciprocating engines. This prime mover capacity, 
of course, will be governed by the space available in the 
station for additional boilers. 


W. L. Assotr agreed with the preceding speakers 
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that the boiler room was a very good place to start in 
order to reduce the cost of producing electrical energy. 
A boiler with its furnace he had frequently deseribed 
as a piece of apparatus for the purpose of heating air 
and cooling it. The air is a medium for transferring 
heat from the fuel to the water in the boiler. Suppose 
a transfer of water was being made from one vessel to 
another and the cup with which the transfer was made 
each time was completely filled and emptied, there 
would be no loss. Filling the cup in one vessel, empty- 
ing two-thirds of it into the other and throwing the bal- 
ance away would duplicate what is being done in the 
boiler room. Air is taken at a normal temperature, 
heated up to 2000 or 2500 deg., and cooled down to 500 
or 600 deg. The rest of the heat is used to create a 
draft. That is, the air is driven up a smokestack, pull- 
ing fresh air after it through the fuel bed. To use 20 
per cent of the heat of the fuel merely to push air 
through the fuel bed is a wasteful process. It is true 
that the temperature of the water in the boiler is some 
400 deg. and cannot cool down the air. The remedy is 
to use economizers and cool down the furnace gases to 
the lowest point possible. Mr. Abbott would therefore 
abolish smokestacks for the purpose of creating draft. 
Boilers are being forced to 100 per cent overload every 
day with natural draft and with forced draft fre- 
quently from 300 to 400 per cent overload, and still the 
limit has not been reached. The speaker suggested that 
the boiler be cut in two, and half of it be forced to 500 
per cent if necessary. The other half could be used as 
an economizer in two stages if need be and the gases 
cooled to the temperature of the feedwater. In this 
way there is a possible saving of 20 per cent. 

Another medium for transferring energy is steam. 
It is loaded up with heat in the boiler and in the super- 
heater and then in expanding it through the turbine 
the attempt is made to get back from the steam as much 
of that heat as is theoretically possible. Here is the 
place where practice fails. Conceive a sawmill steam 
plant with a leaky tea kettle of a boiler, the engine out 
of line and without any packing. Compare that with 
the modern high-pressure, low-vacuum turbine installa- 
tion, and an approximate comparison between the 
thermal efficiency of the modern equipment and the 
actual amount of energy in the steam is obtained. To 
get from the steam as it goes through the turbine 20 
per cent of its energy is doing very well. Four-fifths of 
it goes to the condenser. The only way to get a greater 
percentage of this heat is by raising the initial pres- 
sure and temperature of the steam as it enters the tur- 
bine and by reducing the final pressure and tempera- 
ture of the steam as it leaves the turbine. Progress is 
being made slowly in the higher pressures and tempera- 
tures but the possible saving in this direction is small 
as a little increase in the temperature is accompanied 
by a considerable increase in pressure. 

On the other end it is common to discharge the steam 
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into the condenser at a pressure one or two pounds 
above absolute. This looks to be inconsequential com- 
pared with 200 lb. initial pressure, but in this one or 
two pounds pressure which have been sacrificed at the 
lower end are 50 or 75 deg. of temperature, and this is 
a waste for which the engineering fraternity can make 
no apology. It appeared to the speaker that there had 
been less horse sense employed in the design of con- 
densers than in any other part of the steam equip- 
ment. The manufacturers seem to think that a con- 
denser is like a boiler and that its purpose is to cool 
off rather than to condense the steam and so it is passed 
up and down through a bank of thickly spaced tubes 
at a velocity almost equal to that of a high-powered 
bullet, for they seem to think that what is good prac- 
tice in a boiler must be good practice in a condenser. 
The steam can only get through by piling up a back 
pressure. 

To obtain greater economy in the engine room, make 
a condenser having the greatest possible area for the 
steam to strike the tubes, so that all of the cooling 
surface is immediately available for the steam when 
it enters the condenser. Instead of passing the steam 
through a long constricted passage full of baffles let it 
get at once in contact with the cooling surface at low 
velocity and be condensed without loss of pressure. A 
gain of 11% in. of vacuum represents a possible increase 
of 25 per cent in the power from the turbine. 

Two other suggestions were made for increasing the 
efficiency. The cost to put current on the bus bars does 
not consist alone of operating costs. It consists equally 
as much of the fixed charges on the cost of the power- 
house and equipment. Take the cost of operation of a 
plant, multiply it by two, and the cost of operation 
plus the fixed charges will be obtained. This more 
nearly represents the cost of the output. Fora further 
reduction of this cost reduce the cost of the powerhouse. 
This is a bright idea that perhaps would not occur to 
the gentlemen designing powerhouses. In putting on 
some filagree and perhaps a steeple, they do not realize 
that they are loading up that powerhouse and that 
community with an increased cost on all the energy to 
be made in future years. 

To get the lowest cost the equipment cannot be du- 
plicated to guard against every conceivable contingency 
which may occur in this deeade or the next. The size of 
the average powerhouse, and the amount of equipment 
in it should be reduced. With the usual power factor 
the apparatus on the average is busy about one-third of 
the time. About one-fourth of the apparatus is busy 
only 2 or 3 per cent of the time. In the course of the 
year, if the powerhouse is fully loaded at the time of 
maximum load, there is only 100 hours or 200 hours 
that the whole of the equipment is used. That last 
quarter of the equipment should not be installed but 
the peak load should be carried as an overload on the 
rest of the equipment. Then by reducing the cost of 
the powerhouse by one-quarter the cost of the output 
will be cut 121% per cent. 


NECROLOGY 


NECROLOGY 
M. L. JENKINS 


M. L. Jenkins was born February 26, 1865, at Wal- 
worth, Wis. He received his education at Delavan, Wis., 
and served an apprenticeship as toolmaker with the Wil- 
son Sewing Machine Company, Chicago, Ill. This experience 
was followed by brief periods as machinist with sueh com- 
panies as the Chicago Steam Engine Works, Chicago Die & 
Machine Works, A. H. Andrews & Company, and Wheeler 
& Tappan. In 1881 he was made foreman of the last named 
concern and two years later was promoted to superintendent, 
in which position he was in charge of all design. In 1891 
Mr. Jenkins was made superintendent of the Gardner Steam 
Pump Company of Quincy, IL, and in this connection de- 
signed and built a line of duplex steam pumps. In 1893 he 
became superintendent of Fairbanks Morse & Company, Be- 
loit, Wis., where he engaged in the manufacture of gas and 
gasolene engines, steam pumps, hoisting engines and power 
transmitting machinery. He was for a time shop superin- 
tendent of Allis-Chalmers Company, Milwaukee, Wis., and 
in 1905 became associated with the Buda Company, Harvey, 
Ill., in the capacities of superintendent and general tan- 
ager. His inventions and developments during this period 
covered miscellaneous gas engines for automobiles, commer- 
cial ears, and railroad motor cars, as well as miscellaneous 
types of operating mechanism used in connection with them, 
such as transmissions, etc., and the designing of original 
ideas as worked out by him in connection with tools for ac- 
curacy in production work and manufacturing. He died 
March 2, 1914. 


ALBEKT STEARNS 


Albert Stearns was born in Rindge, N. H., December 20, 
1833. When 21 years of age he was appointed to serve on 
the metropolitan police foree in Brooklyn, N. Y., and six 
years later received the rank of sergeant. At the outbreak 
of the Civil War, he temporarily resigned this position to 
organize Company I of the 13lst Regiment, New York Vol- 
unteers. He served with distinction throughout the war: 
while in Louisiana, as provost marshal and judge, also ag 
sheriff, Department of the Gulf; and as military street com- 
missioner in Savannah, Ga. His labors there were com- 
mended by Gen. William T. Sherman in his published report 
of May 9, 1865. He was slightly wounded at the battle of 
Cedar Creek and was brevetted a major for bravery in aec- 
tion. Major Stearns was the author of a book, Reminis- 
cences of the Late War, which gives an entertaining account 
of the years spent in his country’s service. At the conclusion 
of the war he was offered the rank of captain in the metro- 
politan police force, a position he retained until 1870. In 
that year he became connected with Church & Company, 
Syracuse, N. Y., manufacturers of bicarbonate of soda, and 
for 33 years served them as superintendent of factories and 
chemical works, as inventor of labor-saving devices and 
machines, and also as purchasing agent and confidential ad- 
visor. After the consolidation of Church & Company with 
the John Dwight Company, chemical manufacturers, Mr. 
Stearns became superintendent of the new concern, the 
Church & Dwight Company. This position he held for 17 
years. He retired from active work in April, 1913, and re- 
turned to Brooklyn, N. Y. He died April 21, 1914. 
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MEETINGS 
CINCINNATI, APRIL 23 


A joint meeting of the Cincinnati Section and the Engi- 
neers Club of Cincinnati was held in that city on April 23, 
1914. A. L. Jenkins read a paper on the Beginning and De- 
velopment of the Machine Tool Industry in Cincinnati. The 
first large machine shop appears to have been that of Miles 
Greenwood, who came to this country from England. John 
Steptoe, also an Englishman, the first tool builder of Cin- 
cinnati, came there shortly after 1848. The paper was dis- 
eussed by H. M. Lane, H. M. Norris, A. J. Baker. 

A second paper, Reinforced Concrete, was read by Lud- 
wig Eid, in which he traced the development of its use from 
its early beginnings in France. After a discussion of the 
properties desirable in the steel, cement, sand, and pebble or 
stone, the author devoted some time to consideration of local 
materials and to the proportion of the mix. 
diseussion followed. 


An animated 
Owing to lack of time a third paper, 
Recent Developments in Smoke Abatement, by A. G. Hall, 
was omitted. 


PROVIDENCE DINNER, APRIL 29 


The annual joint meeting of the Providence Association 
of Mechanical Engineers with the Society took the usual 
form of a dinner, held in Providence on April 29. It was 
the largest in the history of the organization, being attended 
by over 250. After addresses by the President and Secretary 
of the Society, an interesting lecture on the Manufacture of 
Tubing was delivered by Harold T. Miller of the National 
Tube Company. This was illustrated by moving pictures 
representing the entire industrial process of tubing manu- 
facture. 


PHILADELPHIA, APRIL 30 


A joint meeting of the Philadelphia Section of the So- 
ciety and of the Franklin Institute was held on April 30. 
C. D. Young, Mem.Am.Soe.M.E., presented a paper on Lo- 
comotive Superheaters Their Performance, which 
treated of the development of the superheater as applied to 
early locomotives and of its application to modern locomo- 
tives. The results obtained from exhaustive experiments at 
the Pennsylvania Railroad Company’s testing plant at Al- 
toona to determine the comparative economy of superheated 


and 


and saturated steam were given, and also the results of opera- 
tion on the road were analyzed as well. 
illustrated with lantern slides. 


The paper was well 


QUARTERLY MEETING AT NEW HAVEN, MAY 1 


The spring meeting of the New Haven Section was held 
in the Mason Laboratory, Sheffield Scientifie School, New 
Haven, on the afternoon and evening of May 1, 1914, with 
Aeronautics and the Internal-Combustion Motor as the sub- 
ject. The meetings were largely attended by local engineers, 
and a delegation of members of the Aero Club of America 
stopped off to attend the meeting on their way to Marble- 
head to participate in a demonstration of the Burgess-Dunne 
hydro-aeroplane. 

E. 8. Cooley tendered his resignation as chairman of the 
Committee on Meetings, which was regretfully accepted. 
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John J. Long of Brown University read an illustrated 
paper, A Review of Aeronautical Progress. The Propor- 
tions of Propellers and Engine Cylinders was discussed by 
David L. Gallup, and a paper on Fuels for Internal-Com- 
bustion Engines was presented by D. B. Pangburn. A letter 
was read trom Everard Thompson of the Connecticut Aero- 
plane Company who was unable to attend the meeting. Jo- 
seph A. Steinmetz of Philadelphia spoke on Aireraft in War 
for Offense and Detense. A 100-h.p. Gnome aeronautical 
motor was on exhibition in the laboratory, having been 
loaned tor the meeting by Edson F. Gallaudet of Norwich, 
Conn. 

At six o’clock a dinner was served in the Yale dining hall 
to about fifty of the members. 

The evening session convened about eight o’clock, with 
Prof. L. P. Breckenridge as chairman. James Hartness, 
President ot the Society, made a few general remarks, and 
Calvin W. Rice, Secretary, spoke appreciatively of Mr. Coo- 
ley’s work as chairman of the New Haven committee. 

The Evolution and Status of Aeronautics was the subject 
of an illustrated paper by Henry Woodhouse, editor of Fly- 
ing, and Howard Huntingdon of New York read an illus- 
trated paper on Internal-Combustion Motors in the Field of 
Aviation. Mr. Steinmetz spoke informally on certain as- 
pects of aviation and Edgar Beecher Bronson, author, ex- 
plorer and aeronaut, told of some interesting experiences in 
Afriea and South America. 


ST. LOUIS, MAY 4 


The St. Louis Section entertained the Associated Engi- 
neering Societies of St. Louis, on May 4, at the Hamilton 
Hotel. An illustrated lecture was given by Arthur Seubert, 
Through Germany with the A.S.M.E., which was followed 
by a general reception. Lantern slides made from photo- 
graphs taken during the trip were used and Mr. Seubert, who 
attended the meeting in Germany, gave an interesting ac- 
count. The occasion was made a Ladies’ Night and proved 
a decided success. 


SAN FRANCISCO, MAY 6 


A meeting of the San Francisco Section was held in the 
Engineers Club on May 6. After a brief business meeting, 
a paper on the Stationary Diesel Engine was presented by 
Herbert Haas, in which he deseribed the Diesel cycle, both 
two-stroke and four-stroke, and the standard types in both 
the horizontal and vertical engines. This was illustrated by 
lantern slides. 

A. M. Hunt drew attention to what he considered the chief 
factor militating against the successful introduction of the 
Diesel engine in this country, namely the desire on the part 
of American designers to add improvements, instead of ae- 
cepting European practice. 
the result. 


Unsatisfactory operation was 


A. H. Babcock, consulting electrical engineer for the 
Southern Pacifie Railway, followed, and cited two installa- 
tions made by his company, where the trouble lay in the 
fact that stress was laid on the high economy in fuel con- 
sumption, without regard to the other features, including 
the cost of producing a horsepower. Upon placing a watt- 
meter in the electrical circuit it was determined that all the 
work done by the engine, rated at 100 h.p., could have been 
accomplished with 30 h.p. In eonelusion, he paid a strong 
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tribute to the modern Diesel engine with special reference 
to its adaptability for marine purposes. A general diseus- 
sion followed. 


NEW YORK, MAY 12 


The local section of the Society in New York was enter- 
tained at its monthly meeting on May 12 with a very inter- 
esting address by H. DeB. Parsons on the Main Drainage 
and Sewage Disposal Plans for the City of New York. Mr. 
Parsons is a member of the Metropolitan Sewerage Commis- 
sion of the City of New York and has been closely identi- 
fied with this important work of developing a plan that 
will be applicable to this great and rapidly growing district. 
He showed by lantern slides how remarkably the city and 
environs have grown in the past 10 or 20 years and gave sta- 
tistics on the enormous increases of population, the develop- 
ment of the city boroughs and the consequently increased 
quantities of sewage to be disposed of. To provide ade- 
quately for both present and future needs, plans had to be 
prepared that should be practical, applicable to the condi- 
tions and elastic to permit of extensions, and Mr. Parsons 
showed how by division of the entire city into drainage dis- 
tricts, it is proposed to accomplish this in a practical man- 
ner. He referred to each district and outlined the adopted 
plans in considerable detail. His talk was also extended to 
the main drainage works of Boston, London, Dublin, Glas- 
gow, Paris, Berlin and Hamburg, to show how the plans for 
this district may be extended and developed as future growth 
of the city may require. The talk attracted a great deal of 
interest in view of the unusual engineering problems that are 
entailed in some of the districts, particularly that embracing 
the lower part of Manhattan Island which involves a 7-mile 
tunnel under Brooklyn and lower New York Bay to an out- 
let on a proposed artificial island in the bay. 


CHICAGO, MAY 13 


The coneluding meeting of the season of the Chicago See- 
tion took the form of a banquet and social meeting held on 
May 13, 1914, at the Sherman House, Chicago. Paul P. 
Bird, chairman of the section, presided and acted as toast- 
master. The meeting was primarily for the purpose of dis- 
cussing the subject of Machine Shop and Machine Tool 
Practice. An informal reception was given to James Hart- 
ness, President, and Calvin W. Rice, Secretary of the So- 
ciety, who came on from New York to attend the meeting. 

The subject of the evening was presented by P. W. Gates, 
Robert W. Hunt and Arthur M. Houser. 

Election of officers for the ensuing year followed. 


BOSTON, MAY 13 


A meeting of the Society was held in Boston on May 13, 
Boiler Room Practice being the topie of the evening. 


Captain Charles H. Manning opened the subject with a 
paper on the assigned topic, in which he related his own in- 
teresting experiences and the changes which had developed 
during his more than fifty years work among boilers and 
fire rooms. He was followed by George H. Diman, who 
had had a similar long experience in boiler room practice, 
and who said that he believed the best results were dependent 
upon the good spirit which could be aroused among the 
workers. 

W. G. Diman spoke on modern Boiler Room Operation 
and I. E. Moultrop on the boiler room practice in large elee- 
trie power stations, prophesying the early adoption of 
larger boiler units than at present used, with a much greater 
overload capacity than is now common. James D. Andrew 
spoke on simple and rugged boiler house and equipment de- 
sign, and believed that automatic boiler feed was possible 
with a good degree of safety. He recommended the use of 
CO, recorders and of weighing devices and said that fire- 
men should be given proper instruments to show conditions 
in the fireroom. 

E. G. Bailey spoke on regulating the air supply and on 
the importance of a draft gage, and F. W. Dean of the et- 
fect of good and poor firing as shown by tests. 

John A. Stevens emphasized the importance of the invest- 
ment item and Henry Bartlett described the probable appli- 
cation of stokers to large locomotives, too large to be han- 
dled by hand by one fireman. 


CINCINNATI, MAY 21 


A joint meeting of the Cincinnati Section and of the En- 
gineers Club was held in Cincinnati on May 21. Henry M. 
Waite, manager of the City of Dayton, gave an address on 
Municipal Government under the City Manager Plan, in 
which he stated that the organization of the Dayton city gov- 
ernment was based on the plan that had proved successful 
with large corporations. Five commissions were elected by 
popular vote, and the city manager was chosen by these com- 
missions. This manager in turn selected five heads of de- 
partments, known as directors, for the five divisions, law, 
finance, safety, service and welfare. Mr. Waite had made 
his appointments, he said, irrespective of political affiliations 
of the appointee, and subordinates were selected by civil serv- 
ice examinations. This form of government placed the re- 
sponsibility of good government and efficient service upon 
the manager and his directors, and if he was dishonest and 
inefficient, the manager might be recalled and his directors 
dismissed. Mr. Waite illustrated the great saving possible 
under this plan, citing specifie cases. About twelve cities 
were now following this plan, he stated. 

There was an attendance of about 150 and many ques- 
tions were asked and answered by the speaker, arousing much 
interest. 
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BOSTON SYMPOSIUM ON SELECTIVE PACKAGE 


PNEUMATIC 


particularly the 


CONVEYORS OF THE SELECTIVE 
TYPE 
By W. O. Hitpretu,’ Boston, Mass. 
Member of the Society 

Selective conveyors are conveyors adapted for deliv- 
ering packages or other materials from a central sta- 
tion. or from intermediate stations, to various other 
stations as selected by the sender at the time the goods 


T a meeting in Boston on April 8, three papers were presented on Conveying Systems. 

of these by W. O. Hildreth related to conveyors adapted for delivering packages or other 

materials from a central station, or from intermediate stations, to various other stations as selected 

by the sender at the time the goods are despatched. 

tube systems for transporting mail, for long distances underground. 

paper by S. L. Haines dealt with belt conveyors in use for handling magazines in publishing estab 
lishments and with link-belt elevators for packages. 


AND 
CONVEYORS 


One 


A second paper by F. B. Williams illustrated 
A third 


of conveyors for transporting separate packages to pre- 
determined stations. 

The delivery of these packages at the proper sta- 
tion may involve merely some device to sweep the pack- 
age from a moving conveyor belt, or may involve the 
switching of some standard tray or ‘‘ tote box ’’ to a 
station located at the side of the conveyor, or may in- 
the varrier with individual 
cars adapted for delivering loads at any one of a num- 


volve construction of a 


Fic. 1 


are despatched. While this definition may not en- 
tirely eliminate the plain belt conveyor with the usual 
trippers for distribution of a continuous stream of 
material, this paper is confined to the consideration 


' Presented at the Boston local meeting of The American Society of 
Mechanical Engineers, April 8, 1914. 


A Tray Conveyor IN USE AT THE PHILADELPHIA Post OFFICE 


997 


ber of stations located along the path of the conveyor. 

Generally it is necessary to give service in both di- 
With conveyors of the belt type this return 
service can be secured by the use of the lower or re- 
turn part of the belt. With other types of carriers the 
conveyor may form a complete circuit so as to give 


rections. 
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Fig. 2.) View or a Typicat Pick-ure SHOWING DETAILS 
OF A STATION 


intercommunicating service, although materials may 
always travel in the same direction. 

While the belt conveyor type has a certain amount 
of flexibility in a vertical direction, it can make hori- 
zontal turns only by the use of another conveyor and 
these limitations compel the use of some more flexible 


One of the simplest methods for giving a series of 
separate deliveries to a number of separate stations 
located alongside a belt conveyor is to introduce a 
number of vertical stationary partitions above the 
moving belt so as to divide the conveyor into a series 
of divisions and then terminate these dividing plates 
successively at the various stations, at the same time 
leading the division plate to the edge of the belt so as 
to sweep off all material that is contained in this par- 
ticular division. 

Such a conveyor can be loaded at any intermediate 
point and the sender can determine the delivery point 
by placing his material in the proper division. It is 
evident that such a conveyor has all the limitations 
imposed by the use of a belt; nevertheless there is a 
considerable field of usefulness that can be served by 
such a device. It is well adapted for handling pass 
books in banks between tellers and bookkeepers, and 
for handling cards, order slips or papers that can be 
carried on edge between the division plates. 

A modification of this carrier has been used in a num- 
ber of telephone offices for conveying charge slips and 
toll line eall slips. This modification retains the series 
of vertical division plates, but substitutes a smooth 


Fic. 3 View OF SENDING Station ON A Pick-up CARRIER SYSTEM, SHOWING SELECTIVE MECHANISM FOR FOUR STATIONS 


means of connection between the individual cars or 
other transportation units, if we are to cover satisfac- 
torily all the requirements of the modern manufactur- 
ing plant. Such selective conveyors must give prac- 
tically continuous service between points located on 
several different floors, and must be able to avoid va- 
rious obstructions and reach points that could not con- 
veniently be reached by a belt conveyor. 


bottom plate for the moving belt. The tickets, which 
project above the division plates, are pushed forward 
by a horizontal finger attached to a car and driven by 
an endless cable. The car is guided on a track sus- 
pended above the division plates. It is possible, with 
this conveyor, to turn horizontal corners and to carry 
the slips from one floor to another by means of in- 
clines which may be as steep as 45 degrees or more. 
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hig. 4 A Vertical SENDING Station on Pick-Up SYSTEM, 
HAVING SELECTIVE MECHANISM FOR ‘TWo STATIONS 


This type of carrier with the moving belt has a con- 
siderable field for the distribution of materials that 
can be handled on a belt and swept from the belt at 
the delivering point. 

Tray Coxveyor.—The next step in the development 
of a selective conveyor, using a belt for the moveable 
conveying member, is what may be called a tray con- 
veyor. The tray or tote box is in common use in manu- 
facturing establishments for the transportation of 
small parts from one department to another. With 
this type of carrier the tray can occupy the entire 
width of the conveyor, thus cutting down the width 
of the permanent structure to a size just sufficient to 
accommodate one tray. 

The carrying capacity of this type of conveyor is 


Fic. 7 Tue Driving MECHANISM FOR THE BaG CARRIER SYSTEM 
IN THE CuicaGo Post OFFIce 


hig. A Piek-vp System rirrep with Large Cyiinpricad 
CarkIERS FoR HANDLING Lance ENVELOPES AND BUNDLES 
or PAPrers 


very large since there is a possibility of sending prae- 
tically a continuous stream of trays and switching 
them to intermediate stations or to lines branching 
from the main trunk line of the conveyor at any point. 
The return service can be secured by the use of the re. 
turning portion of the belt and it is possible to send 
from any station on the line to any other station, thus 
giving intercommunicating service. 

In this type of conveyor the tray is furnished with 
a moveable projecting finger, generally extending 
above the front end of the tray, and adapted for en- 
gagement with the switches which extend over the con- 
veyor from the various stations. The selective finger 
on the tray is moved by the despatching operator to 


Fic. 6 View or a Bac Carrier System IN THE Cuicaco Post 
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Fig. 8 View oF A STaTION ON A TypicaL Book CARRIER SysiEM 
AND A CAR ABOVE EN ROUTE 


a numbered position corresponding to the station to 
which the tray is to be sent, and the tray is then 
placed upon the moving conveyor belt. The tray 
passes all the intervening switches until it reaches the 
station for which its selective finger is set, and after 
coming in contact with the switch it is deflected from 
the conveyor belt and delivered upon an inclined shelf, 
from which it is removed by the attendant. 

Instead of switching to a station, the tray can if de- 
sired be switched to a branch line for delivery to sta- 
tions located along this line. The width of the end of 
the tray, and the necessary spacing between successive 
positions of the selective finger on the tray, is the only 
thing that limits the number of stations possible on 
such a system. It is possible to cover more than one 
floor with one of these tray conveyors by transporting 
the trays on inclined conveyors from floor to floor, or 
by delivering the trays to automatic elevators, which 
in turn may deliver at any one of a number of differ- 
ent floors or to other belt conveyors with selective sta- 
tions. A typical tray conveyor for Post Office work is 
shown in Fig. 1. 

A further variation of this type of conveyor is made 
with a four-wheeled car propelled by an endless cable 
and running upon two rails. This car is provided with 
a cable gripping device that will disengage the car 
from the cable when the car is switched from the main 
line onto the switch track. The switch is operated by 


a selective finger on the car and the number of sta- 
tions that can be used is limited only by the space avail- 
able on the car for the selective switching positions. 

A system of this kind, with automatic elevators onto 
which the ears are run and dropped several stories, has 
been in use many years in the Boston Publie Library 
for transporting books from the stacks to the delivery 
desk. When cars are returned from the switch tracks 
to the main line, the moving cable is gripped automat- 
ically and the car proceeds until switched again from 
the main line at the station determined by the setting 
of the selective finger on the ear. 

While the capacity of this conveyor is not as great 
as the capacity of the tray conveyor, nevertheless it 
can handle a great amount of material with a very 
small expenditure for power. When cars are not ae- 
tually en route, the power required for driving the 
cable is very small, the track is inconspicuous and does 
not obstruct the lighting of the shop at all. 

Pick-up Carrier.—Another class of carriers that 
has been developed for the transportation of orders 
and correspondence, rather than for large quantities 
of manufactured material, is known as a ** Pick-up 
Carrier ** from the action of the car which actually 
picks up its load from a shelf upon which the load has 
been placed by the sender. 

This carrier introduces a different principle of se- 
lection from those previously described, in that it has 
a series of cars permanently attached to an endless 


Fig. 10 Deraits or ConsTRUCTION OF VERTICAL AND HorIzONTAL 
Turns tn A Book Carrier System 
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driving cable and sliding upon a pair of smooth round 
steel rods. The cars are furnished with gripping jaws 
of steel wire adapted for holding either flat envelopes 
or cylindrical carriers. The upper jaw is stationary, 
while the lower jaw is moveable and swings around a 
fulerum pin with a spring to press the moveable jaw 
against the stationary jaw and hold firmly whatever 
material may be contained between the jaws. The 
moveable jaw has a projecting arm that rides upon a 
cam surface at the station so as to open the jaws for de- 
livering the load and to allow the jaws to close again 
upon another load waiting upon the sending shelf. A 
typical pick-up carrier is shown in Fig. 2. 

As the different cars have opening levers of different 
lengths, it is possible to have a series of cars, each one 
opening its jaws for delivering and picking up mes- 
sages at two definite locations along the line. A mes- 
sage placed upon a certain sending shelf will be picked 
up by its own car only and will be delivered always 
at another definite location where the station cam is 
placed in the correct position to operate this partien- 
lar car and no other one. A series of sending shelves 
at a station gives the sending operator an opportunity 
to send to as many destinations as he has shelves, and 
every car that arrives at his station must drop its mes- 
sage for him before picking up a message for the other 
station. In Fig. 3, is shown a sending station for two 
systems with four stations each. 

In this carrier the selective mechanism is a perman- 
ent part of the car, itself, and does not require any 
adjustment by the operator or by the station mechan- 
ism. The only selective effort required of the operator 
is to select the proper shelf upon which to lay his mes- 
sage and the carrier does the rest. 

In order to keep the size of the car and stations 
within reasonable limits, it has seemed desirable to 
limit the cam graduations on a station to five so that 
it is possible to send from a central station to five other 
stations and to receive messages from these five sta- 
tions in return. It is practicable to handle papers or 
traffic envelopes as large as 10 in. x 13 in. with this sys- 
tem, or in cylindrical carriers as long as 30 in. In Fig. 
5 is shown a system of this kind. 

As the ears are traveling continuously, service is 
provided from each station at regular intervals and as 
the sender does not have to wait for a car, but has only 
to lay his message on the proper shelf and return to 
his work again, the service is prompt and regular with- 
out waste of the sender’s time. The messages are 
dropped by the cars into a single receiving pan or 
basket at each station. 

In eases where it is desirable to have intercommuni- 
cating service between a large number of stations, it 
is customary to group the central stations of a number 
of lines at one convenient point and make this point a 
clearing house for the entire system by transferring 
the messages sent in by the different lines to the proper 
shelf for transmission to their final destination. This 
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Fic. 9 A Station oF Dirrerent Form on a Book Carrier 
System witH Car APPROACHING RECEIVING FINGERS 


work can usually be done by a filing clerk or some one 
permanently employed in the neighborhood cf the sta- 
tion so that special help need not be employed for this 
particular purpose. 

As this system is operated by a flexible cable, it is 
possible to turn corners in any direction so that sta- 
tions on a number of floors can be served by a single 
line. The power consumption is small and the service 
is practically noiseless in operation. 

Bag Carrrer.—Another carrier with a capacity for 
handling loads as great as 150 to 200 lb. has been de- 
veloped along somewhat similar lines, but with a dif- 
ferent principle of selection. As this conveyor was 
first used for transporting post office mail in bags, it 
has become known as a “* bag earrier.’’ It consists of 
a series of two wheeled cars or trolleys permanently 
attached to an endless moving steel wire cable at fre- 
quent intervals often as close as 10 ft. apart. The ear 
wheels run upon the lower flanges of structural steel! 
channels with a pair of guiding rails below the chan- 
nels to prevent excessive swinging of the cars. A sys- 
tem of this type is shown in Fig. 6. 

Each car has a hook upon which the bags are hung 
and these hooks are hinged in such a way that they 
can be tripped so as to drop the loads hung upon them. 
A moveable unlocking slide is arranged upon the car 
so that a selective finger on the car can be set at the 
sending station in as many different locations as there 
are delivery points on the line. This selective setting 
is done at the sending station as the car passes an in- 
clined cam device whose position is controlled by the 
operator. This cam moves the unlocking slide and the 
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Fic. 11 View or Sweep-orr CarRIER SysTeEM IN THE CuicaGo Post Orrice 


selective finger to a position corresponding to the de- 
livery station desired. 

Each delivery station has a tripping finger perman- 
ently fixed at a different height from all the other 
stations and arranged so as to trip the car hook on 
every car that passes having its selective finger at 
the proper height to engage with it. The bags, when 
dropped from the cars, are received on suitable chutes 
from which they slide to the floor or to tables. Just 
before the cars complete their circuit and reach the 
sending station again they pass a resetting cam, which 
returns the selective finger to the neutral position, 
ready to be set again at the sending station. 

As the cars are permanently attached to the driving 
cable, a rather novel cable drive has been devised, giv- 
ing a powerful pull and operating on a straight por- 
tion of the cable without requiring the introduction of 
grooved driving sheaves. In this driving device the 
cable is driven by a series of gripping jaws in pairs 
attached to an endless chain moving parallel to the 
cable, and driven by sprocket wheels. Each pair of 
jaws is connected by springs, thus giving a uniform 
pressure on the cable. 

At the point when the jaws begin to leave the cable 
at the driving sprocket, a cam is located so as to open 
the gripping jaws and allow them to leave the cable 
and pass around the sprocket wheel and return again 
to the point of commencement, where another cam 
opens the jaws so as to allow them to grip the cable 
again. This device makes a very satisfactory arrange- 


ment, as it can be placed at any point of the line where 
there is a straight section of cable. The cars pass this 
drive without any trouble, and it does not require the 
addition of a number of driving sheave pulleys around 
which all of the cars would have to pass. With lines of 
any considerable length, it would not be possible to 
get sufficient driving power from a_ single-grooved 
driving sheave with 180 deg. are of contact, and sev- 
eral driven sheaves around which the cable and the 
attached cars must pass in succession would introduce 
several objectionable complications. 

Book Carrier.—Among the carriers with individual 
cars, each car having its moveable selective finger, the 
most interesting perhaps is the so-called Factory Serv- 
ice Carrier. This was originally developed for trans- 
porting books in large libraries between stations lo- 
cated in the book stacks and the delivery desk, but it 
proved to be very well adapted for distributing small 
manufactured parts and tools from one part of a fae- 
tory to another. 

The cars are permanently attached to a wire cable 
at intervals depending upon the amount of traffic to 
be accommodated. The track upon which the car 
wheels run is of 34 in. round cold rolled steel and the 
cars are of the finger bottom type so that the car can 
pick up its load or drop its load by passing between a 
similar set of fingers forming the stations. A system 
of this type is shown in Fig. 8 with car en route. 

The car body is mounted upon a truck and arranged 
to swivel so as to keep the car body in a horizontal 
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Fic. 12. A Sweep-orr Carrier just LEAVING A STATION AND CLosinc Botrrom Doors 


position when the car is traveling on vertical track as 
well as when the track is horizontal. This type of car- 
rier can pass from floor to floor vertically and can make 
horizontal turns at any angle so as to reach any re- 
quired position or avoid obstructions, as shown in Fig. 
10. 

In this system we have again the moveable selective 
finger upon the car to determine, by its position, the 
station at which the car will deliver its load; and this 
selective finger is moved by mechanism at the loading 
station under control of the operator. The cars in all 
eases pick up their loads when passing upward through 
the sending station fingers and drop their loads upon 
the receiving station fingers when passing downward 
through these station fingers. 

As the ears are continually passing the sending sta- 
tions, it is obvious that the loaded sending station fin- 
gers must be kept out of the path of loaded cars but 
must be advanced into the path of the first approach- 
ing empty car so that the load can be picked up and 
carried to its proper destination. 

To carry out this condition, the sending station fin- 
gers are mounted upon a wheeled truck operating upon 
horizontal rails. This finger truck is normally held 
back by a weight working within a dash pot tube. 
When the operator has placed a load upon the send- 
ing fingers he moves a lever to a numbered position 
corresponding to the station to which the load is to be 


sent and then depresses a lever, which compresses a 
spring and stores up sufficient energy to move the send- 
ing fingers forward when the next empty car arrives. 

Upon the approach of an empty car the catch hold- 
ing the station fingers back will be tripped and the fin- 
gers with their load will move forward into the path 
of the ear. The car then picks up the load and while 
passing the station has its selective finger moved to 
the position corresponding to the delivery station. 
After the car has left the sending station, the catch 
holding the station in forward position is unlocked by 
the car and the sending fingers are drawn back by the 
counterweight out of the path of succeeding cars. 

While the loading fingers are held back, awaiting 
the approach of an empty car, a loaded car will not 
trip the station catch because this catch is tripped by 
a lever arm on the car having two positions, one for 
an empty car and one for a loaded ear, and the lever 
when in the loaded ear position will not unlock the sta- 
tion catch. The receiving station fingers are hinged at 
the back end so that they are normally swung up out 
of the way of passing cars, but an approaching loaded 
car, with its selective finger set for a station, will op- 
erate a lever and throw down the station fingers so as 
to remove the load from the car. 

As these station fingers drop only to an inclination 
of about 20 deg., the load will slide down and away 
from the fingers to an inclined shelf, from which the 
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loads can be removed by hand. After the car has 
passed down below the receiving station it operates a 
lever that swings the receiving station fingers up and 
out of the way of succeeding cars until the approach 
of another car, which has its selective finger set for this 
station. 

This type of carrier is driven either by a grooved 
sheave wheel or, for a long line, by a grip chain drive 
as described for the bag carrier. This carrier has been 
developed with a car as large as 12 in. x 17 in. to take 
loads of 15 to 20 lb., and these loads are generally han- 
dled in flat trays or baskets unless the loads consist 
of letters or papers that can be handled in envelopes 
or file wrappers. 

Sweep-orr Carrier.—Another type of earrier known 
as a Sweep-off Carrier has been developed more espe- 
cially as a collecting carrier for collecting letters, or- 
ders, or other papers from a considerable number of 
stations and delivering them to a limited number of 
receiving stations located somewhere on the cireuit of 
the line. 

In this conveyor the load is carried in a basket sup- 
ported from a two-wheeled car running on a single 
rail with guide rails below to keep the basket from 
swaying. The material to be sent is laid upon a hori- 
zontal shelf located just above the path of the basket 
and this material is swept into the basket by a brush 
attached to the car and moving with it. A consider- 
able number of stations, therefore, can be served by a 
single car. 

The basket of this carrier has a hinged bottom and 
will drop its load into a hopper when the car bottom 
is unlocked at the delivery station. It is possible to 
make this carrier selective by furnishing a number of 
separate shelves at the several sending stations. The 
shelves in this case are normally below the path of the 
ear and are brought up to the sweep-off position when 
the proper car arrives and trips the holding down 
catch. 

The cars are provided with permanent selective de- 
vices, which are operated by the receiving stations so 
as to trip the car doors on the basket when it arrives at 
its own station, but which are arranged to pass all the 
other cars which deliver at other stations. This type 
of carrier has been used very largely in Post Offices 
to handle misdirected letters from the various sorting 
cases to some central point where proper addresses can 
be supplied or where illegible addresses can be de- 
ciphered. 

Promptness in handling such letters will generally 
prevent the letters from being held over to the next 
delivery and sometimes will prevent them from being 
held over to the next day. In large Post Offices this 
type of carrier is often used to collect the Special De- 
livery letters from the facing tables and from the open- 
ing tables where the railroad mail is received and to 
carry these specials to the special delivery division. 
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The first successful pneumatic tube system was put 
in operation previous to 1858 in London, England, 
with a 11% in. tube 650 ft. long. In 1858, this was ex- 
tended with 214 in. tubes. From then on the system 
has grown rapidly and London has now many miles of 
despatch tubes. The usefulness of this system has also 
been extended in the large cities of England and Ger- 
many. The transmission of telegraph messages by 
pneumatic tubes commenced in 1865. Also it was at 
about this time that pneumatie tubes were first used 
for transmission purposes in this country, John Wan- 


Fic. 1 


View IN A Mopern Orrick WITH 
CONNECTION TO Desk 


Pneumatic TUBE 


amaker’s store in Philadelphia having probably had the 
first installation. 

There are three systems in general use, known as 
the vacuum, the pressure, and the vacuum-pressure 
systems. Each of these has very distinct advantages 
when considered from the standpoint of the service 
required and other determining conditions. 

The vacuum system in its simplest form, omitting 
the power plant, consists of two stations, one called the 
central station and the other the out-station. As seen 
at the central station there is a sending and a receiv- 
ing tube and these two tubes extend to the out-station. 
The reeeiving tube at the central station is connected 
to the suction drum, and as the two tubes are con- 
nected at the out-station, they form one air circuit. 

A earrier placed in the sending tube at the central 
station is sucked to the out-station and there dis- 
charged by means of a suitable terminal. The air is 
there by-passed to the other tube, in which it returns 
to the central station and is drawn into the suction 
drum. A earrier placed in what is the sending tube 
at the out-station is sucked to the central desk and 
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thers discharged, while the air is by-passed to the sue- 
tion drum. In this way communication between the 
two stations is continuous; that is, carriers can be sent 
from each station to the other at the same instant— 
a very desirable feature where the service is heavy, as 
in a department store. 

Vacuum terminals are simpler than the terminals 
for other systems and the method of operation by ex- 
hausting the air is more economical so far as the ex- 
penditure of power is concerned. But the working 
pressure is limited to something less than 14 Ib. and 
there might be conditions which would make that in- 
sufficient. 


The pressure system is just the reverse of the vae- 


Fig. 2. A Terminat ror a Vacuum-Pressure System 


uum system, the carriers being pushed or forced by 
pressure instead of being sucked or pulled to their des- 
tination. Of course, theoretically, the operation of the 
two systems is similar in that the carriers are pro- 
pelled by the greater pressure behind than in front of 
them. In the vacuum system the power is applied in 
front of the carrier, but in the pressure system it is 
applied behind the carrier. 

Pressure systems are used in carrying the U. S. mail 
in many of the larger cities in this country and two of 
the several reasons why pressure is used instead of 
vacuum, are first, that with the pressure system, small 
leaks are not objectionable save that they are a direct 
loss of power, while with the vacuum system, a leak 
underground would be disastrous to the working of 
the system and also the possible entrance of moisture 
might cause damage to the contents of the carriers; 
second, in case of a carrier being blocked in the tube, 
the pressure can be reversed and raised and the car- 
rier often blown out, while with the vacuum system 
the greatest vacuum possible might be entirely inade- 
quate for this purpose. 

Pneumatic tubes on the pressure system now pro- 


vide direct connection to 46 United States Post Offices, 
which offices, according to the most recent Post Office 
statistics, serve a dependent population of 5,881,000 
people. In these pneumatic tube Post Offices are em- 
ployed 6,120 clerks and 3,131 letter carriers, and 
through the tubes are weekly carried 137,295,000 
pieces of mail matter. Mail for Post Offices beyond 
the pneumatic tube districts is also carried as far as 
possible by tubes and then transferred to wagons. 
These statistics do not include the City of Philadel- 
phia or the Brooklyn General Post Office. Each one 
of these Post Offices, because of its pneumatic tube 
connection, gives to its surrounding population the 
same service that is given from the main office of its 
city. In other words, the pneumatic tubes, since they 
are practically instantaneous, make the sub-stations 
with which they are connected a part of the main 
oftice of the city. It is interesting to note that, assum- 
ing the above amount of mail matter to be carried by 
the tubes for 52 weeks a year, the cost of carrying by 
pneumatic tubes is at the rate of ninety-two pieces mail 
matter for one cent, or approximately fifty-four cents 
per hundred pounds. 

The vacuum-pressure system is used where the serv- 
ice is lighter. In this system the carriers are drawn 
to the central station by vacuum and blown back to 
the out-stations by pressure. 

Here might be mentioned the single-tube pressure 
system of the Lamson-Miles type, which has but one 
tube between the two points to be connected. This tube 
is fitted with a combined despatching and receiving 
terminal at each end, and the compressed air is car- 
ried by small iron pipes to the terminals at the ends 
of the tubes. A compressor and storage tanks supply 
and maintain the power for operating the tubes. 
When idle the tubes are normally open to the atmos- 
phere and are often used as speaking tubes. The use 
of a single tube saves room in passageways and walls 
of buildings, frequently a matter of great importance. 

When a carrier is to be transmitted, air pressure is 
introduced into the tube behind the carrier from the 
storage tanks, in which pressure is maintained by an 
automatic regulator, that controls the starting and 
stopping of the compressor. The compressor automat- 
ically starts when the pressure drops below a certain 
point and stops when it has produced the normal work- 
ing pressure of the system. The air supply pipe is 
much smaller in area than the transit tube and conse- 
quently while the carrier is on its course the air under 
pressure from the supply pipe expands in the tube. 
Hence if a carrier tends to foul in a bend or other part 
of the tube, it offers a resistance and the air pressure 
behind it immediately makes up to the pressure carried 
in the supply pipes and thus the carrier is automat- 
ically relieved and pushed along. 

A combined receiving and despatching terminal is 
attached to the ends of each tube, and to these ter- 
minals are also connected the supply pipes so that 
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the air pressure can be admitted to the tube at each end 
and carriers can, therefore, be despatched alternately 
from either end of the same tube. As a transmission 
takes but a few seconds, no practical inconvenience 
is experienced by using one tube for transmission in 
opposite directions. In answer to the question as to 
what will prevent carriers from being despatched from 
both ends of a tube at the same time, it should be stated 
that this does not happen because the tube is normally 
open at both ends and when a carrier starts from one 
end, the free air in the tube is forced ahead of the 
carrier and out at the other end; thus a carrier cannot 
be inserted at what is temporarily the receiving end 


transit without the use of electric or other connections. 

The tubes used for the transmission of carriers are 
of kalameined steel, brass, or aluminum. The sizes 
mostly in use are 214 in. and 3 in. outside diameter. 
Also 4 in. tubes and 3 by 6 in. oval tubes are largely 
used where the material to he transmitted is bulkier. 
The bends are made of brass, and are formed by cut- 
ting to a length according to the radius of bend de- 
sired, filling with water and while under hydraulic 
pressure, bending around a form; the operation takes 
but a very few moments and a perfect bend is formed, 
with the section absolutely circular. 

Positive rotary blowers are used in the majority of 


Fic. 3 A LarGe CrentTrRAL Desk FoR A DEPARTMENT STORE SYSTEM 


until the traveling carrier is expelled, because the out- 
ward rush of air makes it impossible. 

The operation of the combined receiving and des- 
patching terminal is as follows: After a carrier has 
been inserted for transmission, a gate or cover nor- 
mally open, is closed behind it, which closing of the 
cover automatically locks it in place and at the same 
time opens an air valve, permitting an inrush of com- 
pressed air behind the carrier. The compressed air ex- 
pands and pushes the carrier at increasing speed to the 
discharge end of the tube, where it is deflected by a 
chute into a suitable receptacle. A simple device cuts 


. off the air pressure at the despatching end, and at the 


same time the closed gate or cover at the sending end 
is unlocked and the tube is again thrown open to the 
atmosphere. All these operations are accomplished 
by the back pressure of the air behind the carrier in 


the plants installed. This type can be used either as a 
pressure blower or as an exhauster, and is more eco- 
nomical than a compressor when operating against 
pressures less than 7 lb. per sq. in. The style of blower 
used consists of a casing in which two impellers revolve 
in opposite directions, each impeller being of a double 
lobe section symmetrical with its shaft and the two 
impellers so set that the lobe of one fits into the recess 
of the other. The impellers work as close as possible 
to the casing so as to prevent loss through leakage, and 
to keep them at their proper relative speeds, one shaft 
is driven by the other through a pair of gears. If the 
system is of the vacuum type the inlet side of the 
blower is connected to the galvanized iron suction drum 
in the central station, if of the pressure type, the out- 
let side is piped to the central station, and if of the 
vacuum-pressure type, both inlet and outlet are piped 
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to separate drums in the central station. The blowers 
are usually driven by electric motors, although oe- 
casionally they are directly connected to steam 
engines. 

With many of the vacuum and pressure systems a 
power saving device is used, as in a system of, say 40 
out-stations, it is safe to say that the greatest number 
that might be in use at one time is 28, and power must 
be supplied for 28 lines. 
constant use. 


Ordinarily but 4 or 5 are in 
By using a variable speed motor, of say 
four to one range, the blower can be made to supply 
power for, at its lowest speed, 3 lines, but as demands 
for more service are made from time to time during the 
day the motor will speed up until the maximum of 28 
is being taken care of. 

When the power control system is used on vacuum 
lines, a vacuum of, for instance, 16 0z. is maintained 


Fic. 4 View or a Blower PLANT FOR A SMALL SYSTEM, SHOWING 
Avromatic Boarp MUFFLER 


in the suction drum at all times irrespective of the 
number of lines in service. This constant vacuum is 
maintained by connecting the suction drum to the 
upper part of a cylinder in which is a weighted piston, 
that remains balanced and stationary as long as the 
vacuum above it equals 16 oz.; but should the vacuum 
drop, by opening of a tube for the transmission of a 
carrier, the piston slowly drops and at the same time 
turns the field rheostat of the motor so as to speed the 
blower up to maintain the 16 oz. vacuum. Should a 
greater vacuum momentarily exist a relief valve oper- 
ates to reduce it to the proper point. 

When the vacuum in any one of the lines is broken 
by the insertion of a carrier, a device at the end of each 
air circuit, called a power control device, automat- 
ically keeps the line open long enough for the carrier 
to reach its destination and then ‘* times off,’’ and the 
line comes to rest and so remains until the next carrier 
is inserted. It is not necessary to wait until one car- 
rier has reached its destination before inserting the 
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next; the vacuum in the line will take care of several 
carriers, and, except in the case of a very long line, it 
would be almost an impossibility to overload an air 
circuit because the carriers travel at such a high rate 
of speed that they would begin to deliver at the other 
end before the critical load was reached. And as in 
actual practice, the carriers must be loaded with let- 
ters, messages or cash, there must be an appreciable 
interval of time between each transmission of a carrier, 
and this prevents any one line from being overloaded. 
This power-saving device is of the vented cylinder and 
piston type and is very flexible as it can be adjusted 
for varying lengths of lines. It can be set to ‘* time ” 
anywhere from 114 seconds to 2 minutes to aecommo- 
date any jiength of line. 

Krom an engineering stand-point, the best system is 
one that uses power only when a carrier is in transit 
and is known as the start and timing-stop system. 
This system is operated by means of a special switch- 
board, on which an electric circuit is closed by the 
insertion of a carrier in the terminal for transmission, 
and that throws in the main power circuit, causing 
the motor-blower unit to automatically start up and 
supply the necessary vacuum or pressure, as the case 
may be, and it does not stop until the carrier reaches 
its destination. If several carriers are sent, even from 
remote parts of the system, the power is supplied until 
the last carrier is delivered. 

The latest improvement is the ** power-saving start 
which is similar to the pre- 
vious system, but goes one step farther and supplies 
power according to the number of lines in service. If 
one is used, power for one is supplied; if half a dozen, 
the power unit speeds up to supply the proper power 
for those six lines and then comes to a stop when the 
last carrier is delivered. This is as it should be; in 
all but the largest systems, there are a great many 
times when no carriers are in transit, and then there 
are times when there may be several, possibly up to 
the capacity of the system, dispatched at almost the 
same time. 


and timing-stop system,”’ 


This system uses only as much power as is 
required to transmit the carriers and shows a very 
great saving over all other systems. 

The terminals used are of brass and bronze construc- 
tion, except in some of the largest sizes where iron is 
occasionally used. Most of the terminals used on the 
larger vacuum tubes are of the double-door type, in 
which the carrier passes through two valves before it 
delivers. This for two reasons: One is that the noise 
is eliminated, and the other is that the momentum of 
the carrier is lessened. When a carrier passes from 
the tube into the terminal it passes through the first 
valve into a chamber where the air pressure is slightly 
below atmospheric ; its momentum, checked by its pas- 
sage through the first valve, carries it through the see- 
ond valve into the atmosphere and to the receiving 
basket. The noise of the vacuum terminals was one of 
the principal objections to that system as applied to 
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large tubes, but since the double-door terminal has been 
perfected there is no annoyance on that score. 

The carriers are of leather except those used in de- 
partment stores, which are of metal with felt heads. 
The leather carriers are made in various lengths with 
hard felt heads and are of both closed and open types. 
The lengths of carriers are determined by two factors, 
the requirements of the service and the radius of the 
bends. A carrier 8 in. long, for a 3 in. pneumatic tube, 
requires bends of 21% ft. radius, and a carrier 10 in. 
long requires bends of 314 ft. radius. 

It is often a serious undertaking to lay out the tubes 
and bends for long carriers so that they will not be un- 
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in rooms dimly illuminated by means of specially col- 
ored electric lights, and these rooms are so dark that a 
person going in from the outside would be almost help- 
less. The pneumatic tube service is effective in these 
rooms, whereas it is easy to see that a messenger serv- 
ice would be not only very slow in comparison, but 
very greatly handicapped on account of the illumina- 
tion. 

One of the essential routine requirements of a fac- 
tory, large or small, is an equipment for handling mail, 
instructions, orders, and blueprints rapidly. Unless 


the method of distributing the mail is effective, delays 
This is particularly true 


and confusion always result. 
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Fic. 5 ARRANGEMENT OF THE “Hump” FREIGHT YarRD Layout aNp Detaits or TuBe System 


sightly or interfere with the design of the building in 
which they are located. The modern office building 
has usually a chase or riser flue that is available for 
the risers to the various floors, but in some of the rein- 
forced concrete buildings and those of the mushroom 
type of construction, the difficulties of installation are 
numerous. 

Pneumatic tube systems are used principally for the 
transmission of cash, mail, or messages of an interde- 
partmental character. Occasionally they are used for 
the carrying of other material, as in the Winchester 
works in New Haven, where powder is delivered to the 
loading machines by pneumatic tubes. The Eastman 
Kodak Company has an extensive system of tubes 
which perform a service that would be almost impos- 
sible to duplicate by any other means. Their stocks 
of films, plates and bromide and other papers are kept 


in the big factories where often more mail is handled 
daily than passes through many a small city post office. 
But the methods adopted by these large establishments 
are applicable as well in the small plant, for the com- 
plete system for handling the mail is generally built 
up of several units, any one of which can be advan- 
tageously adopted in the smaller factory. Those rea- 
sons of economy which bring refinement in the large 
plant are just as effective in the smaller establishment 
where their importance is often overlooked. Pneu- 
matic tubes bring remote buildings side by side for 
business purposes. 

An interesting industrial application of pneumatic 
dispatch tubes has recently been made to a modern 
‘‘hump yard ’’ freight terminal which due to the pe- 
culiar governing conditions, has resulted in an unusual 
economy. The saving due to this installation, at a total 
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investment of less than $10,000, amounts to an actual 
cash saving of at least $500 per day, while at the same 
time an increased efficiency of service is gained, the 
value of which is inealeulable but of utmost impor- 
tance (Figs. 5 and 6). 

This yard is located at Gibson (near Hammond), 
Indiana, 23 miles southeast of Chicago on the Chicago, 
Indiana & Southern Railroad, being the Chicago 
freight terminal of the New York Central lines. The 
function of this yard is to facilitate the distribution of 
cars from incoming trains for prompt delivery to con- 
necting roads, and conversely, to assemble into out- 


This 


going trains the cars received for forwarding. 
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Fic. 6 TERMINAL USED ON THE “Hump” Yarp System 


is accomplished in the following manner: The yard 
is laid out as an East yard and a West yard, each prae- 
tically a duplicate of the other, and consisting of series 
of adjoining tracks with connecting ladder tracks at 
both ends. These lead respectively east and west from 
an artificial elevation in the level of the yard between 
them, and a car upon being pushed up this elevation 
by a locomotive will, after getting over the peak or 
highest point, run down on the other side by gravity 
where it may be switched from the ladder track into 
the yard tracks at will. 

To illustrate, assume an incoming train to consist of 
50 cars destined for, say, 20 different connections, the 
first two for A, the next one for B, the next three for 
C, the next two for A, and so on; the engine which 
has brought the train in is disconnected therefrom and 
a switch engine pushes it up the hump until the first 


PACKAGE AND 


PNEUMATIC CONVEYORS 249 
two cars pass over the peak of the grade and run 
down on the other side, where they are switched say 
to track No. 1, followed immediately by the third car, 
which is switched to track No. 2, this in turn by the 
next three cars, which together are switched to track 
No. 3, the next two cars to track No. 1, and so on till 
all cars in the train have been distributed and thus 
reassembled directly into new trains with practically a 
continuous and uninterrupted movement of cars in 
the same direction all the time. 

The incoming train brings the forwarding instrue- 
tions from which orders covering proper distribution 
of cars are made out by the clerical force at the main 
yard office adjoining the Hump. In order therefore 
to insure quick handling of trains, it becomes impera- 
tive to have forwarding instructions delivered to the 
ottice and the orders in turn delivered to the train and 
yard crews in the shortest possible time. This is done 
through the Yardmaster’s offices, each of which is 
nearly a mile from the main ** Hump ”’ office in op- 
posite directions, and as the movement of trains is 
directly dependent upon these orders, it follows that 
any delay in the transmission means an equal delay in 
the despatching of trains, with a direct loss of an 
amount equal to cost of train crews. 
portance of the time element is at once apparent, but 
tlie extent of its importance will be better appreciated 
when it is understood that the railroad management 
figures the cost of a train crew at $5 per hour and 
that a total of from 150 to 200 trains are handled at 
this yard every 24 hours. Messenger boys were for- 
merly used, and even at best the time for transmission 
was very considerable owing to the distance to be cov- 
ered, the character of roadway and the natural unre- 
liability of such service, while in inclement weather 
the business was well nigh paralyzed. 

Since the installation of the pneumatic tube system 
by use of which it takes less than three minutes to con- 
vey messages between the Yardmaster’s offices and the 
‘* lump ”’ office, and which have proven reliable in 
all kinds of weather, there has been saved one-half 
hour to an hour (an average of 34 hr.) in the time 
of each train crew from which the direct money sav- 
ing figures out as follows: 


Henee the im- 


Cost of train crew, 34 hr. @ $5 per hour. $3. 
Trains despatched in 24 hrs. (150 to 

200, or a mean of 175).......... 175 Trains 
Henee direct money saving per 24 hrs. 

is 5 (dollars) x 34 (hour) x 175 

(trains per day) equals $656.25. . .$656.25 


Thus the figure of $500 per day, as given above, is a 
very conservative statement. 

The system is of the straight high pressure pneu- 
matic type, with diaphragm latch terminal and sup- 
plementary time-off device, there being two single lines 
of 3 in. kalameined steel tubing, one running from the 
‘* Hump ’’ office to the East Yardmaster’s office, a 
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distance of 4650 ft., and the other running from the 
‘* Hump ”’ office to West Yardmaster’s office, a dis- 
tance of 4350 ft. The tubing is laid from 3 to 4 ft. 
underground (frost line is about 41. ft. down), joints 
being made with sleeves of a rust-proof composition 
called ** Toncan Metal,’’ and the whole is heavily 
coated with asphaltum paint. The terminals are of 
the up-discharge type with vent-actuated pressure tim- 
ing valve and special long timing control. 

Both ends of the tubes are alike and are normally 
open, with no air flowing. In sending, a carrier is 
inserted in a terminal, the clapper closed and air then 
admitted behind the carrier by pressing a_ button, 
which actuates the automatic control device, by which 
air is delivered from a low pressure storage tank for 
a pre-determined period, sufficient to insure arrival 
of carrier at other end of tube. Air is supplied to the 
storage tanks from the regular railroad service for 
operating switches, signals, etc., at a pressure of 90 
to 110 lb. at the compressor. This is located in a shop 
some 950 ft. from East Yardmaster’s office and there 
is a loss in pressure of about 20 lb. in transmission. 
There are three storage tanks, one at the East Yard- 
master’s office, one at the Hump office and the third 
at West Yardmaster’s office. The air is brought under- 
ground from the compressor to the East tank, with 
branches to the Hump and West tanks, to each of which 
it is connected through a 5 in. Cochrane oil and water 
separator, a 1 in. check valve and a 1 in. Mason lever 
type reducing valve, that keeps the air at 11 to 15 Ib. 
pressure in the tank, depending upon conditions. <A 
114 in. or 114 in. pipe leads from the tank to the pres- 
sure timing valve on the 3 in. carrier tube, in each case 
giving a pressure in the tube behind the carrier of from 
6 to 10 lb. The tank at the Hump office, about 5570 
ft. from compressor, is supplied by 4650 ft. of 2-in. iron 
pipe, and connection to the tank is made in the order 
named through a 2-in. cock, a 5-in. Cochrane oil and 
water separator, a 1-in. check valve, a 1-in. mason lever 
type reducing valve, and a 2-in. pipe. The pressures 
ure approximately the same as on the East tank. 

No extra help is employed in connection with the 
tube system, the carriers being handled by the clerks, 
who make out the orders. The total number of car- 
riers transmitted over the whole system for the 24 
hours ending at 1 p.m., May 17, 1913, was by actual 
count 220, which is said to be about half the normal 
average during the busy winter season. The cost of 
maintenance, including all labor and material for the 
entire system of tubes, supply pipes, etc., for the three 
months of January, February and March, 1913, 
amounted to $17.92, which included an abnormal ex- 
pense for clearing out the high pressure supply pipes, 
necessitated by their having been frozen. (It will be 
noted above that the pipes were not laid below frost 
line.) This monthly average of $5.97 is therefore high 
and a more nearly correct figure would be about $3 
per month. 
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MACHINERY FOR HANDLING 
PACKAGES 


By S. L. Haines,' Boston, Mass. 


SMALL 


Non-Member 


The above subject covers a very wide field, and in- 
volves many classes of conveyor machinery, but the 
intention is here to present an illustration of one of 
the latest developments in this line, namely, a novel 
method of handling magazines, the Saturday Evening 
Post and the Ladies’ Home Journal, in the publishing 
house of the Curtis Publishing Company, Philadelphia. 
The same types of machinery, modified to suit condi- 
tions, may of course be used for the handling of light 
boxes, small packages, ete. In with the 
above examples | will also show the manner in which 
the mail bags, filled with the above magazines, are 
handled, by means of the various types of elevators, 
lowerers, conveyors, ete. 


connection 


The magazine handling equipment consists in gen- 
eral of two duplicate lowering machines for the Home 
Journal, and two duplicate lowering machines for the 
Saturday Evening Post, with a belt conveyor distrib- 
uting system in the delivery room for each pair of 
conveyors. Fig. 1 shows the arrangement of the ma- 
chines as actually installed. Two of the lowerers are 
vertical machines about 73 ft. center to center of head 
and foot shafts and the other two have also a hori- 
zontal run of about 50 ft. Each lowering machine has 
two steel roller chains running over sprocket wheels 
as indicated, and have corner hung steel trays sus- 
pended between them and spaced 5 ft. apart. The 
trays have two sides, a back,and bottoms made with two 
slots running from front to back so that loading and 
unloading fingers can extend well back into them. 

The loading is accomplished by automatic loaders 
at each floor. The magazines come from the trimming 
machines in stacks 31% in. high and two of these stacks 
are placed together, one with the backs one way and 
the other with the backs the opposite way, meking a 
7 in. stack. These 7 in. stacks are then moved to the 
loading points where an attendant places them. one at 
a time, on the loading fingers, which, when at rest, are 
The loaders 
are set opposite the ascending line of trays and each 
one is operated by means of a small auxiliary chain 
with a lug, or attachment, which engages with another 
lug on the main chain, just before a tray passes, thus 
working a crank and connecting rod mechanism that 
moves the fingers inward and directly over the slots 
in the tray. Each stack of magazines is then picked 
up by a tray, carried up and over the head sprockets 
and down to the automatie unloader in the delivery 
room. 

In order that the loaders may operate only when 


just outside the casings of the lowerers. 


1 Manager, Elevator and Conveyor Dept., Link-Belt Co., Boston 
Branch. 
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magazines are placed on them, the lower shaft and 
sprocket of the auxiliary chain are arranged in such 
a manner that ordinarily they are back far enough 
so that the lugs will not engage and no movement of 
the loader takes place. It is part of the duty of the 
attendant, after placing a stack of magazines on a 
loader, to throw a lever which moves the lower shaft 
of the auxiliary chain forward into the engaging or 
operating position. 

Further, it is obvious that with this system of load- 
ing, it would not be possible for a loaded tray to pass 
loading fingers in the forward position, since the slots 


one of which is shown in Fig. 2, are located in the de- 
livery room on the first floor, the ones from the two 
Post lowerers delivering to a single wide belt conveyor 
running between the mailing tables, and the ones from 
the Journal lowerers delivering first to a short belt 
conveyor and then to another belt conveyor at right 
angles and also running between the mailing tables. 
At the present time the lowerers run up to the 5th 
floor with loading points on the 2nd, 3rd and 4th 
floors, but they have been built with the idea that they 
may some day be extended to the Sth floor. They are 
operated at a speed of 60 ft. per min., so that with the 
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Fic. DiaGramM SHOWING ARRANGEMENT OF A LARGE INSTALLATION OF MacGazine HANDLING Conveyors, 


or LOADERS 


in the tray bottom would be covered by the maga- 
zines. Since loading on the several floors at the same 
time was one of the requirements, it was necessary to 
make the loaders selective, that is arrange them so that 
they would pick out only empty trays. This was ac- 
complished by arranging an arm, A, Fig. 1, at each 
loader so that it would pass through one of the slots 
of an empty tray but be thrown back by the maga- 
zines of a loaded tray and release a trigger which pre- 
vents the loader from operating. 

The unloading is accomplished by having each de- 
scending tray deposit its load of magazines on two nar- 
row moving belts which extend into the slots in the 
tray bottom, as at B, Fig. 1. These unloader belts, 


AND UNLOADERS 


trays spaced 5 ft. apart this means a maximum of 12 
trays per minute. A 7 in. stack includes thirty-six 
92 page Posts or fifteen 124 page Journals, so that 
when handling magazines of this size each lowerer has 
a maximum capacity of 25,920 Posts or 10,800 Jour- 
nals per hour. 

The drive for the two lowerers, which is operated 
by one 71% h.p. electric motor, is arranged so that the 
trays will deliver their loads of magazines at the 
proper alternate intervals to avoid interference when 
they are delivered to the same belt conveyor in the de- 
livery room. It is so arranged that a spare motor can 
be thrown in on short notice in case of trouble with 
the other motor. The two belt conveyor systems in 
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Fic. 2. View oF ONE OF THE UNLOADING BELTS IN THE DELIVERY 
Room 


the delivery room are each driven by a 1 h.p. motor. 

The electric control system is arranged so that the 
machines can be started and stopped from any floor 
and each lowerer is equipped with counters at head 
and foot and on each loader, so that the number of 
stacks of magazines can be accurately counted and 
also that the counts from the different counters checked 
up to see that they tally and that none of them have 
been tampered with. 
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Fic. 3) View or ONE or THE Matt BaG ELEVATORS FOR RAISING 
To THE Horizontal Conveyor 


apron carrier, or moving platform, running to the 
north end of the room and delivering to the mezza- 
nine floor. The attendant dumps the mail bags 
from his truck at the foot of an elevator, they are 
taken up and delivered to the apron conveyor, carried 
to the north end of the room and deposited on the 
mezzanine floor. Here a second man either places the 
bags in a certain compartment, according to their des- 

tination, or sends them down a 


chute to the weighers on the first 


The mail bags are filled at the i 
mailing tables in the delivery 
room, taken to the north end of sili / 


the room and either stored on a 
mezzanine floor for a future ship- 
ment, or weighed and sent out at os 


tloor. 

These elevators, one of which is 
shown in Fig. 3, are of a special 
design arranged so as not to ex- 
tend below the floor level and yet 


once. Sinee there are several hun- 


be easily loaded at the floor level. 


dred of these bags to be handled 
per hour, it would mean consider- 
able labor and more or less confu- = 
sion to truck them all the way 
through the room, besides which it 
is necessary to take part of them 
to the mezzanine floor. It was de- 
cided, therefore, to install three 
continuously moving chain and 
arm elevators, located at con- 
venient points, and an overhead 


The chains are 6 in. pitch, steel 
bushed, steel roller chains and at 
intervals of 614 ft., there are arms 
consisting of two brackets attached 
to the chain with pin connections 
to allow of flexibility and having 
curved steel plates across the full 
width. The path of the chains is 
shown in Fig. 4. When an at- 
tendant dumps a mail bag on the 
steel plate just above the floor, 
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hic. 5 View or tue Horizontan Mam. BaG Conveyor IN OPERATION 


an arm comes along and sweeps it up around the curve, Fig. 5, is made up with two 12 in. pitch, steel bushed, 
carrying it up and discharging it at the upper turn — steel roller chains with corrugated steel slats attached 
so that it falls on the steel apron conveyor. to them so as to form a continuous apron 3 ft. wide. 

The apron conveyor, a view of which appears in The mail bags ride along on the apron to the end of the 
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254 THE POWER PROBLEM IN THE 
conveyor and fall off into a chute as the chains pass 
around the sprocket wheels. 

The apron conveyor is 166 ft. long and operates at 
a speed of 80 ft. per min. It is driven by a 10 hp. 
motor, and the speed reductions from this motor and 
also from the elevator motors are made by silent chain 
drives from the motors to the first counter shafts and 
then with eut gears. 

Each elevator is driven by a 3 h.p. motor, and at a 
speed of 65-ft. per min., has a eapacity of 600 mail 
bags per hour, the maximum weight of the bags being 
about 200 Ib. 


Fig. 6 shows a later type of elevator and lowerer, 


ELECTROLYTIC 


DEPOSITION OF METALS, H. E. LONGWELL 


known as the compartment lowerer. It will be seen 
that the tray of this conveyor is made up of five com- 
partments, and the building in which it is used is five 
stories high. The machine is used where boxes are 
loaded from various floors and it is the wish to unload 
at various floors. Each compartment has a number 
corresponding to a different floor. Material put on at 
any floor and assigned to the fourth floor, would of 
course be put in the fourth compartment, and at that 
point would be automatically discharged by the roller 
fingers as shown opposite the fire door openings. The 
speed is 60 ft. per min. and the capacity about 3000 
packages per hour. 


THE POWER PROBLEM IN THE ELECTROLYTIC DEPOSITION 
OF METALS 


BY H. E. LONGWELL, PITTSBURGH, PA. 


Member of the Society 


: boas mecting of the Society in New York on Janu- 

ary 9, 1914, was a joint meeting with the Ameri- 
ican Institute of Electrical Engineers and the American 
Electrochemical Society, at which was held a sympo- 
sium on the subject of Electrolytic Deposition of Metals. 
Lawrence Addicks, Mem.Am.Soc.M.E., representing 
the American Electrochemical Society, delivered a 
paper on Limitations of the Problem of Electrolytic 
Deposition, while F. D. Newbury, of the American In. 
stitute of Electrical Engineers, presented a paper on 
Sources of Direct Current for Electrochemical Proc- 
esses. H. E. Longwell, Mem.Am.Soc.M.E., read a paper 
on the Power Problem in Electrolytic Deposition of 
Metals, in which he discussed some interesting phases 
vf the problem of power production in industries of 
this class. His remarks are presented below in abstract 
form. 

In dealing with any technical problem, common sense 
is most useful; but technical knowledge without com- 
mon sense is disastrous. 1 want to emphasize the fall- 
lacy of attaching too much importance to the question 
of mere fuel economy in a power plant, because I think 
there is a little tendency in this direction in the pre- 
sentation of the problem that has been submitted as a 
foundation for this discussion. Sundry estimates are 
submitted as representing the problem cost of steam 
and electrical energy, exclusive of administration, 
taxes, depreciation and interest charges. The items of 
interest, taxes, insurance and depreciation, or more 
exactly, amortization, are too important to be ignored. 
These so-called fixed charges, or investment costs, are 
in general greater in amount than the total cost of la- 
bor, operating supplies and maintenance. They are 
especially significant in that they measure the cost of 
fuel economy. 


To illustrate, let us consider the probable compara- 
tive performances of a high grade steam turbine plant, 
and a gas engine and producer plant, consisting of 
several 1500 kw. generating units. The electrolytic re- 
fining industry offers any investment in the interest of 
economy, an unusually opportunity to 

‘make good,’’ because the investment is permitted to 
work at its utmost intensity continuously 24 hours per 
day every day in the week. 

Assuming the fuel to be the highest grade of bitu- 
minous or semibituminous coal, having a calorific value 
of 14500 B.t.u. per lb., the gas engine and producer 
plant, would, under test conditions, effect a saving of 
14 lb. of coal per kw-hr. over the turbine plant, or say 
2 tons per annum. If the coal costs as much 2s $3 per 
ton this would mean a saving of $6 per kw-year. 

The gas engine and producer plant will cost about 
$50 per kw. more than the steam turbine plant, and the 
question arises as to whether it is worth while to in- 
vest $50 in plant to save $6 a year. Naturally there 
will be differences of opinion as to what would consti- 
tute an attractive return on this extra investment. For 
my own part, I should want 6 per cent for interest, 1 
per cent for taxes, 1 per cent for insurance, and 2 per 
cent for maintenance. Having due regard to the ap- 
palling speed with which new things in engineering 
become old, I shouldn’t feel comfortable unless I had 
a sinking fund of 8 per cent to provide for the safe re- 
turn of my capital. The sum of these items amounts 
to 18 per cent. Even with this gross return assured, I 
think I should be inclined to regard a 6 per cent mort- 
gage as a more attractive investment. In my own 


favorable 


opinion the gross return should be not less than 20 per 
cent per annum, so that this saving of $6 per kw-year 
would be too expensive if it required an extra invest- 
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ment of more than $30 per kw. in plant equipment. 
Those who are interested in the determination of the 
true cost of electrical energy will profit by reading a 


paper, Standardization of Method for Determining 


and Comparing Power Costs in Steam Plants, pre- 
sented jointly by Messrs. H. G. Stott and W. F. Gor- 
A 


ELECTROLYTIC 


DEPOSITION OF METALS, H. E. LONGWELL 255 
the problem, if live steam were used for heating the 
electrolyte, the total steam from the boilers would be 
used as follows: One-half for electric power generator, 
one-quarter for steam driven auxiliaries, and one-quar- 
ter for heating the electrolyte. Steam driven auxilia- 
ries are not as a rule so efficient that they abstract any 


C 


— 


hig. View THROUGH 
such, at the June 1913 meeting of the American Insti- 
tute of Electrical Engineers. 

With respect to the type of power plant best suited 
for the electrolytic refining of copper, I think we may 
safely eliminate the gas engine equipment from serious 
consideration. If the plant will be located where there 
is an abundant water supply available for condensing 
purposes, and where the cost of fuel is reasonable, such 
as to enable a steam plant to display its best economy, 
the gas engine plant would be a doubtful investment, 
even were there no especial reason why it is not desi- 
rable for this particular class of work. There appears, 
however, to be one reason why the proposition is pecu- 
liarly one for a steam plant, which is based on premises 
supplied by those actively engaged in electrolytic cop- 
per refining. According to Mr. Addicks’ statement of 


Fic. 2. A 1500-KW. GEAR-DRIVEN TURBO-GENERATOR INSTALLED 
BESIDE A RECIPROCATING ENGINE SET OF SAME NOMINAL 
CAPACITY 


A TYPICAL EXPANSION STEAM TURBINE OF THE PARSONS TYP! 


serious amount of heat from the steam passing through 
them, so that for the purpose of heating the electro- 
lyte, the exhaust from these auxiliaries would be prac- 
tically as effective as an equal quantity of boiler steam. 
Therefore the boiler steam required for auxiliaries and 
tor heating the electrolyte, would be approximately 50 
per cent of the amount required for generating the 
electric current. 

I am informed by the general manager of one of the 
largest refineries in this country that in a plant having 
an output of 500 tons of refined copper per day, the 
waste heat boilers connected to the reverberatory fur- 
naces forming a part of such a plant, should be ecap- 
able of supplying 50,000 Ib. of steam per hour. This 
is somewhat over 40 per cent of the steam required by 
the main generating units, or practically enough to op- 


Fic. 3 A 


3000-KW. GEAR-DRIVEN DIRECT-CURRENT TURBO- 
GENERATOR OPERATED BY THE CLEVELAND ELEctTric ILLUM- 
INATING COMPANY 
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erate all of the auxiliaries that would usually be run 
by independent steam motors in a steam driven plant, 
and the exhaust from these auxiliaries would take care 
of the heating of the electrolyte. This quantity of 
steam is too important to ignore and even though gas- 
engine driven main generating units were installed it 
would be necessary to make use of this steam from the 
waste heat boilers. 

As | understand it, the practical difficulty arises 
from the fact that while the tanks are operated con- 
tinuously, it is not usual to run the furnaces on Sun- 
day. Consequently it would be necessary to have a 
considerable boiler plant in reserve to be operated only 
one day in each week for the purpose of tiding the 
plant over Sunday. if there were no 
question as to the commercial economy of a gas engine 


And so even 
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It is not denied that this combination has its 
legitimate uses, but it is most certain that mature 
judgment is required for determining the conditions 
under which it may be recommended. 

Admitting the hypothetical economy of the combi- 
nation, let us consider the features that tend to offset 
this advantage. 


figures. 


We have first increased initial cost. 
A low-pressure turbine will in many instances cost 75 
to 80 per cent more per kw. than a complete expan- 
sion turbine. That this is reasonable may be seen read- 
ily by an inspection of Fig. 1, which is a sectional view 
through a typical expansion steam turbine of the Par- 
sons type. Let us assume that the capacity of this ma- 
chine is 3000 kw. . What we must do to convert this 
3000-kw. turbine into a low-pressure turbine of half 


this capacity, is simply to cut out that portion included 


Fic. 4. A 750-KW. GEAR-DRIVEN DIRECT-CURRENT TURBO-GENERATOR IN USE BY THE LOUISVILLE & NasHviLLe R. R. 


and producer plant as a general proposition, this one 
practical operating condition would be sufficient to rob 
it of all of its theoretical advantages. In a steam plant 
the regular boiler equipment is so flexible that it will 
readily take care of the fluctuations in the output of 
the waste heat boilers. Since with modern mechanical 
stokers it is not unusual to force boilers to 200 and 300 
per cent of their normal rating, it is evident that no 
decidedly disproportionate boiler equipment would be 
required to carry the plant over the weekly interval 
in which the waste heat boilers are out of commission. 

The combination of a compound reciprocating en- 
gine exhausting into a low-pressure condensing tur- 
bine looks on first consideration to be inviting, since it 
is generally admitted that between the limits of the 
usual boiler pressure and atmospheric exhaust pres- 
sure, a reciprocating engine is usually more efficient 
than it is customary to make the portion of a complete 
expansion turbine that takes care of this part of the 
pressure range. While the superior fuel economy of 
this combination seems very apparent from purely 
theoretical considerations, there is comparatively little 
available information regarding its amount in actual 


between the two vertical lines AB and CD, and in- 
crease the inlet opening some six or eight times. Now 
it does not require any unusual qualifications to see 
that the part eliminated does not by any means repre- 
sent one-half of the cost of the 3000-kw machine. 
Neither would any one of reasonable intelligence ex- 
pect to purchase 1500-kw. capacity in a reciprocating 
engine for any sum remotely approaching the cost of 
the section that has been eliminated from the complete 
expansion turbine. Again, no one would seriously 
claim that the expense of installing the combination 
unit would be less than twice that of installing the sin- 
gle complete expansion unit, and no one would suggest 
that the charges for attendance, maintenance and op- 
erating supplies would be approximately equal for the 
two units. 

There are, doubtless, cases in which the possibility 
of conserving reciprocating engines already in use 
would justify this combination type of unit, but in a 
plant that is new throughout its desirability is, to say 
the least, highly problematical. The most important 
installation of combination units in the world was ear- 
ried out under the direction of Mr. Stott. He had the 
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justification of conserving valuable reciprocating en- 
gine equipment which was in excellent physical condi- 
tion, and there can be no question that the best pos- 
sible engineering Judgment was exercised in designing 
and executing the project. 

As regards the comparative merits of compound and 
triple expansion reciprocating engines, and turbines, 
as prime movers, the trend of general practice in power 
plant design shows pretty conclusively that the turbine 
has the advantage. It has economic possibilities equal 
at least to those of the reciprocating engine, and mark- 
edly better when working with the high vacuums ob- 
tainable with the newer types of condensing apparatus 
and the copious supply of cooling water that is inva- 
riably found in places that would be regarded as fa 
vorable loeations for electrolytic copper refining 
plants. 

I speak of the economic possibilities of a certain type 
of prime mover rather than of its inherent economy, 
because the latter is inseparably associated with the 
type. A prime mover is not economical simply because 
it is a compound engine, a triple expansion engine or a 
turbine, but because it is economical by design. There 
are hundreds of triple expansion engines that are less 
economical than some compound engines. In fact I am 
not sure that there are authentic records of triple ex- 
pansion engines which show sufficient improvement 
over the economic results of the best examples of two- 
cylinder compound engines to justify the added com- 
plication and expense of the third cylinder and _ its 
connections, 

It is possible to design a turbine that will be less eco- 
nomical than a very ordinary multiple expansion re- 
ciprocating engine. On the other hand turbines are 
built that under suitable operating conditions give 
economic results that cannot be equalled by reciprocat- 
ing engines of any type, however skilfully designed, if 
operated under the same conditions. The advocates of 
the turbine can afford to be unnecessarily modest, and 
claim no more than equality with other types of prime 
mover as regards steam economy, for there remain still 
the unquestioned advantages of lesser cost, and smaller 
installation expenses. 

For some years the turbine was at a disadvantage in 
plants in which it was desirable to generate direct cur- 
rent, for the reason that the rotative speed of an effi- 
cient steam turbine, and the rotative speed of a reli- 
able efficient direct-current generator are not compat- 
ible. This inability has happily been removed by the 
development of a reliable transmission gear, which al- 
lows any reasonable speed ratio between the turbine 
and the generator. This gearing has an efficiency of 
over 98 per cent, and has been in publie use long 
enough to demonstrate that in point of reliability and 


DEPOSITION OF METALS, H. bE. LONGWELL 257 


durability it is at least on a par with any other kind 
of apparatus installed as a part of an electric power 
plant. 

Fig. 2 is a view of one of two 1500-kw. geared sets 
installed at San Diego, Cal. The illustration gives a 
good idea of the size of this unit as compared with an 
engine driven set of approximately the same nominal 
capacity. One of these sets was in regular service two 
years on September 3, 1913, and the second was in 
service two years on February 15, 1914. Fig. 5 shows 
one of two 3000-kw. geared direct-current turbo-gen- 
erator sets installed for the Cleveland Electric [llumi- 
nating Company. One of these sets was put in service 
a year ago January 20, 1914. It is fair to say that 
in this case the exhaust of the turbines is used for dis- 
trict heating, and the units operate only during the 
heating season. Fig. 4 shows a 750-kw. set owned by 
the Louisville & Nashville Railroad Company, which 
has been in service just about one year. In addition 
to the sets illustrated, I might mention six others of 
790 and 1500 kw. capacity, all of which have been in 
regular service for more than two years, and the oldest 
of which will have been in service three years on April 
4, 1915. 

While the geared direct-current unit costs more than 
an alternating-current turbo-generator unit of the 
same capacity, it is cheaper and somewhat more effi- 
client than the combination of an alternating-current 
unit and rotary converter. [| am not in possession of 
reliable costs for compound reciprocating engine- 
driven units, but commercial experience indicates that 
the geared turbine-driven unit has an advantage as 
regards price at the factory. With freight and instal- 
lation costs added, the advantage is obviously more 
marked. 

Figures purporting to give probable plant and unit 
power costs are as a rule unsatisfactory because they 
are affected by too many variable factors. As regards 
plant cost, it might be said that depending on the ex- 
pensiveness or simplicity of one’s architectural tastes, 
his luck in selecting a contractor, his resourcefulness 
as a designer, his finesse as a buyer, the accessibility of 
the site selected, the state of the weather, ete., he ought 
to be able to build a really good turbine-driven plant 
of from 6000 to 9000 kw. capacity, for around $75 per 
kilowatt. 

As regards the cost of power: if one is satisfied with 
investment charges of 1014 per cent per annum, if he 
ean buy really good coal at not to exceed $3 per ton, 
if he is a capable manager and a careful operator, and 
reasonably economical, he ought, with a plant of this 
size, to be able to produce a kw-hr. at the switchboard 
with substantially 100 per cent load factor, for around 
4.3 mills. 
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NOTES ON THE FLOW OF OIL IN PIPES- 


BY E. 


Il. DYER,! SAN FRANCISCO, CAL. 


Non-Member 


A T a meeting of the San Francisco S:ction of the 

AmSoc.M.E., held February 10, the topic for 
discussion was The Transportation of Crude Oil in Pipe 
lines. E. I. Dyer, engineer-in-chicf for the Union 
Oil Company of California, led the discussien by read- 
ing @ paper prepared with special reference to experi- 
mental work on one of the oil pipe lines of his company, 
to determine the various factors influencing the loss 
due to friction in pumping oil through pipe lines, and 
the derivation of formulae by which the friction losses 
could be calculated. An abstract of the paper and 
report of the meeting is given herewith. 


An oil pipe line is primarily an investment, and as 
such, exists for the purpose of enabling its owners to 
derive profit either direetly from the operation of the 
line itself, or from other associated enterprises. The 
time element has always been an important considera- 
tion in its construction. In this state, the production 
of oil has increased at such a rapid rate and with such 
suddenness at times, that it has been absolutely neces- 
sary to build long pipe lines on short notice, and these 
conditions have unfavorably influenced their design by 
putting a premium on practice which, while not usu- 
ally preventing the pipe line from being constructed 
with reasonable certainty of success as an investment, 
has too frequently not resulted in the most profitable 
investment possible. 

Fortunately, undertakings of this character have 
been safeguarded as a rule by a variety of favorable 
circumstances tending to offset mistakes of design. One 
of these has been the absence of competition, due to the 
costly nature of operations on a scale sufficiently large 
to render such competition effective, and another has 
been that experience has developed an empirical prac- 
tice which provides reasonable protection against a con- 
siderable variation in physical conditions. As a rule, 
builders of pipe lines have been content to follow close- 
ly in the footsteps of others, so that we see on every 
hand too much slavish imitation and rule-of-thumb 
engineering, with too little evidence of initiative. As 
a matter of fact, the immense number of variables to 
be dealt with, particularly with California oils, is 
enough to warrant a great deal of conservatism. The 
necessity for quick action has made designers of pipe 
lines the victims of circumstances, and the multifarious 
duties exacted of most engineers connected with oil 
companies, together with a general lack of sympathy 
with research work, has discouraged investigation of 
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the fundamental variables which are at the bottom of 
all pipe line design. 

Hence it is that, as a rule, the oil pipe line in Cali- 
fornia, regarded either as an investment or as a purely 
physical problem, does not always represent the best 
possible solution that might be made for exactly the 
same conditions. The most economical pipe line for a 
given service cannot be determined in advance without 
a working knowledge of the laws governing the flow of 
oil in pipes in general. The determination of these 
laws offers the most important single problem in con- 
nection with pipe line work. 
on it. 


Everything else depends 
Unless the loss of head by friction can be pre- 
determined with reasonable accuracy, every element 
entering into both the first and the operating costs of 
an installation is uncertain, and should the design be 
undertaken in an era of keen competition and small 
margins of profit, a losing venture might easily result. 

In view of the importance of this phase of the sub- 
ject, this discussion is confined as far as possible to 
points bearing upon the friction head in oil pipe lines. 
Neither a full nor a general analysis is attempted, nor 
is anything offered purporting to be a complete and 
final solution of the problem. The information offered 
is of a fragmentary and tentative character, based on 
observations unfortunately subject to considerable 
error, as will appear later, and it is hoped that it will 
promote discussion and stimulate investigations which 
the importance of the subject demands, and if possible, 
at the same time, be suggestive of an avenue of ap- 
proach toward a logical and complete method of deter- 
mining the friction head for any given oil under any 
given conditions. 

The problem of piping oil differs from that of piping 
water primarily in the fact that, whereas water is a 
fluid of well-defined and of almost constant physical 
characteristics within ordinary temperature limits, oil 
is quite the opposite ; no two oils are exactly alike and 
even any one oil is subject to important physical 
changes under variable temperature. While the flow 
of water through pipes offers in itself a sufficiently 
difficult problem, still the laws governing it have been 
determined empirically with sufficient exactness to 
meet all ordinary, practical requirements. For pres- 
ent purposes water may be considered as a liquid of 
almost negligible viscosity at all ordinary tempera- 
tures, although this is not strictly correct, as will ap- 
pear later. Oil, on the other hand, is a liquid of rela- 
tively great viscosity, much affected by change of tem- 
perature. The principal difference between the two 
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from a pipe line point of view lies in this question of 
viscosity and it is logical to suspect that any solution 
of oil flow problems will be found to involve viscosity 
in some form or other. 

Viscosity may be defined as that property of a liquid 
which causes it to offer resistance to relative motion of 
its parts and to change of form. More specifically, it 
has been defined by Clerk Maxwell as ‘** the tangential 
force per unit area of either of two horizontal planes 
at the unit of distance apart, one of which planes is 
fixed, while the other moves with unit velocity, the 
space between being filled with the viscous liquid.”’ 

The viseosity of any liquid may be measured in the 
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the approximate viscosity of water at a temperature 
of 60 deg. fahr., and a typical fuel oil of 16 deg. to 17 
deg. Bé. has a viscosity of about 9000 at the same tem- 
perature. 

It will be seen that the phenomena occurring in this 
instrument do not differ radically from those in a pipe 
line except that the entrance effects are relatively large 
and the operation is on a small seale, under variable 
head and under constant temperature. As previously 
indicated, the viscosity of oil varies over a wide range 
with change of temperature. Thus, a certain oil of 16.6 
deg. Bé. gravity has a viscosity of 200 at 200 deg. fahr. 
and about 13,000 at 50 deg. fahr. In other words, at 


Fic. 1 Curves sHowinc ReLation or Viscosity TO TEMPERATURE IN SEVERAL DirrereENT Crupe 


laboratory and can be expressed either as absolute vis- 
cosity in ¢.g.s. or gravitational units, or else in some 
empirieal unit. An arbitrary unit is more convenient 
for practical purposes, as simple apparatus may be 
used and no computations are required. The instru- 
ment used is known as a viscosimeter or viscometer. 
The type which finds most general application in this 
country consists of a cylindrical vessel of known vol- 
ume and form surrounded by a water jacket which may 
be maintained at any desired temperature. At the bot- 
tom of this vessel is a small circular orifice of definite 
dimensions with a definite form of entrance. A meas- 
ured quantity of the liquid to be tested is put into the 
vessel and the time required to run through the outlet 
in seconds is taken as the viscosity of that liquid at 
that temperature. Thus, if the time is 30 seconds, the 
viscosity is called 30. This figure in fact represents 


the lower temperature it takes 65 times as long to flow 
through the standard orifice as it does at the higher 
temperature. The curves in Fig. 1 illustrate the 
change of viscosity for several crude oils with change 
of temperature. It is worth noting in passing that the 
heavy and the light oils tend to show about the same 
viscosity at a temperature of 200 deg. fahr., and as we 
have seen that viscosity is the measure of the resistance 
of an oil to change of form, these curves should convey 
a lesson to those who are interested in cutting down the 
steam required for atomizing oil in burners. The same 
sheet also shows the effect of change of temperature on 
water; although the change is not great as compared 
with oil, still it is quite noticeable. 

Having noted the effect of temperature variation on 
the viscosity of oil, it will be instructive to make sim- 
ilar observations on the effect of temperature on the 
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resistance to tlow of oil in pipe lines. In making these 
observations it has been convenient to use the Chezy 
formula in the form given by Unwin for use with 
water. This formula is largely used by engineers and 
may be expressed as follows: 


h 0.1008 a 
Where ¢ 
eter, velocity and roughness of surface 
h = loss of head, feet 
(? = quantity, cubic feet per second’ 
L = length, feet 


an arbitrary coefticient depending on diam 


d = diameter, feet 
Trausposing, we have 
hd’ 


0.1008Q-L 
By use of this last expression, ¢ can be determined 
without difficulty for any oil in a pipe line by a series 
of observations, for any temperatures, size of pipes, rate 
of flow, ete. 


oils over the same range of temperatures can be deter- 


At the same time the viscosity of the same 
mined with a viscometer. Two sets of curves can then 
be plotted, one showing the relation existing between 
temperature and ¢ as observed in a pipe line and the 
other, the relation between temperature and viscosity 
From these curves 
two empirical equations may be determined and ¢ 
(temperature) eliminated, giving ¢ In 
cosity. 


as determined by the viscometer. 


terms of vis- 
By substituting this value of ¢ in equation | 1) 
we would then expect to have an expression of the form 
a> 

where c is a constant and f (7%) represents some fune- 
tion of , the coefficient of viscosity. By a series of 
tests we might reasonably expect to be able to deter- 
mine by these means such constants as would enable us 
to predetermine the drop in pressure for any oil in any 
pipe line by measurements of viscosity made in the 
laboratory. 

To make the determinations covering all possible 
conditions naturally requires an extensive equipment, 
patience and sustained effort. I have already indicated 
some of the obstacles in the way of the engineer of the 
oil company, preventing work of this character being 
done. Nevertheless it has been possible to keep records 
of everyday operations which afford some approxima- 
tion to accuracy. In one place which | have had under 
observation for some years there are two oil pipe lines 
respectively 6 in. and 8 in. in diameter and about 2 
miles long, which are in intermittent service as oeca- 
sion demands, carrying a variety of oils, usually at a 
fairly constant rate of about 500 bbl. per hour. The 


temperatures available and the rate of flow are such as 
commercial considerations dictate, so that it has been 
impossible to make changes for experimental purposes. 
The mean temperature in the pipe line averages about 
The lines are buried for practically 


110 deg. fahr. 
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their entire length, although they are exposed for con- 
siderable distances, and for the most part they are 
practically straight. 
and 


They are equipped with gages 
thermometers and the elevations are of course 
known. The gages are of ordinary commercial type 
and therefore at times very unreliable, but they are, 
however, calibrated at more or less frequent intervals 
by a standard gage which is itself checked from time 
to time on a dead weight tester. Errors of pressure 
have undoubtedly crept in; the observations as to 
quantities, temperatures, ete., are made by the regular 
operators and are also known to be inaccurate at times. 
In general, commercial requirements do not permit of 


the conditions being varied at will for purposes of test 


| 
| 
\ 
Ne q 
a e . 
“ee 
= . | 
| 
a | . 
3 
hd* 
For 8° Pipe,o 0/008 
| 
U UL 
VALUES OF ¢ 
Fic. CurRVE sHOWING APPROXIMATE RELATION BETWEEN 
VALUE OF ¢ AND TEMPERATURE IN S-IN. Pipr LINE 


and in other respects they are not ideal. It is particu- 
larly unfortunate that higher rates of flow and ranges 
of temperature have not been available, but their ab- 
sence should not interfere with the general truth, of 
the deductions which | am about to make. 

Values of ¢ have been computed for the two lines for 
some 120 or more runs. Those for the 8 in. lne have 
been analyzed and tabulated and the results given here 
are for that line. Values of ¢ have been plotted against 
temperature as shown in Fig. 2, the temperature used 
being the arithmetical mean of the temperatures at 
both ends of the line. The logarithmic mean would 
probably give greater accuracy but there are so many 
other uncertainties that it is probable that the fall of 
temperature in the line is not strictly uniform any- 
way. The oil represented in the ¢t-¢ curves varies in 
gravity from 16 to 17 deg. Bé. There are a few freak 
points, but on the whole a fair curve can be drawn 
which is reasonably representative of the average. 
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While the curve may not be strictly correct, it is evi- 
dent that it unmistakably shows that ¢ 
larly with increase of temperature. 


decreases regu- 


If we compare the t-¢ and t-7, curves we will at once 
be impressed by their similarity and if we examine the 
viscosity curve for 16.6 deg. Bé. oil, particularly that 
portion which lies between the same temperature limits 
as the ¢-¢ curve, it will be seen that the similarity is 
very striking. In fact, plotting the two on the same 
sheet with the same temperature scale and the ¢ seale 
suitably adjusted, the curves can be made practically 
to coincide. By means of this expedient | have de 
duced the relation 

— 950 
30667 
Now if this value of ¢ be substituted in equation [1] 


we have 
(0.001075 — 1 
327d 


This relation has been cheeked in several instances and 


h 


the agreement with observed facts was as close as might 
be expected under the conditions. You will notice that 
with viscosity of 930 the expression becomes zero and 
The form- 
ula is not proposed for serious use, but is given as a 
With an accurate 


series of observations there is no reason that | see why 


indicates one of the limits of the formula. 
sample of one method of approach. 


a formula cannot be developed in this way to cover all 
conditions. If we inspect the temperature viscosity 
curves again it will be seen that what is true of 16.6 
deg. Bé. oil between the temperatures of 100 and 120 
to be approximately true for 

oil between 145 and 165 deg. 

oil between 110 and 140 de 
7) and 100 de 


because the curves are of the same form and general 


deg. appears also 
12 gravity 
15 gravity g. 
18 gravity oil between g. 

slope between those temperature limits. 

I have digressed slightly from the course I had 
mapped out, wherein | had intended to show how ¢ 
might be expressed in terms of 7 by equating the value 
of t found from the empirical equations of the temper- 
ature-viscosity and temperature-¢ curves. 


H. E. Boner, engineer of tests of the Union Oil Com- 
pany, has developed the empirical equations for both 
the sets of curves shown, and finds that the equation 
of the t-y, curve is 


from which 

5D 
— bo)”: 

He has also derived the empirical equation for the t-¢ 

curve, which is 


70 8.81 
from which 
70 


¥0.1135__ 
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By equating the two values for ¢ thus obtained, the 


value of ¢ is found to be 
- 8,81 
] 


in equation |1] we have 


— 65)°184 


Substituting this value for ¢ 


0.1008Q°L 1.555 8.81 
1 
— 


This expression gives values for the lost head some- 
what higher than the relation first deduced in equation 
4| and as far as it has been checked, with no greater 
accuracy. It, however, offers greater promise of ex- 


will 


be noted that it does not become zero until the coeffi- 


tension over a wider range of temperatures. It 
cient of viscosity becomes as small as 65. I might say 
that the t-r, and t-¢ empirical equations when plotted 
with the 
In considering these 


give curves agreeing very nearly curves 
plotted from the original points. 
equations, it should be borne in mind that they are de- 
veloped from a limited series of tests made on but a few 
oils over a narrow temperature and velocity range. 

If an attempt is made to apply them to conditions 
differing materially from those under which the runs 
were made, it will be found that correct results will 
not be given. Therefore I wish to emphasize the point 
that I have not been attempting to offer a solution of 
the problem, but rather to indicate a promising method 
for arriving at the solution. The velocities used in the 
ubove determinations are lower than those found in 
practice in the field, and this is an important point of 
difference. The same method of development can be 
employed to determine the effect of velocity, but this 
has not been done as yet. I feel certain, however, that 
the methods indicated if carried out on an extensive 
scale and under test conditions, can be made to yield 
reliable results and if this actually proves to be the 
case, the starting point in pipe line design may be in 
the laboratory, commencing with the viscosimeter. 


DISCUSSION 
The commercial considerations have, 
as Mr. Dyer has stated, prevented the obtaining of precise 


WyNN MEREDITH. 
existing lines as to the governing factors in the 
The 


formulae to fit conditions within 


data of 
pumping of California oils. development of empirical 
certain limits is very in- 
teresting. The temperatures used in pumping California oils 
run from about 140 deg. fahr. down to whatever it comes to 
at the delivery station, the stations being usually 12 to 14 
miles apart. This temperature is about as high as can be 
used with the light oils without losing valuable gases; with 
the heavier fuel oils the temperature can be raised very much 
higher without serious loss, because they have very little to 
lose. 

The general practice in pumping is to have about 800 lb. 
pressure at the initial station. Aside from the distances be- 
tween stations, the rate of loss of heat is largely affected by 
the nature of the ground traversed by the pipe line, and has 


a governing effect upon the proper location of stations. One 
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curious thing that happens in pumping heated heavy oils in 
a line with a normal capacity of say 20,000 bbl., is that when 
operating at a rate of from 6,000 to 8,000 bbl., the initial 
pressure is actually greater than it is when pumping up to 
15,000 or 20,000 bbl. This follows naturally, because at the 
higher rate the oil carries the heat further and maintains a 
greater fluidity throughout the line. But it is rather curious 
to see a pump working under one-third capacity with a pres- 
sure even greater than when running at full capacity. 

The economic pumping of heated California oils requires, 
among other things, the proper locating of pumping sta- 
tions with reference to distance between stations, due con- 
sideration being given to differences in altitude. A correct 
formula for the determining of friction head would be of 
great value in the calculations. Experience with existing 
lines has shown the limitations to a considerable extent. For- 
tunately, the errors of calculation with present knowledge 
are capable of fairly simple correction by the addition of 
somewhat larger pipe on the delivery end in the event of sta- 
tions being located slightly too far apart. 

The method of equalizing different divisions of a pumping 
line may also be used to maintain the capacity when it is re- 
quired to pump heavier oils, which usually follow upon the 
decline of an oil field. This method of correction is exactly 
similar to that used in electric circuits, wherein the load is 
increased beyond originally calculated quantities, and addi- 
tional copper is inserted to keep the drop within economic 
limits; only, in the case of an electric cireuit, the copper is 
usually put on the pumping end instead of the delivery end, 
the latter location being more efficient in the case of a hot oil 
line on account of temperature conditions. 


H. W. Crozier. I have been doing considerable work on 
this problem, but have attacked it in an entirely different 
way. Instead of attempting to calculate the head only, I 
have been calculating the hydraulie grade for a whole pump- 
ing unit, that is a pumping station and the pipe extending to 
the next pumping station. The hydraulic grade line which 
the hydraulie engineers have used for many years is a fa- 
miliar device. It consists of a sloping straight line so 
drawn that one end intersects the surface of the water in the 
reservoir supplying the pipe under consideration (neglecting 
entrance losses) and the other end coincides with the surface 
of the water in the terminal tank or reservoir. The distance 
between the hydraulic grade line and the pipe at any 
point is proportional to the pressure at that point and the 
slope of the line is proportional to the friction loss in the 
pipe. 

When considering heated California oils instead of water, 
the hydraulic grade line is no longer a straight line but a 
curved line which droops as the distance from the pumping 
station inereases, due to the drop of temperature caused by 
heat losses due to radiation and conduction through the 
ground in which the pipe is laid. The reason I have been 
giving so much consideration to the hydraulic grade phase of 
this matter is on account of the fact that we have been work- 
ing on mountain pipe lines; these are altogether different 
trom valley lines, where certain definite conditions exist in 
each station. On one mountain line surmounting a consider- 
able summit, four pumping stations, only a few miles apart, 
pump the oil up the mountain slope to the summit while on 
the down-hill slope the stations are spaced from 18 to 26 
miles apart, depending on the slope. Pumping stations on 
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this same line serving relatively level sections are 13 miles 
apart. 

During the construction of that line everybody foresaw 
trouble in getting the oil uphill. My contention was that the 
limitation of the line would be, not in getting the oil up the 
hill, but down, my reason being that there was ample heat 
in the oil to keep the temperature high enough to hold the 
oil in a fluid condition in the 6-mile ascending sections; but 
in the 22 and 26-mile descending sections it was a different 
thing altogether, as the curves in Fig. 1 illustrate very 
clearly. As the temperature drops due to loss of heat the 
viscosity increases with increased rapidity; hence on the long 
descending sections the friction increases rapidly and a limit 
is reached at which it is necessary to install a pumping sta- 
tion with its heaters to pump the oil along. By using a hy- 
draulie grade line platted as accurately as possible, this ean 
be laid out on the profile of the line, and the pumping sta- 
tions located with considerable accuracy. 

Referring to the statement made by the author that equa- 
tion [2] was correct for any definite temperature, I would 
like to point out a question of premise. The statement is 
correct, but in making a test on a pipe line there are no deti- 
nite temperatures; there is a certain temperature at one end 
of the line, and a certain temperature at the other end of the 
line, and | think more stress should be given to the tempera- 
tures between the two. It is not sate to use the average; it 
is much safer to use an integrated value, which can be ob 
tained with a planimeter. The fact that the line goes through 
a variable country, with different soil conditions and differ 
ent rate of radiation, is the problem that is confronting the 
engineer working in diflieult country, or country subject to 
overtiow, and it is very difficult to estimate what tempera- 
ture you are going to get. 

Another problem which is perhaps of as much importance 
as the question here, is to predict the temperature at the end 
of the line. I have been working particularly on long pipe 
lines, tor instance, where there are a series of four or five 
pumping stations pumping oil over a mountain range and 
then a long drop, say a 4000 or 5000 ft. to the seaboard, and 
the problem is to calculate the temperature gradient; we 
know the temperature at the initial point and wish to caleu- 
late the temperature at the terminal, so we can determine 
between what limits to take the viscosity curve illustrated in 
Fig. 1, and thus caleulate the capacity of the line. Satisfac- 
tory equations have been worked out and partially checked 
with observed data. 

In regard to the matter mentioned by Mr. Meredith, it 
seems extraordinary that such a condition should occur where 
pumping stations are operating at say one-third speed, but 
such actually is the case; and it is due to the loss of heat as 
can be readily seen by examining the temperature viscosity 
curves. The heat lost is proportional to the temperature and 
surface of the pipe, so when the velocity is low, the heat 
losses being the same, the oil rapidly cools, increasing in vis- 
cosity and friction until the total head due to friction is 
greater than when the velocity is higher when there is more 
oil passing to contribute heat to make up the heat losses. 


A. C. McLavGuuin’. From the standpoint of an operating 
oil man, it has always seemed to me that the engineer, in 
approaching the question of the transportation of oil through 


1 Superintendent of Operations, Kern Trading & Oil Co., San Fran- 
cisco, Cal. 


: 
att 
/ 
| 
+: 


NOTES ON THE FLOW OF 


pipe lines, is too much inclined to take as his point of de- 
parture the transportation or pumping of water through 
pipe lines, the laws of which are well known. The trans- 
portation of oil is an altogether different problem. In the 
first place, ordinary crude oil is not a simple homogeneous 
liquid such as is water, but is a very complex substance, com- 
posed of compounds of carbon and hydrogen, which in them- 
selves are simple, but which exist in petroleum in almost be- 
wildering number. In erude oil we find something like eight 
normal series of hydrocarbons, each series being represented 
by a large number of compounds differing slightly from each 


other in physical characteristics. In addition to these ordi- 


wary hydrocarbons in petroleum, which we may consider as 
the essential constituents, there are a great many impurities 
in the form of sulphur compounds and nitrogen compounds. 
These impurities are in such large proportions at times as 
protoundly to influence the physical characteristics of crude 
oil. For example, in some California crude oils as much as 
20 per cent of the volume of the crude oil consists of nitrogen 
compounds, 

Since each series of hydrocarbons is composed of mem- 
bers differing but slightly from each other in physical char- 
acteristics, the viscosity, boiling point, specific gravity, etc., 
and since each series differs in the same characteristics from 
each other series, it follows that rarely two samples of crude 
oil are precisely alike. It also follows that if one is to pre- 
diet with accuracy the precise actions of a given crude oil 
under given conditions of pressure and temperature, it is 
necessary that he know the constitution of the crude oil and 
the physical characteristics of each of its components, which, 
of course, is impracticable. Therefore the practical pipe line 
man attempts, in so far as possible, to obtain a mixture of a 
large number of erudes, since it is only by getting such a 


VARIATION IN ABSOLUTE ViscosiTy, IN DyNrEs PER SQ. CM. with CHARACTER- 
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mixture that he can obtain even approximately constant 
physical characteristics. On the other hand, he is limited in 
his mixing crude oils by the fact that different crude oils 
have different values and must be kept separate. In general, 
however, it is the practice of the pipe line companies to mix 
their crudes as much as commercial requirements will allow. 
Furthermore, examination into the chemical constitution of 
crude oil has shown that instead of dealing with a homo- 
geneous fluid like water, we are dealing with a solution of a 
large number of solid substances in an equally large num- 
ber of liquids. For bringing out the result of this feature, 
[ have prepared a number of curves, Fig. 3, showing the 
absolute viscosity in dynes per square 


centimeter of a number of character- 


istic California crude oils varying in 
gravity from 14.9 deg. Bé. to about 
25 deg. Bé. An inspection of these 


that above a 


each 


curves shows certain 


crude oil has a 


fairly constant viscosity, but that at 


temperature 


that certain temperature the viscosity 


snl changes very rapidly with drop in 


temperature. This is explained by 
the tact that above the given tempera- 
ture all of the constituents of the 


crude oil are liquids and the mass 


behaves as a liquid of approximately 


constant viscosity. At this certain 
temperature, which we may call the 
critical temperature, the solid com- 


ponents begin to segregate from the 
mass of the liquid and the viscosity 
of the oil begins to change with great 
The that 
the practical pipe line man in pump- 


rapidity. result of this is 


ing Calitornia oil tends more and 


more to keep the crude above this 


critical temperature, as it is only 


above that temperature that he can 


figure with any degree of accuracy. 


It would therefore seem that 
ful pumping of California oil will be 
brought about by suecesstul methods of heating and success- 


success- 


ful methods of insulating the lines. 

It is observed in pumping hot crude oil through pipe lines 
that the temperature falls with comparative rapidity during 
the first few miles of its passage through the line, and that 
the rate of fall of temperature changes very suddenly and the 
loss of heat is comparatively slow for the balance of the 
distance into the next station. The explanation of this action 
is to be found, I believe, in the nature of the crude oil. In 
the first few miles of the pumping, the crude is above its 
critical temperature and acts approximately as a homogene- 
ous fluid. About 3 to 5 miles from the initial station the 
critical temperature is reached, the heavy hydrocarbons be- 
gin to segregate and form a coating on the inside of the pipe 
which protects the balance of the crude oil into the next 
station. Another factor to be taken into consideration is the 
specifie heat of erude oil, which is only 0.45 as compared with 
water as unity. This means that for a given loss of heat, 
the crude oil will drop twice as fast in temperature as water 
would. 

Another factor which comes in is the matter of mixture of 
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oils in pipe lines, which is a matter that has recently aroused 
considerable interest on account of the so-called Common 
Carrier Pipe Line bill. In the case of eastern crudes (Penn- 
sylvania crudes and other light oils), where the heavy hydro- 
carbons are carried in solution at ordinary temperatures, it 
has been found that crude oils mix or contaminate each other 
in passing through a pipe line in plugs, to the extent of about 
10 per cent of the total capacity of the line. This was 
worked out by Professor Shoter of Cornell University dur- 
ing the Standard Oil Company litigation. Now in California 
erude oil, where are those heavy hydracarbons egndensing or 
segregating on the outside of the pipe line, we naturally get 
a very much greater mixture than in Pennsylvania. In facet, 
nobody knows how great it is; but no doubt it would be a 


GRAVITY ( BAUME) 


Tempe 


OIL IN 


PIPES, E. I. DYER 
valley; and my experience, from tests 1 made, was that the 
oils from Maricopa had the least viscosity of any oil I tried. 


rABLE 1 
Viscos Using Egle 
Oil Average Data, Gravity, 
District | No. Samples Used (Beaumé), Deg. = 
Cent., Seconds 

10) 15.1 O15 
Midway 29 14,58 518 
Sunset... 25 14.3 27 
Mekitt 26 16.37 200 
Coalinga. 62 17.82 341 


Roughtly speaking, tests of 12 gravity Maricopa oil had no 
greater viscosity than 14 gravity Kern oil. Bulletin No. 19 
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Fic. 4 CurRvVES SHOWING RELATIONS BETWEEN GRAVITY AND VISCOSITY OF CALIFORNIA CRUDE PETROLEUM 


very important feature in pumping batches of oil through 
pipe lines. 


R. P. McLauGuuin.’ The curves in Fig. 4, showing the re- 
lation of viscosity and gravity of crude California petroleum, 
are presented with the idea that they may call attention to 
some points that have not been commonly recognized. De- 
velopment of the oil industry in this state has been so rapid 
that most men actively engaged in it have had too little time 
to stop and summarize. Too frequently a few observations 
have been the basis of statements that no general rule could 
be formulated. 


Artruur F, L. Bet.’ There is a very notable difference in 
the viscosity of oil in different fields, especially the Santa 
Barbara field. The Santa Barbara oils of the same gray- 
ity show a marked increase in viscosity over the oils of the 


Dept., California State Mining Bureau, San Francisco, 
al. 


* Chief Engineer, Associated Oil Company. 


of the Bureau of Mines gives the data presented in Table 1. 


A. C. 
ing on the composition of the crude. In a paraflin crude oil, 
the drop in viscosity with the temperature is very such less 
than it is with the so-called asphalt crude oil. Of course 
there is no such thing as an asphalt and a paraflin crude oil 
All crude 
oils are to a certain extent paraffin crude oils, and all parat- 
fin crude oils are to a certain extent asphalt crude oils. 
For example, we have the Pennsylvania characteristic at one 
end and the California at the other. But it is a fact that 
paraffin hydrocarbons decrease in viscosity with tempera- 
ture very much more rapidly than the so-called saturated 
hydrocarbons, which are composed of those asphalt crudes. 
Most of those curves plotted are not curves of viscosity, but 
time of flow; and in examining them it will be found that 
they are very different looking curves from the true viscosity 
eurves when the density of the oil is eliminated. 


Crude oils vary in viscosity, depend- 


except as concerns the end members of a series. 
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H. T. Cory. In regard to Mr. McLaughlin’s comment that 
what is called viscosity is not the true coetlicient of viscosity, 
doubtless the men in the oilfields are using a coetlicient that 
they think better serves their purpose than the true coefficient 
of viscosity. The Beaumé reading and the specitie gravity 
are both intended to express a certain physical characteristic 
of oil; and are simply two ways of expressing that char- 
acteristic. In this particular case these two ways are suf- 
ficiently distinct. However, this “ viscosity’ which has been 
used in the discussion here, and the real coefficient of vis- 
cosity, are so entirely different that the use of the term 
“ viscosity” seems to me very unfortunate. Apparently 
some of the cil terminology is pretty tar from being stand- 
ardized. 


ROBERT Sistey. The standardizing of some of the units 
ot measurement that are utilized, for instance, the measure- 
ment of gravity, the Beaumé seale, is a point that concerns 
our San Francisco Section. Recently, the Standard Oil 
Company issued Bulletin No. 4, in which was deseribed a 
conversion of specific gravity readings into the Beaumé scale, 
and vice versa; and also was given an entirely different for- 
mula than is found in Kent’s Mechanical Pocket Book and 
that adopted by the United States Bureau of Mines. In 
other words, there is evidently a conflict in the adoption of 
an empirical relationship such as the Beaumé seale; and it 
would seem to be one function of this Society, as long as we 
are concerned largely with the manipulation of crude oil, 
especially its use in the industries, to add its weight some- 
what in standardizing those relationships if possible. 


R. P. McLavuGHurx. It seems to me the relation which 
exists between the viscosity and the gravity of California 
crude oils might help to standardize some of these discus- 
sions. I have plotted a number of viscosity tests in the form 
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of curves and there seems to be a definite relation between 
viscosity and gravity. The data for these curves are pub- 
lished in Bulletin No. 31 of the California State Mining 
Bureau and cover in the neighborhood of 60 different sam- 
ples of oil from all parts of the state. The temperature vis- 
cosity curves are tor two different temperatures, namely, 60 
deg. and 185 deg. fahr. 


H. W. Crozier. 1 would like to ask Mr. McLaughlin for 
further information about those curves. My experience 1s 
entirely at variance with his results and, while we have 
always known that the viscosity was in some way related to 
the gravity, so many exceptions have come to our notice 
that, in exact work, we do not consider that knowledge of 
the gravity of an oil sample gives us very much information 
about what its performance will be in a pipe line. 


R. P. McLaveuirs. The curves are, in general, correct 
and show the relation between gravity and viscosity at the 
definite temperatures used, but, as Mr. Crozier stated, there 
are a number of samples which differ widely from the aver- 
age shown by the curve, and I would particularly call atten- 
tion to samples Nos. 40 and 56, which have viscosities over 
twice that given by the reading from the curve, while sam- 
ples Nos. 42 and 50 are very much below the readings of the 
eurve. Also in regard to some of the oils from the Kern and 
Los Angeles fields of about 12 and 13 gravity, there are four 
samples: 53, 54, 26 and 49, which depart widely from the 
185 deg. curve. These curves may be used in a general way 
for the determination of the probabilities, but, as Mr. Crozier 
has pointed out, it is advisable to sample and test the oils 
before making a prediction as to what they will do in a pipe 
line, and it will be noted that many of the exceptions depart 
widely from the average condition represented by the curve, 
which is, of course, a generalization. 


PRESENT TENDENCIES IN RAILROAD WORK 
PAPERS PRESENTED AT A JOINT MEETING IN BOSTON 


THE MODERN LOCOMOTIVE 


By Henry Bartiettr, Boston, Mass. 
Member of the Society 


Twenty years ago the express passenger engine was 
of the eight-wheel type with 18 x 24 in. cylinders, a 58 
in. boiler carrying 160-lb. of steam, a grate area of 19 
sq. ft., a traetive power of 15,300 Ib. and a weight in 
working order of about 50 tons. Since that time larger 
eight-wheel passenger engines have been built, then the 
Atlantic type of locomotive, and now the Pacifie type 
has been reached as the standard express locomotive 
on many railroads. The standard Pacific type express 
locomotive of the Boston and Maine Railroad has 22 
x 28 in. cylinders, a 68 in. boiler carrying 200 lbs. of 
steam, a grate area of 53.2 sq. ft., a tractive power of 
31,600 lb. and a weight in working order of 235,000 Ib. 


Abstracts of papers presented at a joint meeting held at Boston on 
February 4 by the American Society of Mechanical Engineers, the 
Boston Society of Civil Engineers and the American Institute of Elec- 
trical Engineers. 


These locomotives have also many improvements, 
including a superheater, piston-valves, Walschaert 
valve-gear, a brick arch, pneumatically operated fire- 
door, flexible stay bolts, extended use of cast-steel, a 
design of trailing truck permitting the use of a deep 
wide fire-box. 

These engines show an increase of 83 per cent in 
capacity and at the same time an increase of 80 per 
cent in weight over the standard of twenty years ago. 
This increase in weight in about the same proportion 
as the power may perhaps suggest a lack of refinement 
in detail, but upon investigation it will be seen that this 
apparent disparity does not actually exist as one of 
the most characteristic improvements in locomotive 
design has been the introduction of the trailing truck 
which makes it possible to obtain ample heating sur- 
face and larger grate area; this enables the locomo- 
tive to deliver its rated tractive power under all service 
conditions and to do it with the consumption of less 
fuel. 
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Local conditions have developed larger passenger 
engines on some other roads, and the introduction of 
heavier steel cars will require still greater power to 
handle them. An example is the famous No. 999 on 
the New York Central Railroad with which was inau- 
gurated the Empire State Express at the time of the 
Chicago Exposition, and in comparison with this the 
Pacific Type engine that now handles the Twentieth 
Century Limited between New York and Chicago. In 
these engines, the increase of 100 per cent in tractive 
power and 118 per cent in weight is a mute testimony 
to the rapid growth in weight of rolling stock as well 
as in passenger traffic. An interesting feature of the 
old No. 999 locomotive was the water table extend- 
ing the full length and width inside the fire box as a 
substitute brick arch; there can be no doubt but that 
the increased heating surface and circulation obtained 
in this way was an important factor in the phenomenal 
suecess of that engine, but today we are obtaining 
similar results in an easier way with the brick arch 
supported on water tubes. 

The development of twenty years on the Rock Island 
Railroad has been to the use of the mountain type of 
locomotive, the latter being designed to haul heavy pas- 
senger trains over 1 per cent grade at moderate speeds 
and yet be capable of attaining speed of from 50 to 60 
miles per hour on levels. The inerease in tractive 
power here is 138 per cent and in weight 156 per cent. 
One of the best examples of modern locomotive design 
is a locomotive that was built by the American Loco- 
motive Company for the Pennsylvania Railroad for 
testing out purposes. This locomotive which is of the 
Pacific type, has been given a long try-out at the test- 
ing plant at Altoona, at speeds ranging up to 85 miles 
per hour. Notwithstanding the immense power and 
weight of this engine, it has delivered a horse power 
hour on 16.4 lb. of water and 2.66 lb. of coal, establish- 
ing a record in this respect; the best performance of 
twenty years ago was a horse power hour on about 27 
lb, of water and 4 lb. of coal. This remarkable locomo- 
tive showed an evaporation of 6500 gal. of water per 
hour and develops a draft in front of the diaphragm 
of 19.6 in. of water. The maximum coal consumption 
in these tests was 9700 lb. (4.8 tons) per hour, which 
was accomplished with stoker firing; in this manner 
about 50 per cent greater boiler capacity was obtained 
than would have been possible with hand firing. 

Twenty years ago, ten-wheel locomotives were in 
common use for freight service. The standard freight 
engines on the Boston & Maine Railroad at that time, 
had 19 x 26 in. cylinders, a 58 in. boiler, carrying 150 
lb. of steam, a grate area of 19.5 sq. feet, a tractive 
power of 20,600 Ib., and a weight in working order of 
116,000 lb. The present standard freight engine of 
this road is of the consolidation type, with 24 x 30 in. 
cylinders, a 68 in. boiler, carrying 180 lb. of steam, a 
grate area of 53.5 sq. feet, a tractive power of 43,400 


Ib. and a weight in working order of 210,500 Ibs. This 
engine has also the latest features of design such as 
superheater, Walschaert valve gear, piston valves, a 
brick arch, pneumatic fire-door opener, ete., the m- 
crease in this class of engines being 90 per cent in 
power and 81 per cent in weight. 

The transportation of freight is the most important 
problem that the majority of railroads have to con- 
sider, as it produces the largest part of their gross 
revenue and consumes the greatest proportion of their 
operating expenses. In considering the best type of 
locomotives we are confronted with a great variety of 
requirements which must be met in conducting this 
traffic. The consolidation type is giving good service 
where traffic conditions are suited to its limitations, 
that is, low or medium speed; as a type, it carries a 
greater proportion of weight on its driving wheels 
than any other road-engine, and in that respect is the 
most logical type to seleet for the above mentioned 
class of traffic. As the demand came for more rapid 
movement of freight trains, more powerful consolida- 
tions with larger driving wheels were developed, but 
they did not fill the requirements as expected because 
of lack of boiler capacity to furnish steam at the higher 
speed, and also the fact that the larger driving wheels 
had restricted the depth of the fire-box to such an ex- 
tent that a large part of the heating surface was value- 
less. This has resulted in the development of what is 
called the Mikado type of engine which is really a con- 
solidation with a trailing truck which permits the ap- 
plication of a boiler large enough to furnish steam for 
the maximum requirements and at the same time give 
ample room for a fire-box of the requisite area and 
depth. This type is the latest word as a fast freight 
locomotive, a large number having been built in the last 
year or two. 

The Mallet type or articulated locomotive has made 
it possible for many roads to increase greatly the ton- 
nage over a division on which a short heavy grade abso 
lutely limits the train load to a fraction of what could 
be hauled over the remainder of the division and where 
it is too expensive to reduce the grade. Some enor- 
mous Mallet locomotives have been built of recent 
years, one being tested out by the Pennsylvania Ra:l- 
road which has evaporated 71,000 lb. of water and con- 
sumes 15,000 Ib. of fuel per hour; in this engine both 
sets of cylinders are simple, whereas usually Mallet 
locomotives are of the compound type. The fuel con- 
sumed at the above rate was 86 per cent of two con- 
solidation locomotives of equal aggregate power. 

The greatest advance in locomotive development in 
recent years has been the perfection and application 
of the high-temperature superheater. Although in- 
troduced extensively only a little over two years ago, 
it has proved its value so undoubtedly that today there 
are over 7,000 locomotives with superheaters. This 
device makes it possible to reduce very greatly the 
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amount of fuel consumed and what is fully as impor- 
tant also, offers a method of obtaining power without 
exceeding the capacity of the fireman. Among the 
many attempts that have been made to improve and in- 
sure complete combustion, the Gaines fire-box and com- 
busting chamber is an example; in this device, a large 
volume of heated air is introduced into the fire-box 
through tuyeres in the vertical wall which materially 
improves combustion. An important advantage of this 
type of fire-box is the means it offers of getting ample 
depth above the grate in designs with shallow throat 
sheets. 


TRACK 
By A. B. Cortuet,' Boston, Mass. 
Non-Member 


The first steel rails made in this country were rolled 
at Danville, Pa., in 1845. Other rollings were made in 
the same vear by the Boston Iron Works, the Trenton 
Iron Works, the New England Lron Co., and the Phoe- 
nix Iron Co. The first Bessemer rail made in the 
United States was rolled in Chicago in May, 1865; the 
first Bessemer steel rails to be produced on a commer- 
cial order, were rolled in Jamestown, in August 1867. 
The introduction of the Bessemer process thorouglily 
revolutionized the art of rail manufacturing and the 
ultimate effect on railway building and commercial de- 
velopment of our country can hardly be over-estimated. 

Attempts were made about 1870 to roll a combina- 
tion rail with steel head and iron web and base, but the 
rapid reduction in price of all-steel rails rendered this 
process of no economic value, for while steel rails in 
1872 sold for $140 per ton, in 1882 the price had 
dropped to $35 per ton. This cheaper production made 
possible the heavier rail of recent years, also the larger 
locomotives, greater capacity cars, and correspond- 
ingly greater economy in railroad operations. It is in- 
teresting to note in this connection that there seems to 
have been a fixed relation between the weight of rail 
in pounds per yard and the weight of locomotives in 
tons, for when we had 60 Ib. rails in general use, we had 
60 ton locomotives, and with the 100 Ib. rail, came 109 
ton locomotives; roughly speaking in 70 years the 
weight of rails has increased 70 lb. or 1 pound per year. 

Not many years ago the designing of rail sections 
had become a fad. Most engineers were called upon to 
get up a new standard design and nearly all roads had 
their own standard sections. As a matter of record, the 
rail mills at one time had no less than 188 different 
patterns and 119 patterns of 37 different weights per 
vard. The situation was investigated by the American 
Society of Civil Engineers and in 1893, after more 
than three years deliberation, the Society reported 
upon standard sections for rail from 40 to 100 pounds 
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varying in weight in 5 Ib. increments. This report 
was accepted by the Society and recommended to the 
railroads for adoption during the year 1901. Rails of 
the above type of sections constituted fully 75 per cent 
of all the rails rolled in American mills. 

In 1901 the report of the American Railway Asso- 
ciation recommending the use of 33 ft. rails was 
adopted. In October 1907, a preliminary report was 
submitted accompanied by two series of proposed 
standard rail sections and in 1908 the report recom- 
mended types A and B. Sinee October 1907 several 
mills have rolled rails substantially in accord with the 
new sections, both A and B, and it has been demon- 
strated that these sections can be finished in the mill at 
a lower temperature than the A.S.C.E. sections. <A 
finer grained and better wearing rail should be secured. 
However, great care must be exercised in the mills 
to see that the rails are actually rolled at the lower 
temperature. 

During the vear 1913 there has been laid on the Bos- 
ton and Maine Railroad, 500 tons of 85 Ib. frictionless 
rails in curves of 514 deg. and over, with which it is 
hoped to lessen materially the flange wear on high rails 
which on sharp curves is always considerable. Actual 
experiment shows that curve resistance is a great deal 
lessened by the use of this rail. The theory offered 
for the action of the so-called frictionless rail is based 
on the means that it offers the outer wheel on each 
axle to become dominant over the inner one, and the 
inner wheel to slide laterally to release the outer wheel 
flanges as they are forced against the outer rail. The 
outer wheel is traversing a greater distance through a 
curve than the inner one but is making the same num- 
ber of revolutions. On this account, a compensating 
slide of the outer wheel or a spin of the inner one must 
occur. The frictionless rail allows this necessary spin 
to occur at the inside rail. 

No subject concerned with track appliances has been 
more discussed than that of the joint fastening. The 
evolution of joint fastenings has advanced through 
three stages; first, the chair which maintains the ends 
of the rail in alignment and serves as a bearing; see- 
ond, the fish plate which afforded the rail some support 
under the head but greatly improved the matter by 
stiffening the junction of the rails vertically, and third, 
the angle bar which combines the features of the fish 
plate and flange and effected a great improvement in 
both the vertical and horizontal stiffness of joint fas- 
tening; the plain angle bar is very simple, easily ap- 
plied and cheap in first cost. 

The conditions which bear some relation to the wear 
of splice bars are the extent of bearing surface and 
the hardness of the metal. In the new 85 Ib. rails and 
smaller sizes, the question arises whether the plain 
angle bar meets with the ideal requirements of the 
splice bar in the two important respects, strength, and 
the wear in the immediate vicinity of the joint which 
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affects the close union of the parts. We know that 
angle bars are not strong enough because they bend 
and take a permanent set in service, and occasionally 
one breaks. The supported joints which we have had 
in use are the Fisher, the Continuous and the Weber 
joints. 

lor bolts to fasten the joints to the rails, the most 
efficient are those having the so-called grip thread. 
This bolt is made of a soft steel and the threads are 
cold pressed in a manner to upset the metal so as to 
reduce the diameter of the bolt but slightly at the bot- 
tom of the thread. The threads are ratchet shape and 
under cut 5 deg. on the bearing side. In the nut the 
bearing side of the thread is at right angles to the axis 
of the aperture, so that when it is screwed tight against 
the splice bar the threads of the bolt give to the extent 
of which they are undereut and the metal will be 
pushed completely to the outer recesses of the nut 
threads, so as to hold the nut against turning off. The 
nut is square with the corners chamfered next to the 
wearing surface which gives an approximately cirecu- 
lar bearing. On the bearing side the nut is recessed 
the depth of a thread and to a diameter somewhat 
larger than that of the threaded bolt, thus housing and 
protecting the many threads against injury by the 
chafing on the splice bar. 

The first tie-plates were used to prevent rails from 
cutting into and destroying the ties. Gradual develop- 
ment has added other features such as the top shoulder, 
spike hole, bottom claws and ribs, all tending to make 
the tie-plate not only a tie protection but a more valu- 
able rail brace. Economy of material compels a mini- 
mum of weight consistent with strength and one of the 
most important considerations is to obtain a tie-plate 
which will unite firmly with the tie; otherwise it will 
pound the tie and wear it under rail vibration and 
afford no lateral resistance to the spreading of the rails. 
As such a requirement cannot be had by a plate with a 
smooth underside, practically all tie-plates are now 
made with under projections in the shape of claws 
which enter the wood crosswise of the grain or of the 
flanged or rib type which enter the wood longitudinally 
with the grain. In the former case the lateral displace- 
ment of the plate is resisted by an abutment against 
an end section of the fibres. The standard Boston and 
Maine tie-plate has four flanges which enter the grain 
of the tie longitudinally, running the width of the 
plate. The latest tie-plate shows the two longitudinal 
flanges and two smaller transverse flanges on the bot- 
tom, a heavier shoulder and a better portioning of ma- 
terial. 

Wooden ties have been almost universally used by 
the railroads of this country and are still used as best 
practice. Steel ties and ties of concrete construction 
have been made and are used to some extent with vary- 
ing success. For wooden ties, the hard wood tie of 
oak, chestnut and hard pine are used mostly for main 
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line traffic and the softer woods such as cedar, for 
branch lines of light service. The standard Boston and 
Maine tie is 6 in. thick by 8 in. wide and 8 ft. long. 
The average life of a chestnut tie is seven years, and 
hard pine ties eleven years. The life of a tie can be 
lengthened by the use of tie-plates and preservatives. 

I can see no radical change in the present track ma- 
The rail 
may be heavier and more spikes, tie-plates and braces 
added, but the general design will be the same. The 
changes in turnouts and yards will be most marked; 


terials or methods in the immediate future. 


longer switch leads, wider spacings of track, heavier 
rail and more careful maintenance are already neces- 
sary in a great number of our yards due to the in- 
creased loads in power and rolling stock. In the Penn- 
sylvania Terminal in New York City, we find part 
of the tracks laid on stone ballast and some part on a 
solid concrete base, with ereosoted ties bedded therein 
and anchored by bolts to the concrete. 


ELECTRICAL EQUIPMENT 
By Freperic D. Boston, Mass. 
Non-Member 
SYNOPSIS OF PAPER 

The author showed slides illustrating types of later 
electric locomotives and the catenary construction for 
both A.C. and D.C. operation. The present slow 
growth should not be taken as a sign of lessened de- 
termination or activity. The installations already 
made for special requirements, while handling traffic 
in a manner impossible by steam, are short and dis- 
connected, thereby not permitting realization of full 
economies. No statement that installations are other 
than successful can be regarded seriously, for railway 
managers are too conservative and too much occupied 
with detail required of them to listen readily to rad- 
ically new methods of operation. The present attitude 
of manufacturers, each exploiting his own system, is 
confusing to railway men, and detrimertal to their 
common interests; designing engineers are not very 
far apart in their convictions. A standardized system 
of distribution must be worked out before an argument 
strong enough to carry conviction can be presented, 
and the burden of proof must rest on the manufactur- 
ers. 
eration of electrification, since they compare the cost 
of an entire electrification with that of a few steam 
locomotives from time to time without sufficient regard 
for future requirements and without considering the 
various expensive changes in road bed, bridges, engine 
houses, turntables, new shops and tool equipments, ete., 
made necessary by the heavier power, not only a heavy 
eapital charge but an ever increasing operating cost, 
not charged to cost of new locomotives but passed by 
merely as improvements to property. 


Railway managers are not fair in their consid- 
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THE SPRING MEETING 


HE Spring Meeting at St. Paul-Minneapolis, the 
first meeting of the Society to be held in the 
Twin Cities,’ was a decided suecess. The attendance 
Was unexpectedly large, influenced probably as much by 
the natural local attractions as by the program of pro- 
fessional papers. The Local Committee, consisting of 
Max Toltz, Chairman, Chas. L. Pillsbury, Vice-Chair- 
man, K. J. Heinen, Secretary, Paul Doty and W. HL. 
Kavanaugh, had made extensive provision for the com- 
fort and entertainment of the visitors, and the numer- 
ous social features, with the various excursions to 
plants of interest in the vieinity, were thoroughly en- 
joved. 

The meetings were held from June 16 to 19, with 
headquarters at the St. Paul Hotel in St. Paul, there 
being 121 members registered and 279 guests, a total 
of 400. The professional meetings were held in the ball 
room of the hotel, with the exception of the Thursday 
forenoon session, which was held in the Engineering 
Building of the University of Minnesota in Minneap- 
olis. The usual Friday morning session was replaced 
by technical excursions which, in line with the present 
practice of the Committee on Meetings to provide in- 
creased opportunity for social attractions at the Spring 
Meeting, did much to add to the pleasure of the meet- 
ing. Interest in the meeting was also enhanced by the 
provision by the local committee of several papers of 
local interest. 

The headquarters were opened in the hotel for the 
registration of members at noon on Tuesday. At four 
o'clock, the elaborately equipped special train arrived 
trom Chicago over the Chicago, Burlington & Quincy 
Railroad, and was met at the Union Depot by special 
street cars that conveyed the party to the headquarters. 
About 115 members and guests came on this train and 
reported an enjoyable trip. Several stops were made 
en route to view features of interest. 

TUESDAY EVENING RECEPTION 

At 8:30 in the evening a reception was held, followed 
by addresses by the Chairman of the local committee, 
by Governor A. O. Eberhardt, representatives of the 
city of St. Paul, including the Mayor, and by H. L. 
Gantt, vice-president of the Society, who, in the ab- 
sence of the President, James Hartness, replied for 
the visitors. Mr. Gantt spoke of certain duties and re- 
sponsibilities which will undoubtedly fall upon the 
shoulders of engineers. In some quarters the engineer 
has already assumed these responsibilities, in others, 
it has not yet been recognized that such duties belong 
to the engineer; but inasmuch as they are problems 
affecting our national welfare and the engineer seems 
to be the man best fitted to solve them, there is no 
question but that he will ultimately have to accept the 
task of their solution. 
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BUSINESS SESSION 


The business session of the Spring Meeting was 
called to order on Wednesday morning by Vice-Presi- 
dent Gantt. As the first order of business, the Secretary 
announced the membership ballot upon the amend- 
ments to the Constitution, proposed a year ago, with 
respect to the grades of Member and Associate-Mem- 
ber. These amendments were approved and in each 
case resulted in raising the requirement for member- 
ship. Under the new plan one must have reached 
thirty-two vears of age to become a member, and must 
have been in active practice of his profession for at 
least ten vears and in responsible charge of important 
work for five vears; or if a teacher, equivalent experi- 
ence is required as professor of engineering in charge 
of a department. To become an Associate-Member, a 
candidate must be at least twenty-seven vears of age 
with six years’ professional experience and one year 
in responsible charge of work. With these amend- 
ments the Society now ranks with those having the 
very highest professional requirements. 

The Secretary further announced the vote of the 
tellers on the Code of Ethies published in The Journal 
for January 1913, by which this was declared to be the 
code of the Society. 

Henry Hess moved that article C 45 of the Con- 
stitution be amended by adding to the list of standing 
committees the Committee on Standardization. This 
will come up for discussion at the Annual Meeting. 

The next subject was the report of the Committee on 
Standardization of Flanges. This report had pre- 
viously been approved by the Council with an expres- 
sion of high appreciation of the work which had been 
done. The report as presented was the result of con- 
ferences of several bodies interested, held at Washing- 
ton, D. C., in March and in the rooms of the Society 
in New York in April. At these conferences several 
changes were made in the schedule as presented for 
preliminary discussion at the Annual Meeting in De- 
cember and published in The Journal for January 
under the title of the ‘*‘ American Standard.’’ The 
various differences of the several interests had been 
adjusted satisfactorily with the one exception of the 
name by which the report should be known. Earnest 
T. Child and Edward B. Denny spoke for the National 
Association of Master Steam and Hot Water Fitters 
in favor of the name ** 1915 U.S. Standard.’’ As the 
first report was issued under the name ** 1912 U. 8. 
Standard *’ and had beeome widely known, they felt 
that it would be advantageous to retain the name, with 
the date changed. As their organization had initiated 
the movement for standardization, the continuation 
of the original name would also be in the nature of a 
courtesy to them. A. B. Carhart said that orders were 
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coming to his firm for ** U.S. Standard *’ flanges as a 
result ef the 1912 report, without distinction being 
made as to the year, and that confusion might arise 
if the revised report should bear a similar title. 

A motion was made and earried that the matter of 
the name be referred to a committee composed of ap- 
pointees of each of the societies or bodies interested in 
this report. 

Next followed what proved to be the event of the 
business meeting, a discussion upon the subject of 
specifications for steam boilers. The tentative draft 
of the Committee on Steam Boiler Specifications had 
been printed and distributed among a large number of 
engineers so that the work of the committee might be 
checked up and revised before the report was submitted 
for general discussion as will be the case at the next 
Annual Meeting. There had been a meeting at Chi- 
cago on the previous Monday attended by representa- 
tives of the Association of Steel Manufacturers, the 
Association of Tubular Boiler Manufacturers and the 
Boiler Specifications Committee of the Society at 
which there was discussion with regard to the steel 
specifications to be embodied in the report. The dis- 
cussion on Wednesday morning was mainly a continu- 
ation of that started at Chicago and the Chairman an- 
nounced that it would be considered informal only. 
It led to a motion providing for a meeting at which 
the organizations, manufacturers and others concerned 
could appear to present their arguments before the 
Committee and during the discussion of this the Chair- 
man finally asked those most interested to adjourn to 
another room so that the resolution could be put into a 
definite shape and be presented to the meeting at the 
following session. This was done and at the afternoon 
session, E. E. Keller, Vice-President, who acted as 
Chairman at the separate meeting, read the following 
resolutions : 

Resolved that on September 15, 1914, a committee hold 
in the rooms of The American Society of Mechanical En- 
gineers, 29 West 39th Street, New York, a hearing of all 
interested and concerned in the preliminary report of the 
committee appointed to formulate standard specifications for 
the construction of steam boilers and other pressure vessels 
and for care of same in service, and that those desiring to 
participate in the discussion present in writing their criti- 
cisms and discussions prior to August 15. 

Resolved that in addition to invitations, notification by 
publication in the technical press be given to the hearing. 
The resolutions were adopted after considerable dis- 
cussion. 


PROFESSION AL SESSIONS 


Following the business meeting, the first technical 
session was held on the subject of Powdered Fuel, 
which was followed by a topical discussion with several] 
contributions in reply to a set of questions covering a 
number of items relating to the use of pulverized coal. 

Two other technical sessions were held during the 


meeting, One on Wednesday afternoon, with a series of 
miscellaneous papers, and one on Thursday morning 
at the University of Minnesota, when papers by local 
engineers were presented. 
The Journal. 


These will be reported in 

The following is a list of the papers 

read : 

PULVERIZED COAL BURNING IN THE CEMENT INpustry, R. C. 
Carpenter 

PULVERIZED COAL FOR STEAM MAKING, F. R. Low 

AN INSTALLATION FOR PoWpeRED CoaL FUEL IN INDUSTRIAL 
Furnaces, Wm. Dalton and W. S. Quigley 

INDUSTRIAL SERVICE WORK IN ENGINEERING SCHOOLS, J. W. 
Roe 

CLASSIFICATION AND Heatrinc VALUE orf AMERICAN COALS, 
Wm. Kent 

THe Raitroap Track Scare, W. Wallace Boyd 

GeAR TesTiING MAacuiINne, Wilfred Lewis 

A Appiiance, A. M. Levin 

Power DeveELOPMENT at THE High Dam Berween MINNeE- 
APOLIS AND St. Paui, Adolph F. Meyer 

THe HANDLING oF CoaL ar THE Heap or THE Great LAKES, 
G. H. Hutehinson 

MINNEAPOLIS FLour Miuuina, Charles A. Lang 


CONFERENCE LUNCHEON 


Following the adjournment of the Wednesday morn- 
ing session, June 17, a conference luncheon was ten- 
dered by the members of the Council to representatives 
of local committees and sections in attendance at the 
meeting. The Council was represented by Messrs. 
Gantt, Reist, Keller, Davidson, Jackson, Hess, Hunter, 
and Seeretary Rice, and 13 representatives of the Min- 
nesota section and other local committees, the luncheon 
being laid for 21 covers. 

Opportunity was here offered for a general diseus- 
sion of local committee and section matters, and See- 
retary Rice pointed out the great opportunity for de- 
velopment of the activities of the Society through the 
local section work, giving an account of the present 
state of this branch of the Society’s affairs. He also 
gave an interesting account of publication matters and 
other features of general interest in connection with 
the work at the headquarters in New York. 


WEDNESDAY EVENING LECTURE 


On Wednesday evening John Hearding, superintend- 
ent of the Oliver Tron Mining Company, Duluth, de- 
livered a lecture on Ore Handling, in which he showed 
all phases of iron mining work on the Mesaba Range 
from the rough mining methods in the pit to the 
shipping of the ore and its chemical analysis. The 
speaker illustrated his remarks with moving pictures 
which showed the processes in the most graphic man- 
ner, including the steam shovels at work, the various 
methods of mining, especially the open method which 
is the one employed with the steam shovel, and finally 
the shipment of the ore itself. Sampling of the ore 
was shown and also the weighing of each car automat- 
ically as the train passes. The rapidity with which a 
vessel may be loaded with the ore from the stock bins 
into which it is delivered from the train was also shown. 
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There was a large attendance at this lecture, whieh was 
one of the most successful events of the convention. 


SESSION AT THE UNIVERSITY OF MINNESOTA 


The meeting of Thursday morning was held in the 
main engineering building of the University of Min- 
nesota, In Minneapolis, and was ealled to order at 10 
o'clock by C. L. Pillsbury. 


brief introductory remarks in which he spoke of the 


Mr. Pillsbury made a few 


pride of Minnesota in its university and its achieve- 
ments. The main engineering building, he said, is in 
reality the nucleus of a group of new and very fine 
engineering buildings which are to surround it on the 
campus, constituting the College of Engineering. The 
Experimental Engineering Building has already been 
constructed, and the Chemistry Building, the third of 
the group, is now under way, and is expected to be 
when completed one of the finest in the world in point 
of equipment and design for the purpose for which it 
is intended. A new Electrical Building and a new 
Mechanical Engineering Building will be the next in 
order. 

Mr. Pillsbury then introduced the Hon. Fred B. 
Snyder, Senator, and Regent of the University. Mr. 
Snyder briefly recounted the history of the State, from 
its beginning as French territory to its entrance into 
the Union as a full-fledged State. Ile said that he was 
born in the first house built on the other side of the 
Mississippi River and was a baby in his mother’s arms 
at a time when it was not infrequent to see Indian 
faces peering in at the window. If so much ean be 
done in a community in fifty vears, what will the next 
half century have to show in the way of progress? He 
spoke further of the architectural plans of the Uni- 
versity and of how in 1563, to liquidate its indebted- 
ness, a committee of citizens voluntarily offered their 
services to prevent the forced sale recommended by the 
legislature. He also said that the State owed much 
to the pioneer New England stock who formed its first 
colonists. 

Prof. H. T. Eddy, Emeritus Dean of the Graduate 
School of the University, was then introduced. The 
Engineering said, was unique in the 
United States, in that the students were almost exclu- 
sively drawn from Minnesota, and that during the past 
twenty years it had grown from almost nothing to a 
size which places it in competition with other engi- 
neering colleges. Several problems have confronted 
the faculty, among them how its students shall be best 
fitted for their profession, as a result of which an addi- 
tional vear has been added to the customary four, in 
which more strictly professional work has been in- 
cluded. 

Mr. Snyder was then called upon again to speak of 
the ownership by the State of certain lands which 
furnish the University funds, since the University has 
no endowment, but is entirely dependent upon the 


College, he 


legislature for its support. Mr. Snyder said that a 
fixed rate, 0.23 of a mill, is customarily levied upon the 
total assessed value of the State, but in addition to 
this a provision has been incorporated into the State 
organization that certain fixed lands shall be set aside 
for the support of education. 
lands which 


There are also certain 


have come by way of grants from the 
the purpose. 


Many of these are mineral lands, which are leased to 


Government which are used for same 
operating parties, and the rovalty derived is devoted 
to the University. 

Il. G. Reist, Vice-President, representing the Coun- 
cil, then took the chair and made a few brief remarks 
on the inspiration such an active community as the 
Twin Cities afforded to visitors. He had been particu- 
larly impressed with the valuable property set aside 
for park purposes as well as with the beautiful build- 
ings, and with the fine state of preservation of the 
river banks. On behalf of the Society he thanked the 
local members for their efforts in arranging for so in- 
teresting a program and for their welcome to their 
community. He then said that he thought the meet- 
ing would be interested in the fact that the Society’s 
president, Mr. James Hartness, had been detained from 
the Convention because Yale was honoring him with 
the degree of Master of Arts, which required his pres- 
ence in New Haven. It was moved and seconded by 
the meeting that the following telegram of congratula- 
tion be sent to President Hartness: 


The members of The American Society of Mechanical 
Engineers have learned with great satisfaction of the dis- 
tinguished honor of the degree of Master of Arts which has 
been conferred on you by Yale University, and wish to ex- 
press not only their congratulations to you but that you 
should have brought such distinction to the profession. 


The technical papers of the session were then pre- 
sented. 


At the conclusion of the session a buffet luncheon was 
served in the Experimental Engineering Building, at 
which the ladies were also present. The following res- 
olution of thanks was passed at the luncheon: 


Whereas, The American Society of Mechanical Engineers, 
assembled in convention from June 16 to 19, 1914, at St. 
Paul-Minneapolis, Minnesota, has received a most cordial and 
spontaneous weleome from the members and friends of the 
Society in these Twin Cities and vicinity and has enjoyed 
the results of the tireless efforts and faultless preparation of 
the local committees, and 

Whereas, the visiting members and guests have been the 
recipients of the delightful entertainment so bountifully pro- 
vided, and have had the opportunity to visit places of marked 
technical interest ; 

Be it Resolved: That on behalf of the Society, visiting 
members and guests, a vote of thanks be extended to all who 
have participated in these substantial evidences of friendship 
and good-will, with the assurance that such a formal resolu- 
tion as this is but a poor and outward symbol of the deep 
feeling of gratitude which each visitor personally feels for 
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the hospitality so generously extended; further, that the See- 
retary be instructed to extend thanks by written letter, to the 
local Executive Committee, the Ladies’ Committee and the 
cther local committees; and to all individuals and organiza- 
tions that have contributed to our entertainment including the 
educational institutions and clubs of the cities; and in special 
measure to Mr. Gebhard Bohn for the invitation to his home 
for this afternoon and evening. 


RECEPTION AT RESIDENCE OF MR. GEBHARD BOHN 


Immediately after luncheon the members and guests 
were conveyed by special train to the residence of Mr. 
Gebhard Bohn on Lake Minnetonka, where elaborate 
preparations had been made for their entertainment. 
Mr. Bohn’s residence, one of the most beautiful on the 
Lake, has an ideal location on a peninsula which gives 
it the advantages of an island, while it is nevertheless 
connected with the main land. The grounds, which 
are finely laid out, were thrown open to the visitors and 
everything possible arranged for their enjoyment and 
comfort. A platform was erected at one end of the 
grounds for dancing, and entertainment of a profes- 
sional nature was also provided. Daylight fireworks 
also delighted the guests, and much amusement was 
furnished by a silhouette artist who caricatured prom- 
inent members of the Society who were present as well 
as local celebrities. Supper was served about 6 o'clock. 

EXCURSIONS 

The Local Committee had arranged an attractive list 
of excursions to inspect industrial developments in the 
vicinity of St. Paul-Minneapolis and a neat brochure 
was issued relating to these. Perhaps of first interest 
was the High Dam across the Mississippi between the 
two cities, a description of which was given in one of 
the papers presented, but unfortunately high water in 
the Mississippi at the time of the Convention endan- 
gered the coffer dam and the incompleted structures 
so that the inspection of the work there could not be 
made. 

Among other public institutions or plants to be vis- 
ited were the new States Prison at Stillwater, having 
a mechanical equipment of great magnitude, includ- 
ing not only a central power plant and distribution 
systems for water, heat, light, ete., but complete man- 
ufacturing equipment, signal systems, refrigerating 
plants, ete. A trip was arranged to the main power 
plant of the Twin City Rapid Transit Company hav- 
ing twenty-five 550-h.p. boilers and several turbines 
of large size, besides water power equipment. Other 
power plants inspected were those of the Consumers 
Power Company, the St. Paul Gas Light Company and 
the Minneapolis General Electric Company. 

There were also, of course, the great flour mills, 
located near the Falls of St. Anthony on the east bank 


of the Mississippi, where within a space of eight square 
blocks is to be found the largest milling center in the 
world. In this district are 22 of the 26 mills in opera- 
tion in the city of Minneapolis, among these being the 
Washburn-Crosby, Pillsbury, and the North Western 
Consolidated, with a daily output of 77,000 barrels of 
flour. The modern and highly efficient character of 
the machinery employed in the mills is illustrated by 
the fact that the Washburn-Crosby Company has re- 
cently scrapped a power plant costing $30,000 in order 
to replace it with the most modern equipment. 

The industrial plants visited in St. Paul included 
that of the White Enamel Refrigerator Company, man- 
ufacturing house and special refrigerators and the 
refrigerator equipment for refrigerator cars. There 
are now about 70,000 of these cars in operation in the 
United States and Canada and all of the fruit and 
vegetables raised on the Pacific Coast are transported 
in them. <A second plant of this company, the North- 
ern Insulating Company, is devoted to the manufac- 
ture in immense quantities of flax fiber for insulation 
for refrigerators, the processes of which are unique. 

At the American Hoist & Derrick Company, man- 
ufacturers of derricks of all descriptions, hoisting en- 
gines, electric hoists, locomotive cranes, railroad ditceh- 
ers, log loaders and wire rope clips, the actual work- 
ing of a railroad ditcher was shown. Griggs, Cooper 
& Company, with an equipment for making crackers 
and candy, the Waldorf Box Board Company, which 
has a tonnage of about 300 tons per day, and the Crex 
Carpet Company were also thrown open to visitors. 

In Minneapolis, the trips included the Minneapolis 
Steel & Machinery Company, making a variety of prod- 
ucts from steel bridges to the smallest of iron and steel 
castings. The tractors made by this concern are a de- 
parture in farm implements, designed to replace the 
horse in routine plowing, harrowing and hauling for 
farm work. Visits were also made to the North Star 
Woolen Mills and the North Western Knitting Com- 
pany. 

During the conventiqn the ladies were shown about 
St. Paul and Minneapolis in automobiles and given 
every opportunity to see the many attractions of the 
locality. Each guest was presented with a souvenir of 
the convention, in the form of a small silver coin purse. 


DULUTH EXCURSION 


After the close of the convention on Friday, about 
forty members availed themselves of the opportunity 
to visit the city of Duluth, in response to the invita- 
tion of the local members, represented by T. W. Hugo. 
The visitors were shown the harbor of Duluth by moon- 
light on Friday evening, and on the following day 
viewed the large ore-handling apparatus of the city. 
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THE HANDLING OF COAL AT THE HEAD OF THE GREAT LAKES 


BY G H 


HUTCHINSON,! ST. PAUL, 


MINN. 


Non-Member 


A N industry of such importance as the handling of 

coal on the Great Lakes is of interest from an 
historical as well as a mechanical view point, so that it 
has seemed well to trace briefly the growth of the 
traffic and to give step by step the gradual develop- 
ment of the mechanical coal handling devices from the 
simple beginning to the present elaborate installations. 
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Fia. 1 DIAGRAM SHOWING TONNAGE HANDLED AT TWIN PORTS OF 


greater dispatch and with less confusion and conges- 
tion than would be possible by rail. The transporta- 
tion annually of many million tons of iron ore, copper 
and coal, of large quantities of manufactured goods, 
and immense grain crops from tributary territory has 
resulted in the building up of several natural centers 
of distribution of considerable magnitude. Among 
these in order of tonnage are the twin ports of Duluth- 
Superior, Chicago, Milwaukee and Buffalo, together 
with a large number of other ports of importance on 
the lower and upper lakes, Fig. 1. The Great Lakes 
not only facilitate the distribution to consumers of 
the products of the mines, the soil and the factory, 
but make possible the bringing together, at a minimum 
cost for transportation, of millions of tons of iron ore 
and coal, a factor of importance 
tion of steel. 


in the cheap produc- 
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The natural waterway formed by the Great Lakes, 
extending for 1000 miles from Buffalo to the head 
of the lakes, not only affords cheap transportation, but 
facilitates the handling of enormous tonnage with 


1 Chief Engineer, North Western Fuel Company. 
Presented at the Spring Meeting, St. Paul-Minneapolis, 1914, of 
The American Society of Mechanical Engineers. 


lakes is not only the natural distributing point for 
the Northwest, but the harbor itself is unsurpassed, 
considering the essential features of safety, size of 
harbor, length of shore-line, and the large easily im- 
proved area available for dockage. 

The shipment of coal to the Northwest by way of 
the Great Lakes began as far back as 1855, when about 
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1414 tons passed through the Soo Canal. Little, if 
any, of this was taken to Duluth and Superior, as the 
bulk of it went to the copper country in Michigan. It 
remained for Mr. E. N. Saunders, for many years 
president of the North Western Fuel Company, to 
conceive the idea that coal could be easily and cheaply 
carried by way of the Great Lakes through the Soo to 
this northwest territory, so much in need of good fuel 
at reasonable prices. In 1871, he brought up the first 
cargo of commercial coal ever unloaded in Duluth, and 
his total shipments during that year were about 3000 
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Fic. 3 DIAGRAM SHOWING ESTIMATED ANNUAL VALUATIONS OF 
FREIGHT PASSING THE Soo FROM 1887 To 1912 


tons. This enterprise was conducted by Mr. Saunders 
personally for a period of about four years, during 
which time he had no dock and the coal was unloaded 
for him, either by the railroad company or by B. 8. 
Russell, a dealer in Duluth. The coal was not stocked, 
but was reshipped direct by rail. The coal business 
having grown to somewhat large proportions, the lead- 
ing coal dealers in St. Paul and Minneapolis formed 
an association in 1875 to handle coal at Duluth, which 
in 1877 was organized as the North Western Fuel 
Company. J.J. Hill was the first president and E. N. 
Saunders was the general superintendent. The same 
year, a dock was secured at Duluth and equipped for 
handling coal. 
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The increase in tonnage of coal distributed through 
the Northwest is perhaps the best index of the growth 
of this section of the country, as coal is used almost 
exclusively for fuel for domestic and power purposes 
in the cities, and for locomotive firing, and is also in 
general use throughout the farming districts. To a 
limited extent, Eastern coal shipped by lakes is distri- 
buted as far west as the Pacifie coast. The growth of 
the coal traffic, which has been very rapid within the 
past few years, will be further augmented by the 
general growth of the Northwest, the demands made 
by the mills of the Minnesota steel plant now nearing 
completion, and by industries which will be established 
near the steel plant with a view to the fabrication of 
its output. The demand for coal will be further in- 
creased by the decreasing available supply of wood 
for fuel. 

The kinds of coal transported by water for distribu- 
tion through the Northwest comprise the various 
grades of bituminous and anthracite and the several 
intermediate grades of coal from Pennsylvania, West 
Virginia, Ohio, Maryland and Kentucky; the bitu- 
minous coal from Illinois and Iowa and other states 
being distributed by rail. Briquets for both power 
and domestic purposes are also being manufactured in 
considerable quantities at Superior from anthracite 
dust and Pocahontas smokeless screenings. 

The marked increase in the coal trade, as shown in 
the diagram in Fig 2 and of lake and rail traffic of 
all kinds, has called for radical development in the 
means for lake and rail transportation, and in the 
harbor and other terminal facilities, and the writer 
believes that the statement is justified that this demand 
is being met in an adequate manner. As in other lines 
of activity, the increased volume of business and the 
development of facilities are mutually dependent, 
each making the other necessary and possible. In 
considering the extensive and highly developed equip- 
ment of today required by the large tonnage handled, 
we should not lose sight of the fact that the primitive 
methods and equipment may have been as well adapt- 
ed, all features considered, to the primitive conditions 
and to handling the tonnage of the early days, as the 
modern methods and equipment are suited to the 
present conditions and demands. The dispatch which 
is required in handling large tonnage, is the chief 
element justifying as well as demanding present day 
equipment and facilities, for when ultimate economy 
is considered, the gain is apparent rather than real, as 
the cost of actually handling coal is but a small per- 
centage of the total cost, including initial investment, 
maintenance and other overhead charges. This devel- 
opment of facilities has not been restricted to any 
individual feature, but has been general and applies 
to methods of mining, preparation of coal at mines, 
transportation to lake ports, loading to vessels, water 
transportation, and the unloading and other handling 
operations at the receiving docks. 
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Fic. 4 First Exp Car Dumper, By G. H. 
INSTALLED AT ASHTABULA, Onto, IN 1895 ed 


Fic. 7 Tuornsurc Car Dumper, py Wesster, Camp 
AND Lang, 1896, AND INSTALLED AT SANDUSKY, OHIO 


Fic. 5 Car Dumper, INSTALLED ON BurrALo, ROCHESTER 
AND PirrspurGH Dock aBouT 1S98 


Fig. 8 Huretrr Traversinc Car Dumper, BUILT BY WELLMAN- 
SEAVER-MorGAN CoMPANY FOR Strockina Iron Ore at 
Fic. 6 McMyzter Car Dumper, Pa. PitrspurGcH Steet Company’s PLAnt, Pa. 
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DEVELOPMENT OF TRAFFIC ON THE GREAT LAKES 


The degree in which lake vessels have responded to 
the demand of increasing traffic becomes evident when 
we consider that 40 years ago the lake craft was made 
up largely of wooden schooners of 300 tons to 700 tons 
burden, at which time the total annual tonnage pass- 
ing through the Soo canal was less than 900,000 tons. 
In 1912, out of a total of 853 freight carriers, there 
were 127 vessels between 500 ft. and 600 ft long, 
having carying capacity of from 9000 to 11,000 tons; 
and 12 vessels over 600 ft. long, having a carrying 
capacity of betwen 11,000 tons and 14,000 tons. The 
total tonnage pasing the Soo canal in 1913 was nearly 
80,000,000 tons. Fig 3 shows the estimated annual 
valuation of freight passing the Soo from 1887 to 1912, 
showing an increase of slightly more than 1000 per 
cent during 25 years. The coal passing through the 
Soo canals in 1855 was 10 per cent of the total tonnage 
for that year; in 1912 the percentage was 20.6 per 
cent. 

The gradual reduction of freight rates for water 
transportation of coal to Lake Superior for 25 years 
is also shown in Fig. 3, from which it will be noted 
that the rate in 1912 was 30 cents per short ton, or only 
one third of that in 1887. 

Forty years ago, it was necessary to guarantee re- 
turn cargo for a boat, before chartering it for a trip 
to the head of the lakes. At the present time, how- 
ever, the eastbound shipments from Lake Superior 
are about three and one-fourth times as large as the 
westbound shipments, with the result that many boats 
engaged in the iron ore trade return light on the 
westbound trip. 

The increasing tonnage of coal handled from mines 
to lake and seabord ports has, in conjunction with the 
iron ore traffic from the lower lake ports to furnaces, 
led to the introduction of railroad cars of large capac- 
ity, with corresponding development of track and 
motive power, until today there are several hundred 
90-ton cars in service on at least one road, transport- 
ing coal to seaboard, which is from six to twelve times 
the size of coal cars of 40 years ago, and provision 
is now being made at the docks for handling still larger 
cars. 


TRANSFER OF COAL FOR LAKE SHIPMENT 


The transfer of coal at the lower lake ports is or- 
dinarily made direct from cars to boats without stock 
ing. Prior to 1892, coat was loaded to boats from rail- 
road cars either by wheelbarrow or by simple derricks 
equipped with small tubs, into which coal was dumped 
or shoveled, depending upon the kind of cars. In 
about 1892, however, the first successful car dumper 
(Fig. 4) was built at Ashtabula on Lake Erie for 
dumping the entire contents of gondola cars into ves- 
sels at a single operation. This was an end dumper 
designed by Mr. G. H. Hulett and built by the Me- 
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Myler Manufacturing Company, which tilted the ear 
endwise, requiring special gondola cars with end doors 
for discharging the contents of the car into the boat. 
After the installation of a second similar end dumper 
at Fairport in 1893, there followed in rapid succession 
several types of side car dumpers, known respectively 
as the MeMyler, Long, Brown, Thornburg and Hulett 
car dumpers or tipples, which, as the name indicates, 
tilted the cars sidewise and permitted the handling of 
all types of gondola cars, discharging the coal over 
the sides of the cars into a concentrating apron or 
hopper, Figs. 5, 6, 7, 8 and 9. So far as specified above, 
the process of handling the coal was much the same 
by the various side car dumpers, but for the remainder 
of the process, in which the coal is transferred from 
the concentrating apron or hopper to the hold of the 
vessel, there are three methods. 


a That in use on the earlier dumpers in which the 
coal was discharged from the hopper direct to 
the hold of the boat through 
chutes ; 


simple short 


b That in use on several of the dumpers, built 
between 1895 and 1900, in which the coal was 
discharged from the concentrating hopper into 
two or more bottom dump skips of sufficient 
aggregate capacity to hold the contents of a ear, 
these skips being then carried over the boat on 
rams or on overhead track and lowered into 
the hatch before dumping, with view to keep- 
down the breakage ; 

c That in use on all, or nearly all, the dumpers 
built within the past 15 years, and on a few 
earlier ones, in which the flow of the coal is 
measurably controlled within articulated, en- 
tirely enclosed, telescopic chutes or spouts, which 
are extended to the bottom of the boat for 
starting the pile of coal in the hold, and gradu- 
ally raised as the pile is built up, thus largely 
avoiding free fall of the coal in order to reduce 
breakage. 


The number of car dumpers in service is increasing 
rapidly, and at present there is in progress the instal- 
lation of several large car dumpers designed for hand- 
ling forty 100-ton cars per hour. In all the 
dumpers, except a few of the very earliest ones, every 
precaution has been taken to avoid breakage of coal. 


ear 


DOCKS FOR RECEIVING, STOCKING AND RESHIPPING COAL 


At the receiving ports, in addition to the unload- 
ing of coal from vessels and loading to ears for re- 
shipment by rail, provision is made for the stocking, 
during the season of navigation of about seven months, 
of several million tons of coal to serve as reserve stock 
for supplying the heavy winter demands, and also to 
be drawn upon for the filling of such orders, during 
the season of navigation, as cannot be reshipped direct 
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from boats without docking. The docks for receiving, 
stocking and reshipping of coal are built out from the 
shore and vary in width from about 400 ft. to about a 
quarter of a mile, and in length from about 1000 ft. 
to three-quarters of a mile. Ordinarily these docks 
are served by a single slip along one side, although 
a few of the wider docks, which are equipped for un- 
loading on both sides, have two vessel slips for dis- 
charging cargo. The depth of water in these slips 
should be as much as 21 ft, and some slips have been 
dredged to a depth of 26 ft. or more below U. 8S. mean 
low water datum. The slips are of various widths from 
about 60 ft. or 75 ft. up to about 200 ft.; in the wider 
slips provision having been made for the passing of 
two of the widest vessels under tow. The storage areas 
are surrounded on the water sides by timber cribs, ex- 
tending from somewhat below the bottom of the slip 
to dock level at an elevation of approximately 6 ft. 
above mean low water; or by combination cribs, in 
which the lower timber part is capped with concrete, 
which extends from dock level to somewhat below the 
surface of the water. In both types of construction, 
the timber cribs are ordinarily sand filled and addi- 
tional stability is provided by the driving of piles in 
front of the front and back walls, and further in some 
instances by anchoring the cribs to piles driven well 
back in the dock area. The dock area is usually filled 
with sand deposited by hydraulic dredge, which gives 
very satisfactory results, as this method of filling in- 
sures against settlement, providing the original bottom 
is of suitable nature. This district is favored in having 
an abundant supply of river and lake sand suitable 
for filling purposes. The coal storage area is covered 
either with a hard or soft wood plank floor, 2 in. or 
3 in. thick, or is paved with concrete. 

The machine tracks on which the coal hoists and coal 
bridges and other movable equipment travel along the 
dock, are ordinarily of pile and heavy timber, or pile 
and conerete construction. For tracks on which the 
heavier bridges travel, 100 lb., high-grade, steel rails 
laid in either one or two lines are required at each 
truek, and when the pile and concrete construction 
is used, the rails should be carried directly either on 
continuous longitudinal timber stringers, or on wood 
ross ties for cushioning the rails. 

The proper provision for the storage of loaded cars 
and empties, and the loading and weighing of cars, 
with sufficient additional trackage to supply dispatch 
in switching service, requires from two or three to 
five miles of railroad track per dock, and the proper 
serving of these tracks requires extensive belt-line 
facilities. 


DEVELOPMENT OF EQUIPMENT FOR UNLOADING, STOCKING 
AND RELOADING FOR RAIL SHIPMENT 


Prior to 1876, the equipment for unloading coal 
from vessels comprised a tub formed of a half oil 
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barrel, which a horse, traveling along the dock, hoisted 
by means of ropes passing around deflecting sheaves 
located on the dock near the water front, and thence 
over snatch blocks suspended on fore and aft ropes 
spanning the distance between masts on the vessel, 
permitting the shifting of the tubs along the suspen- 
sion rope from hatch to hatch. In unloading by this 
method, the boats, which were of 300 tons to 700 tons 
capacity, were required to lay up about a week. After 
hoisting, the coal was dumped into wheelbarrows and 
transferred to stock pile on the dock, for which pur- 
pose wheeling planks were provided, extending from 
& point over the boat to the rear side of the dock, which 
at this time had a width of about 50 ft to 75 ft. These 
wheeling planks were carried on wooden supports or 
horses, of sufficient height to clear the vessel rail, 
which, at the beginning of unloading, would be about 
3 ft. to 5 ft above the dock. From time to time, as 
the boat rose in being unloaded, it was necessary to 
interrupt the taking out of coal, while the wheeling 
gang blocked up the several bents supporting the 
wheeling plank on the dock to suit the new height of 
boat. Delays incident to this work oceupied about 50 
per cent of the total unloading time. This first process 
is shown on Fig. 10. 

In 1876, the first improvement was made at Duluth, 
which largely avoided this delay, permitting practically 
continuous work in the actual discharging of the cargo. 
As a consequnee of this first improvement, which re- 
sulted in greatly increasing dispatch in unloading, the 
lake freight rate was cut about 75 cents per ton, 
amounting to about 250 per cent of the present lake 
rate. While this change was of a very simple nature, 
it represents a greater saving per ton than any sub- 
sequent improvement, and in fact is one of the few 
developments which has resulted in marked increase 
in dispatch with actual reduction in cost of equipment 
and operation. 

This revised method of unloading is shown on Figs. 
11 and 12, from which it will be noted that similar 
but simplified equipment was used, and that the im- 
provement resulted principally from the nethod of 
supporting the wheeling plank and of stocking the coal. 
The wheeling plank was placed at a fixed height of 
about 10 ft. above the dock, and was carried on ad just- 
able horses placed on the deck of the boat and on a 
horse located on the front of the dock. As the boat 
rose, the wheeling plank was maintained at a con- 
stant height above the dock level by shifting the cross 
beams, which carried the wheeling plank on the horses, 
located on the vessel deck, to successively lower sup- 
ports on these horses, which operation was readily 
performed, and without appreciable delay to unload- 
ing operations. 

Another feature, which reduced the time and simpli- 
fied the operation, was the method of building the 
stock pile, which, in the improved method, required 
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the wheeling plank to extend only to the crest of the 
10-ft. pile at the front of the dock, from which point 
the pile was extended at full height to the rear of 
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Fic. 10 Primitive Metruop or UNLoapinc In GENERAL 
USE OVER THE LAKES PRIOR TO 1876 


by the dock superintendent, who first used this im- 
proved method at the head of the lakes, that both the 
criginal method referred to and this improved method 


Fic. 11 First Improvep Metuop vsep In 1876, GENERAL 
USE OVER THE LAKES 


Fic. 12 Earty Meruop or UNLoapinc Coat AND IrRoN OrE BY HAND SHOVELLING AND WHEELBARROW 


the dock, and served as support for the wheeling plank, 
thus reducing the number of horses required. In the 
criginal method, the wheeling plank extended the full 
width of the dock from the start, and the coal pile 
was built up as the boat rose. The writer is advised 


were in general use over the lakes at the times men- 
tioned. 

A simple form of derrick was in use in Chicago in 
1877 for the purpose of hoisting coal from boats. 
About 1878 or 1879, a special type of derrick was in 
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troduced on the North Western Fuel Company’s 
Duluth Dock No. 1, six of which were spaced along 
the dock front about 66 ft. apart, and arranged for 
operation in pairs, it being possible to operate only 
one pair on a boat at a time. The tubs on the two 
cerricks were hoisted simultaneously by means of a 
small hoisting engine. These derricks were similar to 
those still in use on some of the older docks at Duluth 
and Superior, and were equipped with half-ton Stueb- 
ner self-righting tubs of the same general type as the 
tubs now in use. Tracks were provided along a longi- 
tudinal unloading platform about 20 ft. above dock 


Fic. 13 Dopar Coverep ANTHRACITE STORAGE PLANT, LEHIGH 
VaLLEY CoAaL SALES ComMPpaNy, SUPERIOR 


level with turnouts to tracks on transverse timber run 
ways, on which dump cars were operated by hand, 
making it possible to stock the coal to a depth of 
about 20 ft. on any part of the dock, irrespective of 
the position of the boat. This gave as great flexibility 
in the distribution of coal in stocking as is afforded 
by that type of present day plant in which bulk is 
broken at dock front and in which separate hoisting, 
longitudinal transferring and stocking units are em- 
ployed. This principle of flexibility was recognized 
in this first steam-operated plant, although it remained 
tor later installations to perfect the structural and 
mechanical details. 

About 1881 or 1882, a third and marked improve- 
ment was made by the introduction of a main lineshaft 
running the full length of the dock and equipped with 
an individual hoist for each derrick, which permitted 
the independent operation of each derrick. 

In 1883, a Cleveland concern installed for the Ohio 
Central Barge & Coal Company on its dock in Duluth, 
now Pittsburgh Dock No. 1, eight wooden bridges of 
150 ft span, arranged four along each side of the 
dock and patterned after similar bridges in Cleveland. 
These bridges were built in pairs, with boiler and two 
hoisting engines located on the double pier, from which 
point a rope trolley, equipped with 1-ton tub, was 
cperated on each span. They were equipped with 
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hinged aprons extending over the boat when in service, 


and raised for clearing vessels when not in use. Coal 
was stocked 28 ft. high. The bridges were moved 
along the dock by hand power. These were the first 
coal-handling bridges at the Head of the Lakes. 

Further improvement was introduced in about 1885 
or 1886 in the spacing of the derricks to suit the hatch 
spacing on the boats, which was now becoming more 
uniform, making possible the working of every second 
hatch simultaneously without shifting the boat. About 
this time, also, cables were installed on the level stock 
ing runways for pulling dump cars in both directions 
by power, after having been pushed from the unload. 
ing platform to the runways by hand. 

Prior to the installation of the first reloading run- 
way in about 1885, reloading to cars for rail shipment 
was done by wheelbarrow. From 1885 to 1888 or 1889, 
these reloading runways were equipped with trolleys 
carrying self-righting tubs. The first shovel bucket, 
which was made by Mr. Dole of Cleveland, was put 
into service at the Head of the Lakes on the Pennsyl- 
vania and Ohio dock, at present known as the Boston 
Dock of the St. Paul & Western Coal Company. 

In 1887, nine portable, steam, timber, Hunt hoists, 
each equipped with %4-ton tub and a cable railway 
stocking system, were put into operation on the Lehigh 
Coal & Coke Company’s dock in Superior on St. Louis 
Bay, which is the North Western Fuel Company's 
present Dock No. 2. The hoists were located on an 
elevated platform at the dock front, along which they 
traveled from hatch to hatch in unloading vessels. 
These hoists were placed opposite the runways on 
which it was desired to stock the coal. Side dump 
cars carried the coal back to the stock pile by gravity, 
at the same time raising counterweights which re- 
turned the empty cars to the hoists for reloading. As 
these cars had no longitudinal movement along the 
dock, it was necessary to stock the coal opposite the 
point where it was unloaded, making in this respect a 
less flexible system than that last mentioned, in which 
derricks served by stocking cars traveling longitudi- 
nally on the unloading platform and transversely on 
runways were used. 

In 1888, the Brown Hoisting Machinery Company 
installed for the Pioneer Fuel Company four steel 
bridge tramways on their dock on Rice’s Point. Duluth, 
now operated by the Clarkson Coal & Dock Company. 
These bridges, which are still in use, have a span of 
188 ft., a rear 80 ft. cantilever extension, and a hinged 
apron 34 ft. in length for lowering over the boat. 
Each bridge is carried on a tilting shear leg located 
at the front near the apron hinge. The two outer 
bridges are carried on single piers, and the two inner 
bridges on a double pier at the rear, spanning two 
railroad tracks. A boiler and four steam hoisting 
engines are installed on the double pier for operating 
the four bridges, each of which is equipped with a 
rope trolley carrying a 1-ton tub. The bridges are 
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propelled on machine tracks along the dock in part 
by steam and in part by hand power. The bridges 
are inclined with a rising grade toward the back of 
the dock, and are pivoted at the piers to permit skew- 
ing horizontally to suit hatch spacing. 

In 1890, three similar Brown bridge tramways were 
erected on the Silver Creek Coal & Dock Company’s 
dock, Superior, which was later taken over by the 
Philadelphia & Reading Coal & Iron Company, and 
now operated by the Great Lakes Coal & Dock Com- 
pany. In 1893, three Brown bridges of the same type 
were erected on the Pennsylvania & Ohio Fuel Com- 
pany’s dock at Duluth, which later came into the hands 
of the Boston Coal & Wharf Company. In 1899 a 
single additional bridge was installed on this dock, this 
last bridge being one of the latest installations, if not 
the last one, where tubs were used exclusively, or 
before the introduction of clamshells. 

In 1893, the MeMyler Manufacturing Company in 
stalled several steel bridges, of 180 ft. span with 100 ft. 
cantilever, on the dock of the Youghiogheny & Lehigh 
Coal Company, Superior, on which tubs were at first 
used but later replaced by 1%4-ton clams. This dock 
is now known as the Pittsburgh Dock No. 3, and is 
The Mead Com- 
pany, in about 1895, installed on this dock an auto- 
matie car 


operated by the Reiss Coal Company. 


and eable railway system. 

In 1896, the MeMyler Manufacturing Company in- 
stalled several stationary timber steam hoists, fitted 
with steel booms and equipped with rope trolley carry- 
ing clamshell grab bucket, on the dock of the Lehigh 
Valley Coal Sales Company at Superior. 

In about 1899, four steel suspension cable tramways, 
operated by Lidgerwood hoisting engines, were in- 
stalled on the Lehigh Coal & Coke Company’s dock, 
Superior, which had already been partially equipped 
with the movable Hunt hoists previously mentioned. 
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First Evec- 


Fia. 14 Brown Hoist Towers on Nortu 
Company’s Dock No. 1, Superior, rm 1902. 
Tric Dock 


At the time these hoists were built, or possibly a little 
later, they were equipped with Dole single rope clam- 
shell buckets of about 1-ton capacity, which required 
hand tripping. In 1902, a fifth tramway, equipped 
with grab bucket, was installed by the Mead Company. 
Steam was furnished by main steam line from a cen- 
tral boiler plant at the inner end of the dock. 
loading coal was discharged into the hopper on the 
front pier, and stocked by means of bottom dump 
skips. Reclaiming was done by shovel buckets. 

From 1886 to 1890 inclusive, the Dodge system of 
anthracite storage’ was developed in the installation 
of several plants in the East, and in 1894 a 110,000-ton 
covered anthracite plant of this type was installed for 
the Lehigh Valley Coal Sales Company at Superior 
comprising two units of 55,000 tons each shown in 
Fig. 13. 


In un- 


1 Described in a paper on Hoisting and Conveying Machinery by 
Geo. E. Titcomb, Trans. Vol. 30, p. 123. 


Fig. 15 


Brown Horst Towers, BripGes AND TRANSFER Cars ON Norta WEsTERN Furen Company’s Dock No. 1. 
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FIRST ELECTRIC COAL HANDLING PLANT 


In 1901, the Brown Hoisting Machinery Company 
started for the North Western Fuel Company, the 
construction of the first electrie coal handling plant 
ever installed. This plant consists of four hoisting 
towers with one and one half ton clam shell grab buckets, 
later replaced by two ton grab buckets; three transfer 
cars; three stocking and reclaiming bridges, each hav- 
ing 155 ft. 2 in. spans and 42 ft. 9 in, rear cantilever, 
giving overall length of 508 ft. 3 in., and each equipped 
with one stocking man trolley, carrying a 7-ton self- 
righting tub, and one man trolley for reclaiming, car- 
rying a 4-ton shovel bucket. The hoisting motors on 
the towers are controlled by drum type controllers 
and magnetie switches. Two continuous lines of 
timber bins are provided, one near the front end of 
the dock immedately in the rear of the hoisting towers, 
on which the transfer cars travel, and one at the rear 
of the dock forming support for the rear bridge tracks. 
Coal is unloaded from the boat by means of the 
clamshell, and deposited in a 15-ton hopper in the 
tower. The stocking trolley with its 7-ton tub is 
brought by the transfer car to place opposite the tower 
bin, from which it receives the coal. The transfer 
car then runs to a bridge, with which it registers, 
permitting the stocking trolley to deliver coal to stock 
pile. The function of the transfer car is to give flexi- 
bility of operation in unloading, stocking, reclaiming 
and direct reshipment by rail, thus permitting the 
stocking of coal wherever desired on the dock, irre 
spective of the location of the vessel and hoisting 
towers, and equal flexibility in loading out. 
Later a fourth bridge was added with reclaiming 
trolley. Direct current is furnished this equipment 
from a central generating system located on the dock. 
To relieve the generators of the high peaks, incident 
principally to accelerating in hoisting and traveling, 
a storage battery was installed, having momentary 
output of 2040 amperes, later increased to 2720 am- 
peres. The rated capacity of this plant was the un- 
loading of a 5000 ton boat in ten hours. In actual 
performance, however, this has at times been consider- 
ably exceeded. The construction and equipment of 
this dock is important, as it was the first electrically 
operated dock in the world; the first on which coal 
handling man trolleys were used; and the first coal 
dock on which all the operations were performed by 
power, making possible a new record for speed and 
capacity (Figs. 14, 15, 29 and 30). 
In 1902, three Brown bridge tramways were in- 
stalled for the Eastern Railway Company of Minne- 
sota, and later taken over by the Jones & Adams Com- 
pany. This dock is now known as Pittsburgh Dock 
No. 6, and operated by the Island Creek Coal Sales 
Company. These bridges were equipped with rope 
trolleys carrying 1%4-ton clamshell grab buckets, and 
were operated by steam. 
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In 1905, the Mead Company installed, for the M. A 
Hanna Coal Company on their Superior Dock, a plant 
comprising three steam traveling unloading hoists, 
which are mounted on a longitudinal unloading plat- 
form, each equipped with a 2-ton clamshell; two 262 
ft. span traversing bridges for stocking and reeclaim- 
ing bituminous coal, and Mead automatic cars and 
cable railway for stocking both bituminous and an- 
thracite coal. In stocking bituminous coal, the auto- 
matic cars run along tracks carried on transverse 
stationary elevated runways, leading to the longitu- 
dinal tracks on the bridges, giving flexibility in stock- 
ing operations. In stocking anthracite, the course of 
the car is confined to the elevated stationary runways 

A similar installation was made by the Mead Com- 
pany about the same time on the Northern Coal & 
Dock Company’s dock, Superior. 

The Zenith Furnace Company’s dock, Duluth, is 
equipped with four Mead unloading towers handling 
2-ton clams, one Mead bridge and Mead automatic car 
and cable railway system. 

In 1906 and 1907 the Duluth and Lron Range Rail- 
road Company's coal dock at Two Harbors was 
equipped with a Mead plant comprising three steam 
hoisting towers handling two-ton clams, and mounted 
for traveling on a 40-ft. high steel trestle; an electric 
four-ton automatic car and cable railway system; and 
an electrically operated stocking and reclaiming bridge 
handling a two-ton shovel bucket. 

This dock has a storage area about 275 ft. wide by 
900 ft. long, and a nominal storage capacity of about 
150,000 tons. Owing to local conditions the dock does 
not directly face the slip, which requires the hoisting 
towers to operate at some distance from the storage 
area, giving conditions to which the portable hoist 
and eable railway system is peculiarly adapted. 

A recent Mead installation of same general type 
but different in detail, made on the Washington Street 
dock of the Milwaukee Western Fuel Compeny at 
Milwaukee, and equipped with screening plant in 
bridge in place of the fixed loading bins, is shown in 
Fig. 16. 

The stocking of coal by means of a belt conveyor on 
a bridge is a method used by the Robins Conveying 
Belt Company. In one plant of this type coal is 
stocked on the dock at the rate of 600 tons per hour, 
the conveyor having a traveling tripper for distribut- 
ing the coal, which it receives from a second belt con- 
veyor, which in turn receives the coal from a system 
of conveyors at the unloading towers. Reclaiming is 
done by a clamshell bucket at the rate of 300 tons per 
hour. 

In 1906, a 200,000-ton covered anthracite storage 
plant for stocking coal 60 ft. high was installed on see- 
tion 2 of the North Western Fuel Company’s Superior 
Dock No. 1. Coal is unloaded by two Heyl & Patter- 
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Fic. 16 Meap Hoist Towers, Avromatic Cars, CaBLE RaILway AND BripGes, MILWAUKEE WesTERN Company’s WasuH- 
INGTON STREET Dock, MILWAUKEE 


Fic. 17 Humpurey Lowertnc Fic. 18 anp Patrerson ANTHRACITE Hoists AND DopGE 
STOCKING CONVEYOR, INSTALLED ON NortTH WESTERN FUEL 
Company's SupeRIOR Dock No. 1, 1906 


Fic. 19 Dopce Coat Hanpiine Brinces anp AvuxILiary Equipment, Berwinp Co., 
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Fic. 21 Turee Patrrerson BripGes oN Norto Western Company’s Dock No. 2, SUPERIOR 


son electric hoists, equipped with 3-ton clamshells, and 
stocked and reclaimed by means of Dodge reversing. 
electric-driven, ribbon bottom, flight conveyors of 250 
and 300 tons hourly capacity. In stocking, coal is 
discharged from the top run of conveyors into storage 
building or 3000 ton shipping pocket, and reclaimed 
by the bottom run of these conveyors, working in 
tunnels beneath the coal pile. Breakage of coal is 
avoided, when starting the pile in stocking, by lower- 
ing the coal through Humphrey shelf lowering chutes, 
Fig. 17. After building the pile to full height at a 
single point, the ribbon bottom of the conveyor is 
drawn in, or extended, as the crest of the pile ad- 
vances. The coal is loaded for reshipment at the sin- 
gle 3000-ton shipping pocket. This plant is shown on 
Fig. 18. 

In 1907 or 1908, the Wellman-Seaver-Morgan Com- 
pany installed two Hulett bridges of 176-ft. span with 
130--ft. cantilever, and equipped with 2-ton grab buck 
ets, on the Boston dock of the St. Paul & Western Coal 
Company. These bridges are steam operated and are 
provided with separate hoists and trolley engines, and 
controlled by two operators. 


=) 


One of the larger electric bituminous coal handling 
bridge installations, on which the rope trolley is used, 
was made on the Berwind Fuel Company’s Dock in 
Superior in 1907. Fig. 19. This is one of the later 
trolley installations prior to the general introduction of 
the large man trolley bridge. These bridges are 506 
ft. long with 295 ft. span, equipped with 3-ton clam- 
shells, and are supplemented by revolving locomotive 
cranes and movable screenings tower. All motions of 
bridge and bucket are controlled by one operator from 
either of two fixed control stations. All equipment 
on this dock is electrically operated by means of 400- 
volt, three-phase, alternating current. 

Fig. 20 shows the Duluth, Missabe & Northern coal 
dock at Duluth, which is 604 ft. wide by 2000 ft. long 
On one half of this dock was installed in 1907 a Mead 
plant, comprising three portable hoists equipped with 
2-ton clams, 4-ton automatic car and cable railway 
system, and a stocking and reclaiming bridge with 2- 
ton shovel bucket. Provision has now been made for 


‘similarly equipping the other half of the dock, using 


4-ton clams, in place of the 2-ton clams, on two addi- 
tional hoists. 


\ . 


Fic. 22 Hey. anp Parrerson BituMINOUS AND ANTHRACITE PLANT, PHILADELPHIA AND READING CoaL AND IRON Company’s Dock, 


SUPERIOR 
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ELECTRICALLY-OPERATED 
MAN-TROLLEY COAL BRIDGE 


The first electrically op- 
erated man trolley coal 
bridge, in which the un- 
loading, stocking, reprepar- 
ing, reclaiming and loading 
out were accomplished by a 
single unit, was installed by 
Heyl & Patterson on the 
North Western Fuel Com- 
pany’s Superior Dock No. 
2 in 1909. This bridge has 
a span of 363 ft. 4 in. and is 
455 ft. 6 in. long overall, 
with screening and loading 
out plant mounted on the 
shear, and run of pile loading plant on the pier. 
The man trolley was equipped with 5-ton Heyl and 
Patterson clam for unloading and reclaiming bitu- 
minous coal, this being the largest clam thus far 
installed at the head of the lakes. One man con- 
trols the operation of the trolley in unloading, 
stocking and reclaiming and bridge traversing. This 
bridge is operated by three-phase, 25-cycle, 440-volt, al- 
ternating current, stepped down from 13,200 volts by 
main transformer located on the bridge. This is the 
first traveling bridge to take current from high-tension 
trolley feeder line along the dock by means of collector 
shoes. The man trolley is equipped with two hoist mo- 
tors and two rack motors, operated by master control- 
lers and magnetie switches. The friction clutches and 
brakes are operated by compressed air. Dynamic brak- 


Fig. 23. Brown Hoist BripGes on PirrspurGH 


ing is provided for racking and lowering, for which 
direct current is supplied by a small motor generator 
set delivering direct current at 40 volts. 

Beginning with 1909, there was an unusual develop- 
ment of docks and equipment, and within the next few 
years, ten bridges, similar to the ones just described, 
were installed in Superior and Duluth, as follows: two 
on the Carnegie Fuel Company’s Dock No. 1, Super- 
ior; two on the Philadelphia & Reading Coal & Iron 
Company’s Dock No. 2 in Superior; two on the Island 
Creek Coal & Sales Company’s dock in West Duluth ; 
two on the North Western Fuel Company’s Dock No. 
2, Superior; one on the North Western Fuel Com- 
pany’s Dock No. 1, Superior; and one on the Reiss 
Coal Company’s dock—Pittsburgh Dock No. 3—in 
Superior. With the last bridge installed on the North 


Fic. 24 Panoramic View oF MEAD ANTHRACITE AND BITUMINOUS 
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1912, the 
which was somewhat more elaborate, 
was mounted on separate trucks and attached to the 
bridge for traveling. Fig. 21. A 6-ton clamshell was 
provided for this bridge, and the 5-ton clams on the 
other two bridges on this dock were also replaced by 
the 6-ton clams. In order largely to eliminate hand 
cleaning up boats, after the unloading 
clam had picked up the coal within reach, a specially 
4-ton clean-up clam was developed. This 
clean-up clam is described in more detail a later 
paragraph. 

In 1910, in conjunction with two of the bituminous 
bridges above mentioned, there was installed on the 
Philadelphia & Reading Dock at Superior, an electric, 
covered anthracite plant, comprising two stationary 


Western fuel Company’s Dock No. 2 in 


screening plant, 


shoveling in 


designed, 
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unloading hoists equipped 
with rope trolleys carrying 
d-ton clamshells, a double 
storage building of steel 
construction 350 ft. 500 
ft., a mechanical screening 
plant for repreparation of 
the 


by 


coal, and a shipping 


pocket for reloading at a 
single point (See Fig, 22 


In 1910, an extension 144 


by 480 ft. was made to 
the North Western Fuel 
Company's Superior Dock 


No. 1 
plant, in the form of a steel 
storage building equipped 


anthracite storage 


with a 3-ton man trolley, 
which carries a 5'4-ton skip for stocking and a 3-ton 
clamshell for reclaiming, with necessary additional 


elevators and conveyors, to supplement the original 


conveyor system, for transferring coal to and from the 
building. 


of about 


This gives a total anthracite storage capacity 
265,000 tons on this dock. 

Fig. 24 shows an electrical installation on the Car- 
negie No. 2 Dock, Duluth, comprising two Mead bitu- 
minous bridges of 382 ft. span, and anthracite plant 
consisting of two traversing unloading hoists equipped 
with clams, and a steel storage shed 280 ft. by 404 ft. 
equipped with rope trolleys, operating on six runways. 

An unusual arrangement of bridges was installed in 
1911 on the Pittsburgh Coal Company ’s Dock No. 7 by 
the Brown Hoisting Machinery Company (Fig. 23). 
This installation comprises three two-span bridges on 


PLANTS, INSTALLED ON CARNEGIE Dock No. 2, Duturn, 1x 1912 
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Fic. 25. Brown ScreEENING PLANT ON PirrspuRGH CoaL Com- 


PANY’s Dock No. 7, 


the front of the dock and two single-span bridges at 
the rear, the spans having a uniform length of 242 ft 
Each of the two-span bridges and one of the single- 
span bridges is equipped with a man trolley carrying 
a 5'%4-ton grab bucket. The single-span bridges may 
be operated separately, or may be registered with any 
of the two-span bridges, thus forming continuous run- 
ways 726 ft. long across the dock; or including canti- 
levers and apron the overall length is 839 ft. Other 
interesting features of this installation are the swivel- 
ing trolley and the screening plant. The swiveling 
man trolley, provided with turntable to facilitate clean- 
‘ing up the hold of boats, is further described in a 
later paragraph. A very complete screening plant, 
of new design and large capacity, is located in the 
rear pier of one of the single-span bridges, Fig. 25 
This is furnished with bins, shaking and revolving 
screens, and the necessary elevators and conveyors 
for the preparation of lump coal and the separation 
of the degradation into nut, stove and screenings, with 
provision for loading box and gondola cars or return- 
ing to stock pile on the dock, as desired. Last year, 
# similar installation with longer span bridges was 
made on the Pittsburgh Coal Company’s Dock No. 5 
in Superior. 

The coal handling plant installed last year on the 
Canadian Pacific Railway Company’s Fort William 
Dock by the Wellman-Seaver-Morgan Company, con- 
sists of two automatie unloaders equipped with 8-ton 
scoops, a man trolley bridge carrying a 9-ton grab 
bucket, and a transfer car system with trestle and bins 
to give flexibility to the plant. Transfer cars are of 
35-ton capacity, and are equipped with recording 
seales accurately weighing all the coal they handle. 
The plant has a capacity for unloading a 10,000-ton 
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boat in 15 hours. Thirty loading pockets are provided 
from which cars are loaded by means of a double-ended 
Christy box-car loader, giving a very large loading 
out capacity. 
this plant. 


Fig. 26 shows a good general view of 


COMPARISON OF ELECTRICALLY 


1902-1913 


OPERATED PLANTS: 


The tendency towards a few large units in the devel- 
opment of coal handling equipment within the past 
few years is shown in the comparison of the electric- 
ally operated plant installed on section 1 of the North 
Western Fuel Company’s Dock No. 1 in 1901, and the 
electric coal handling bridge installed in 1913 on see- 
tion 3 of the same dock, these being the first and 
latest electrically operated plants installed at the Head 
of the Lakes. The plant first mentioned has, as prev- 
iously described, four hoisting towers and four bridges 
With the necessary transfer cars, having rated capacity 
for unloading a 5000 ton boat in 10 hours, and serving 
a dock about 560 ft. by 1100 ft. on which bituminous 
coal is stocked 30 ft. high. The second installation re- 
ferred to, on section 3 of this dock, consists of one 
Heyl & Patterson bridge having a single span of 551 
ft. and being 712% ft. long overall, on which is 
operated a man trolley equipped with a 12-ton clam- 
shell for unloading, stocking and reclaiming, and 
6-ton clean-up clam. This bridge serves a section of 
the dock about 610 ft. by 750 ft. and stocks bituminous 
coal to a height of 50 ft. Coal is reloaded to cars at 
both ends of the bridge and rescreened, when desired, 
at the pier end. Provision has also been made in the 
construction of the bridge for the future installation 
of a more elaborate detached screening plant for re- 


Fic. 27 Loapine TrucKsS AT SHEAR END or NORTH 
WEsTERN Company’s Bripae No. 5, Dock No. 1, 
SUPERIOR 
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Fic. 26 Hurerr Avromatic UNLoAbERS, TRANSFER CARS, AND STOCKING AND RecLAIMING BripGe ON CANADIAN Paciric Dock, 
Fort WILLIAM 


preparation of coal. There is required on this bridge 
for its operation one man trolley operator and one 
oiler. This bridge has a rated capacity for unloading 
and stocking coal on dock from a 10,000-ton boat in 20 
hours, acomplishing with a single unit and with only 
two men on the bridge, as much as four unloading 
hoists with a total of eleven units accomplished with 
about ten or twelve men on the equipment in the first 
mentioned installation (Figs. 27 and 2s). 

An incidental advantage of bridges long enough to 
span the entire width of dock is the elimination of 
intermediate runways or supports from the stocking 
area, which in the short span bridges, reduce the 
storage space and obstruct the operations of stocking 
and reclaiming. 

At the present time two installations are being 
made, one on the Reiss No. 3 Dock at Superior, which 
is being equipped with a Heyl & Patterson bridge ; and 
another on the Missabe and Northern Dock at Duluth, 
comprising Mead hoists and cable railway system with 
bridge, as previously mentioned. 


METHODS OF HANDLING AT RECEIVING DOCKS 


While it is evident, from a consideration of the 


several types of plants briefly described above, that 
there are several methods of handling the coal at the 
receiving docks, it is true that these methods group 
themselves under two general heads, as follows: 
a That in which the bulk of coal is broken at the 
dock front by temporarily storing the coal in 
a receiving hopper, located, in the hoists, for 
later discharging to independent units for trans- 
ferring to stock pile ; 
b That in which coal is delivered direct to stock 
pile in a single operation without breaking bulk. 


Under case (a),where bulk is broken at the dock front, 
the unloading is done by fixed or traversing hoists or 
unloaders used only for this operation, while the stock- 
ing is done by equipment ordinarily acting indepen- 
dently of the hoists. This stocking equipment is of 
various types, and the method employed for stocking 


is again divided into two general classes: 


(1) That in which no provision is made for longi- 
tudinal transfer of the coal, necessitating its 
being stocked directly back of the unloading 
tower, so that boat must be placed opposite the 
area on which coal is to be stocked. 


Fic. 28 Norra Western Fuet Company’s Dock No. 1, SUPERIOR, SHOWING ANTHRACITE SECTION AND LarGcest CoaL HANDLING 
BRIDGE INSTALLED TO DATE 
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BROWN SCREENING PLANT ON PirrspuRGH CoaL Com- 
PANY’s Dock No. 7, Du.uru 


the front of the dock and two single-span bridges at 
the rear, the spans having a uniform length of 242 ft 
Kach of the two-span bridges and one of the single- 
span bridges is equipped with a man trolley carrying 
a 5%-ton grab bucket. The single-span bridges may 
be operated separately, or may be registered with any 
of the two-span bridges, thus forming continuous run- 
ways 726 ft. long across the dock; or including canti- 
levers and apron the overall length is 839 ft. Other 
interesting features of this installation are the swivel- 
ing trolley and the screening plant. The swiveling 
man trolley, provided with turntable to facilitate clean- 
‘ing up the hold of boats, is further described in a 
later paragraph. A very complete screening plant, 
of new design and large capacity, is located in the 
rear pier of one of the single-span bridges, Fig. 25. 
This is furnished with bins, shaking and revolving 
screens, and the necessary elevators and conveyors 
for the preparation of lump coal and the separation 
of the degradation into nut, stove and screenings, with 
provision for loading box and gondola cars or return- 
ing to stock pile on the dock, as desired. Last year, 
# similar installation with longer span bridges was 
made on the Pittsburgh Coal Company’s Dock No. 5 
in Superior. 

The coal handling plant installed last year on the 
Canadian Pacific Railway Company’s Fort William 
Dock by the Wellman-Seaver-Morgan Company, con- 
sists of two automatic unloaders equipped with 8-ton 
scoops, a man trolley bridge carrying a 9-ton grab 
bucket, and a transfer car system with trestle and bins 
to give flexibility to the plant. Transfer cars are of 
35-ton capacity, and are equipped with recording 
scales accurately weighing all the coal they handle. 
The plant has a capacity for unloading a 10,000-ton 
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boat in 15 hours. Thirty loading pockets are provided 
from which cars are loaded by means of a double-ended 
Christy box-car loader, giving a very large loading 
out capacity. 
this plant. 


Fig. 26 shows a good general view of 


COMPARISON OF ELECTRICALLY 


1902-1913 


OPERATED PLANTS: 


The tendency towards a few large units in the devel- 
opment of coal handling equipment within the past 
few years is shown in the comparison of the electrie- 
ally operated plant installed on section 1 of the North 
Western Fuel Company’s Dock No. 1 in 1901, and the 
electric coal handling bridge installed in 1913 on see- 
tion 3 of the same dock, these being the first and 
latest electrically operated plants installed at the Head 
of the Lakes. The plant first mentioned has, as prev- 
iously described, four hoisting towers and four bridges 
with the necessary transfer cars, having rated capacity 
for unloading a 5000 ton boat in 10 hours, and serving 
a dock about 560 ft. by 1100 ft. on which bituminous 
coal is stocked 30 ft. high. The second installation re- 
ferred to, on section 3 of this dock, consists of one 
Heyl & Patterson bridge having a single span of 551 
ft. and being 712%, ft. long overall, on which is 
operated a man trolley equipped with a 12-ton clam- 
shell for unloading, stocking and reclaiming, and 
6-ton clean-up clam. This bridge serves a section of 
the dock about 610 ft. by 750 ft. and stocks bituminous 
coal to a height of 50 ft. Coal is reloaded to cars at 
both ends of the bridge and rescreened, when desired, 
at the pier end. Provision has also been made in the 
construction of the bridge for the future installation 
of a more elaborate detached screening plant for re- 


Fic. 27. Loapinc PLant anp Trucks aT SHEAR EnpD or NORTH 
Western Company’s Bringe No. 5, Dock No. 1, 
SUPERIOR 
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Fic. 2: 


Huterr Automatic UNLoaperRs, TRANSFER Cars, 


AND STOCKING AND RECLAIMING BripDGE ON CANADIAN PAciFic 


Fort WILLIAM 


preparation of coal. There is required on this bridge 
for its operation one man trolley operator and one 
oiler. This bridge has a rated capacity for unloading 
and stocking coal on dock from a 10,000-ton boat in 20 
hours, acomplishing with a single unit and with only 
two men on the bridge, as much as four unloading 
hoists with a total of eleven units accomplished with 
about ten or twelve men on the equipment in the first 
mentioned installation (Figs. 27 and 2s). 

An incidental advantage of bridges long enough to 
span the entire width of dock is the elimination of 
intermediate runways or supports from the stocking 
area, Which in the short span bridges, reduce the 
storage space and obstruct the operations of stocking 
and reclaiming. 


At the 


made, 


time two installations are 
Reiss No. 3 Dock at Superior, which 
is being equipped with a Heyl & Patterson bridge ; and 
another on the Missabe and Northern Dock at Duluth, 
comprising Mead hoists and cable railway system with 


present being 


one on the 


bridge, as previously mentioned. 
METHODS OF 


While it 


HANDLING AT RECEIVING DOCKS 


is evident, from a consideration of the 


several types of plants briefly described above, that 
there are several methods of handling the coal at the 
receiving docks, it is true that these methods group 
themselves under two general heads, as follows: 
a That in which the bulk of coal is broken at the 
dock front by temporarily storing the coal in 
a receiving hopper, located, in the hoists, for 
later discharging to independent units for trans- 
ferring to stock pile ; 
b That in which coal is delivered direct to stock 
pile in a single operation without breaking bulk. 
Under case (a),where bulk is broken at the dock front, 
the unloading is done by fixed or traversing hoists or 
unloaders used only for this operation, while the stock- 
ing is done by equipment ordinarily acting indepen- 
dently of the This stocking equipment is of 
various types, and the method employed for stocking 
is again divided into two general classes: 


hoists. 


(1) That in which no provision is made for longi- 
tudinal 
being stocked 


transfer of the coal, necessitating its 
back of the unloading 
tower, so that boat must be placed opposite the 


area on which coal is to be stocked. 


directly 


Dock, 


Fic. 28. Nortu Western Fuet Company’s Dock No. 1, 
BRIDGE 


SUPERIOR, 
INSTALLED TO DaTE 


SHOWING ANTHRACITE SECTION AND LarRGEsT Coal 
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Fic. 29. Brown 7-Ton Stockinc Tus on 
NortH WEsTERN FueL Company’s Svu- 
PERIOR Dock No. 1 


(2) That by which provision 
is made for longitudinal as 
well as transverse move- 
ment of the coal in trans- 
ferring to stock pile, giving 
perfect flexibility in stock 
ing and enabling the coal to 
be stocked on any part of 
the dock desired, regardless of the position of 
the boats and hoists. 


Fic. 31 


IN 1888 or 


Method (a-1) obtained in a few of the earlier plants 
but has now been largely, if not entirely, displaced by 
the method designated as a-2. 

Method (a-2) is used in 


Plants equipped with transfer cars and_ stocking 
bridges 

Installations of dump car systems operated either by 
hand or by cable on bridges or stationary run- 
ways 

Systems of longitudinal and transverse conveyors 


Fig. 32 73-Ton CLaMsHELL Gras BucKET 


First RecLaimMInG CLAM AT 
THE HEAD OF THE LAKES, DESIGNED 
BY 
THE Onto Coat Company's Dock 


FIRST USED AT 


Fic. 30 Brown 4-Ton SuHovet Bucket ON 
NortH WESTERN Company's Svu- 
PERIOR Dock No. 1 


Longitudinal conveyors in con- 
junction with trolleys, or 
conveyors Operating on 
transverse 
bridges 

Method (6b) comprises 


runways, or 


One or more units designated as 
coal handling bridges on 
each of which a single trolley is used for the 
various operations of unloading, stocking, re- 
claiming and delivering to bins for reshipment 
by rail 
Traversing hoists registering with stationary run- 
ways, or combined units made up of fixed hoists 
in line with stationary transverse runways 
Trolleys employed stocking are ordinarily 
equipped either with automatic dumping tubs, 
which are self-righting, or with drop bottom 
skips. 
The reclaiming of coal for reshipment by rail is done 


by various methods dependent in part upon the method 


Fic. 33. aNp Patrerson MAN TROLLEY AND 12-Ton UN- 


LOADING CLAMSHELL ON NortTH WESTERN FvuEL ComMPANy’s 
No. 5 BripGe 
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employed in stocking. Where the stocking is done by 
means of trolleys, automatic cars or belt conveyors, 
operating on bridges or runways, the reclaiming is 
largely done by trolleys equipped either with shovel 
buckets or clam-shelled grab buckets, which have prac- 
tically superseded shoveling to tubs. Where coal is 
stocked by flight conveyors, the over and under type is 
used, the reclaiming being done on the lower run of 
conveyors, which are enclosed in concrete or timber 
tunnels, running underneath the coal piles. 
CLAMSHELL GRAB BUCKETS 

On practically all unloading equipment in which 

the structural and mechanical parts are of sufficient 


strength to permit, clamshell grab buckets have super- 
seded the tubs formerly in common use. The clam- 


| 
| 
| 


Fic. 34. anp 4-Ton CLeEAN-Up CLAM, INSTALLED 
oN Nortu WESTERN Fvuet Company’s Dock No. 2, 1n 1912 


shell, designated as the two-rope type, is ordinarily 
used on larger installations, while the single rope type 
is sometimes used in replacing tubs on old hoists, and 
on some new installations where simplicity of the 
hoisting mechanism or light weight on the trolley is 
desired. 

The first clamshell used at the Head of the Lakes was 
invented by Fred Barrows, in about 1888 or 1889, and 
manufactured under patents of Mr. Barrows and D. B. 
Smith, both of the Ohio Coal Company, which patents 
were later purchased by the North Western Fuel Com- 
pany. This clam was used for reclaiming only. A 
clam of this type, still in service on the North Western 
Fuel Company’s Duluth dock, is shown on Fig. 31. 

The first unloading grab bucket put into service at 
the Head of the Lakes, was the Newell & Ladd clam- 
shell bueket and was installed on the Duluth dock of 
the Ohio Coal Company in 1895. The first clam of 
this type was made by the John A. Mead Manufactur- 
ing Company in 1883, and the clams were used to a 
limited extent in the East. This was one of the first, 
if not the first, clam to come into general use. 


Clamshell grab buckets of several types and makes 
now in use, are shown on Figs. 32 and 33. 

The process of breaking down or the removal of the 
free coal from the hatches of the vessels at the present 
time, is done by means of clamshell grab buckets, which 
cpen crosswise of the boat, and are of such width as to 
liave sufficient clearance in entering the hatch. For- 
merly, the coal out of ready reach of the unloading 
clams was either trimmed to the hatch by hand shovel- 
ing for picking up by the clams, or hand shoveled 
to tubs, and, in some instances, to the clam itself in 
cleaning up the boat. As this process, however, neces- 
sitated considerable intermittent high priced labor, 
various methods have been devised for cleaning up the 
boat by mechanical means. 

The first equipment, of which the writer has know]- 


Fic. 35 6-Ton CLean-Up Cram, 13 Fr. 
6 Ix. Wipe, witn 24 Fr. Reacu, INSTALLED ON NORTH 
WesTeRN Fuet Company's No. 5 Bripcr, Dock No. 1, 
SUPERIOR 


edge, in which the cleaning up of the vessels by 
mechanical means was provided for, was the Hulett 
automatic unloader designed by Mr. G. H. Hulett, the 
first installation of which was made at the iron ore 
cocks of the Pittsburgh & Conneaut Dock Company 
of Conneaut, Ohio, in 1898. In these unloaders, the 
clamshell, which is of large capacity, was rotated after 
entering the hatch so as to extend lengthwise of the 
boat, enabling it to reach the ore tributary to each 
hatch. These machines had an unloading capacity far 
in excess of any equipment previously installed, and 
have been extensively used in the unloading of iron 
ore at the lower lake ports. 

Following the development of the unloader above 
mentioned, clamshells came into general use in the 
unloading of both ore and coal, and several devices 
were tried out with varying degrees of success for 
scraping or trimming the ore and coal from the wings 
to within reach of the clamshell, with view to avoiding 
hand trimming and hand shoveling to tubs in cleaning 
up the vessels. 
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In the Brown swiveling trolley developed for this 
purpose a turntable is provided, which rotates the clam 
in the hold of the boat, and is used on the recent in- 
Stallations of the Brown equipment on the Nos. 5 and 
7 docks of the Pittsburgh Coal Company at Superior 
and Duluth, to which reference has previously been 
made. 

The Heyl & Patterson clean-up clam is built of 
dimensions to permit its entering the hatch closed and 
to open below deck lengthwise of the boat, with a 
reach of twenty-four feet, covering the entire space 
center to center of the hatches on each side of the 
hatch being worked, thus requiring the clean-up clam 
to be worked only in alternate hatches for boats having 
hatches spaced twelve foot centers. This clean-up 
clam, first installed on the North Western Fuel Com- 
pany’s Superior Dock No. 2, has been applied in a 
considerable number of later installations of both 
larger and smaller capacity, and in each case is so 
proportioned as to give the same total lifted load on 
the trolley as for the unloading bucket (Figs. 34 and 
39). 

The Mead Company has since produced a clean-up 
clam of less reach and dead weight, with capacity 
for proportionately greater coal load. 

For the trimmings of anthracite coal within storage 
buildings in stocking and reclaiming, and for the 
transferring of bituminous screenings to and from 
stock piles, steel scrapers, sometimes designated as fly- 
ing scrapers, were introduced in about 1890. These 
scrapers are ordinarily worked by means of ropes, for 
pulling them in opposite directions. 


SCREENING 


Coal is screened before shipment from the mine and 
all anthracite and all bituminous coal, with the excep 
tion of railroad coal, which is used largely for loco- 
motive firing, is reprepared before reshipment from 
the dock, care being taken to make the coal of each 
grade uniform. It is also carefully inspected upon 
its arrival by vessel; while being unloaded; and dur- 
ing the process of repreparation; each car load is also 
inspected while being loaded for rail shipment. 

Various types of screens are used, choice of type 
being made to suit kind of coal, the tonnage handled 
at a single point, and the particular part of the pro- 
cess for which the sereen is to be used. When coal 
is to be loaded out through various openings in long 
continuous lines of bins, where the tonnage loaded out 
over each screen is comparatively small, single station- 
ary lip sereens are used with good results. This type 
of sereen is also considerably used in the rescreen- 
ing of the degradation made in the first screening 
process. For anthracite coal, the screens used are 
either wire mesh or perforated plate; and for bitu- 
minous coal, they are of the bar type. Automatic 
baffles or retarders are occasionally used for controlling 
the flow over lip screens, but possibly one of the 
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most effective devices is a flight conveyor of light open 
construction running over the screen surface at a pre- 
determined speed. This controls the velocity over the 
sereen and insures uniform discharge to the ear. 
Where, however, large tonnage is to be loaded at 
central shipping pockets, either mechanical screens or 
a large bank of lip sereens are used. Mechanical 
screens are of two general types, revolving screens and 
shaking screens. Revolving screens are provided with 
one full length inner jacket and one or more concentric 
shorter outer jackets, and shaking screens are made 
up either with a single bed or in tiers of two or more 
beds for the proper separation and distribution of 
the coal. 
RELOADING FOR RAIL SHIPMENT 


Three general methods are used in reloading coal 
to cars for rail shipment: 

a That in which coal is loaded out through a long 
continuous line of bins, with loading chutes or 
lip screens at frequent intervals permitting the 
loading of several cars simultaneously. Bitu- 
minous coal, under this method of loading, was 
formerly trimmed in the cars by hand, while the 
anthracite was, and to some extent still is, trim- 
med in the cars by the use of telescopic chutes 
attached to forked aprons at the outer end of 
the screens. Box car loaders are now used for 
both kinds of coal. 

b That in which the coal is loaded out through 
central shipping pockets, which is made possible 
by tilting box car loaders having capacity of 
from ten to twelve cars per hour or from 3000 
to 4000 tons per 10-hour day. 

ce That in which the coal is loaded out through bins 
mounted on traversing coal handling bridges or 
through detached movable screening plants, the 
coal being trimmed in the car either by portable 
box car loaders traveling along the dock or by 
box car loaders mounted on the bridge or sereen- 
ing plant. 

Asa great deal of the coal is now shipped in box cars, 
and loading these cars by hand is both slow and ex- 
pensive, a number of have at 
various times been put on the market. The first box 
car loader’ of which we have record is that invented 
by Richard Ramsey of Illinois in 1885. This was mann- 
factured by the Ottumwa Box Car Loader Company 
and the Litchfield Foundry & Machine Company. Two 
years later, in 1887, William Ramsey of lowa invented 
a loader which was also manufactured by the Ottumwa 
Company. In 1894, F. W. Bond invented the third 
loader, which was built by the Litchfield Foundry & 
Machine Company. The coal was so badly broken and 
the cars so badly damaged by these loaders, that their 
manufacture was soon discontinued. 


1 Data relative to early history of box car loaders are taken from 
a paper read by Wm. L. Affelder, Supt., Mosgrove Coal Co., before 
the Central Mining Institute of Western Pennsylvania) December 
1904. 


mechanical loaders 
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Fic. 36 Orrumwa Stream Box Car Loaper, INSTALLED ON 
Nortu Western Fue. Company's Dock No. 1 1x 1902. 
First Portasie LoaDER EVER BUILI 


lic, Curisty Box Car LoaperR Company's ELectric Swiv- 
ELING Conveyor LOADER, INSTALLED ON NORTH WESTERN 
Fuet Company's Dock No. 1, Superior, 1913 


In 1897, the first really successful loader was manu- 
factured by the Ottumwa Box Car Loader Company, 
although their first loader built two years previously 
was a failure. In 1898, the first Christy loader, in- 
vented by J. M. Christy, was installed in Des Moines. 

The following year, the first Victor loader, invented 
by D. A. Chappell, President of the Victor Fuel Com- 
pany, Denver, was installed. 

In 1900, the Smith gravity loader, invented by §S. 
Kedzie Smith, Civil Engineer in Billings, Mont., was 
installed for the Northwestern Improvement Company, 
Roslyn, Wash. This is manufactured by the Dodge 
Coal Storage Company and the Ottumwa Box Car 
Loader Company. 

In 1902, the Ottumwa Box Car Loader Company 
developed, at the request of the North Western Fuel 
Company, and installed on their Superior Dock No. 1, 
the first portable box car loader. This was a steam 
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loader, equipped with engine and boiler. The follow- 
ing year, the same company, also at the request of the 
North Western Fuel Company, developed the first elee- 
tric loader, which was installed on the same dock. 
Since that time, a large number of electric portable 
loaders of this make have been installed at the head 
of the lakes. In the Ottumwa loader, the coal is 
trimmed in the ears by means of a reciprocating cradle 
and pusher traveling therein the full length of the 
cradle, Fig. 36. 

During the same period, a large number of Christy 
portable electric loaders have also been installed on 
the docks in Duluth and Superior. The distinctive 
feature in this loader is the use of a steel lagged con- 
veyor for trimming coal in the car, the speed of the 
conveyor being under control to suit conditions of 
loading, Fig. 37. 

In 1906, a Smith tilting box car loader was installed 
on the North Western Fuel Company’s Dock No. 1 by 
the Dodge Coal Storage Company, with rated capacity 


Fic. 39 Manierre Conveyor LoaperR, MOUNTED ON BriIDGE 
Pier, CARNEGIE CoaL Company's Dock No. 2, Dututru 


Fic. 38 Tittinc Box Car Loaper, BUILT BY THE 
Coat SToraGE Company 
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for handling 100 ears or 3000 tons of anthracite coal 
in ten hours. This loader tilts the car endwise on the 
cradle, which permits the flow of coal alternately to 
each end of the car by gravity. After the two ends 
are loaded the car is brought to level position and the 
middle of the car filled without hand trimming. This 
type of loader permits the loading of a large tonnage 
at a single central point, and is used for handling both 
anthracite and bituminous coal. Smith loaders have 
since been installed on the Philadelphia & Reading 
dock in Superior and the Carnegie No. 2 dock in Du- 
luth, Fig. 38. 

For the purpose of handling bituminous screenings, 
there was installed on the North Western Fuel Com- 
pany’s No. 1 dock in 1909 a Fairmont centrifugal 
loader, manufactured by the Fairmont Mining Machin- 
ery Company, of Fairmont, W. Va. In this loader the 
coal is received by a cylinder, from which it is dis- 
charged by blades attached to a rotating head. 

Two other types of loaders have recently been de- 
veloped in Milwaukee, one of which, the Manierre 
loader, is adapted for handling both bituminous and 
anthracite coal. The Hanna Coal Company installed 
two of these loaders in 1912 for handling anthracite. 
Since then, three loaders of this type have been in- 
stalled on the bridge piers on the Pittsburgh Nos. 5 
and 7 docks for handling bituminous coal, and a fourth 
loader for anthracite has been installed on No. 7 dock. 
This is a stationary type of loader, located on the same 
side of the ear as the loading bin, as shown by Fig. 39. 
The distinctive feature of this loader is the swinging 
supporting arm, to the outer end of which the con- 
veyor is pivoted. This permits conveyor being ex- 
tended alternately into the opposite ends of the ear, 
allowing low conveyor speed in unloading. 

In 1911, the other type of stationary anthracite con 
veyor loader was designed by Mr. John Ecks, Chief 
Engineer of the Milwaukee-Western Fuel Company, 
and was installed on one of the docks of this company, 
for loading anthracite coal to box cars on two tracks, 
between which it is located. The distinctive feature of 
this loader is the reciprocating motion of the belt con- 
veyor, permitting it to travel toward the end of the 
ear for reducing throw of the coal to the minimum, 
thus permitting low conveyor speed. 

The following year, one of these loaders was installed 
for loading anthracite coal at the North Western Fuel 
Company’s Superior Dock No. 1. 

With the exception of a few of the earlier steam 
loaders, the portable loaders thus far installed have 
been electrically operated. At the present time, how- 
ever, a Christy ‘‘ Superior ’’ type loader is under con. 
struction for the North Western Fuel Company’s Su- 
perior Dock No. 2, in which a gasoline engine will fur- 
nish power for the travel of the loader along the dock. 

Portable loaders serve not only for loading coal, but 
also for the switching and spotting of loaded and 
empty cars. 


To expedite loading operations, the spotting and 
local switching of cars, when not done by the portable 
loaders, is usually done at the receiving docks by one 
of the several types of rope haulage or carpuller sys- 
tems. Gravity tracks are also frequently used where 
conditions make it desirable. At the car dumpers at 
the lower lake ports it is customary to run the cars 
down grade from the storage tracks onto a kick-back 
track, after which they are run onto the cradle of the 
car dumper by means of a small car attached to a haul- 
age rope, variously designated as a ground hog, mule 
or pig. 

Cars are weighed before and after loading on rail- 
road scales of from 100 to 150 tons capacity. Both the 
overhead and pit types of scales are used and are ordi- 
narily provided with dead rail. Automatic scales are 
used to a limited extent, and where this type of scale 
is not in use, the scales are of recording or registering 
beam type, which enables the weighmaster to retain a 
ticket for each car, with the net and gross weights 
stamped thereon, corresponding to the position of the 
poise, thus avoiding the possibility of error in writing 
the weights. The weighing in Minnesota and Wiscon- 
sin is done by the Western Railway Weighing Associa- 
tion. Every precaution is taken to insure accuracy 
in weighing, and the seales are given frequent atten- 
tion and are regularly inspected by the dock com- 
panies. Periodically, inspection and tests are made by 
the state scale inspectors, for which purpose a special 
test car is used. The scales at the retail yards for 
weighing coal delivered by auto trucks and wagons 
are given the same attention. Both the track and 
wagon scales are balanced frequently during the day, 
while in service. Smithing coal, which is sacked for 
shipment in comparatively small quantities, is weighed 
on wheelbarrow scales during the process of sacking, 
prior to taking total weight on wagon or track scales. 

Conveyor weighers, by which the weight of the coal 
being handled by belt conveyor is obtained automat- 
ically by electrical device, have been in use for several 
years to a limited extent by purchasers of coal and 
other bulk material, and also for check weighing, but 
have not thus far been used on the coal docks at the 
receiving ports for determining shipping weights. 


CONDITIONS RELATING TO THE HANDLING OF COAL 


In the handling and storage of coal, numerous pre- 
cautions are necessary in order to avoid undue break- 
age or degradation. It is necessary to break bulk as 
few times as possible in handling the coal from the 
time it leaves the boat until it is loaded to cars for re- 
shipment by rail. With the same end in view, it is 
also necessary to limit the free fall of the coal and the 
velocity of the flow as much as practicable. In com- 
pliance with above conditions, coal handled by clams 
or other buckets should be lowered to pile or bin before 
being discharged. An ideal device for lowering an- 
thracite and other small sized coal vertically, where 
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the drop would be large, is the Humphrey type of shelf 
lowering chute, which consists of a vertical shaft, in 
which the shelves, placed alternately on opposite sides, 
are so arranged that the coal flows over itself at a uni- 
form moderate velocity, regardless of the distance 
through which the coal is lowered. Where it is de- 
sired to lower and also convey the coal horizontally 
by gravity, step chutes built on similar principle are 
cmployed to advantage. 

The deterioration of bituminous coal in storage is 
slight, and recent experiments show it to be less than 
it is commonly supposed to be. Anthracite coal is not 
subject to any appreciable deterioration even though 
stored out of doors, but to supply the demand for 
bright coal it is housed in buildings for protection from 
the weather. 

The liability of bituminous coal, especially screen- 
ings and some grades of run of pile, to spontaneous 
combustion, has made it necessary to limit the height 
of pile to suit the available rehandling facilities, as 
the first step in handling a coal fire is to get direct 
access to the fire by rehandling the hundreds, and fre- 
quently thousands, of tons of coal within the inverted 
cone tributary to the small area at the bottom of the 
pile, where the fire starts. It is sometimes also neces 
sary to isolate the burning area to prevent the fire 
spreading. After the fire is uncovered, it can be ex- 
tinguished by the use of water and the rehandling of 
the smoldering or burning coal. The application of 


water, however, to the top of the original coal pile is. 


ordinarily useless and frequently increases the fire. 
While the liability to spontaneous combustion cannot 
be entirely eliminated, a clean dock surface and the 
absence of combustible foreign matter within the coal 
pile, and, after the coal is in storage, careful watch- 
ing and prompt rehandling upon the first indication 
of heating, reduce the liability to a minimum. 

Another essential condition, which is beng com- 
plied with in an increasing degree, is the safeguarding 
of employees by the provision of sanitary conditions 
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and the application of safety appliances to the dock 
equipment. For the removal of coal dust from en- 
closures where it is produced in unusual quantities, 
dust exhaust fans are being introduced for the benefit 
of employees and to facilitate operations. 

The use of electric power in place of steam, which 
was common until twelve or thirteen years ago, has 
several very marked advantages. Electric power can 
easily be distributed, with comparatively small loss, to 
various remote centers on movable equipment. Branch 
lines can readily be cut out when not in service, and 
there is slight loss from leakage in feeders whether 
the motors are in operation or idle. Other advantages 
are the control of motors by means of magnetic 
switches and master controllers, and the ease with 
which automatic safety devices can be introduced for 
safeguarding operations of hoisting and lowering of 
bucket, and traversing of man trolleys and bridges. 
Dynamic braking is also a valuable feature in man 
trolley operation, where the loads are heavy and high 
speed is attained. Probably the greatest disadvantage 
in the use of electricity in place of steam is the absence 
of steam for heating purposes, as, while the use of 
electric heaters is feasible, the ecest is excessive. In 
hoisting operations, current fluctuations are excessive, 
owing to peaks incident to accelerating and to inter- 
mittent operation of the individual units. When con- 
ditions warrant, provision is made for equalizing the 
load on the generating plant by the installation of 
motor-generator flywheel set or storage battery. 

The handling of coal in retail yards is another im- 
portant branch of industry. The most of these yards 
simply have covered sheds, into which coal is unloaded 
from ears and from which coal is loaded into wagons 
and auto trucks by hand shoveling. Where the 
volume of business warrants, however, elevator and 
conveyor installations for unloading and stocking coal 
in sheds and bins are coming into more general use, 
and electric portable wagon loaders, shown on Fig. 40 
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for taking coal from storage pile at ground level and 
loading to delivery trucks are being more generally 
used. An inereasing number of plants are being in- 
stalled for mechanically performing all the opera- 
tions at retail yards of large capacity, with three to 
five ton auto trucks for long hauls, Fig. 41. 

The non-oceurrence of high grade coals in this see- 
tion of the country, and the high cost of delivery by 
rail incident to long haul, make of vital importance 
careful consideration of the subject of cheap lake 


LANG 


transportation, and the development of mechanical 
equipment which will at low cost, and with dispatch, 
load, unload, and deliver to the consumer the large 
and rapidly increasing tonnage of coal required for 
distribution throughout the northwest. 

The writer wishes to acknowledge the courtesy, 
which has been extended in furnishing information 
for this article by the management of the various coal 
companies and by the manufacturers of the equipment 
herein deseribed. 


MINNEAPOLIS FLOUR MILLING 


BY CHAS. A. LANG, MINNEAPOLIS, MINN. 


Junior Member of the Society 


N the popular mind, the word flour is as intimately 
| associated with the name Minneapolis as steel is 
with Pittsburgh. The first manufacturing enterprise in 
Minneapolis was a government grist mill built in 1823 
by Colonel Snelling from whom Fort Snelling derives 
its name. He sent, under Lieutenant McCabe, a de- 
tachment of fifteen soldiers to the west bank of the 
Falls of St. Anthony and on the site of the present 
mill ** D”’ of the Northwestern Consolidated Milling 
Company, the first mill was built. It was a crude 
affair about 20 ft. square, built of logs and containing 
one pair of mill stones. The power was derived from 
a log flume from the crest of the Falls, discharging 
into a flutter wheel at the mill. 

From such a beginning has the present milling in- 
dustry and its allied interests grown. The potential 
possibilities of the Northwestern territories for the 
production of wheai was, at that time, undreamed of. 
The water power was evident and gave the first in- 
centive for the building of grist mills and lumber mills 
at Minneapolis. The supply of wheat in that time 
was the most serious handicap. The fitness of the soil 
in the immediate vicinity for raising wheat was not 
known. The soldiers at the time of building the first 
mill tried their hands at raising wheat and as very 
light crops resulted, they were soon discouraged and 
gave it up. This first mill ceased grinding wheat 
about four years after being built. 

This seemed to be the end of flour milling, for noth- 
ing was heard of the government mill until about 1849 
when the town of St. Anthony was established on the 
east side of the Falls. The first court ever held in 
Hennepin County convened in the old mill in 1849. 
The mill was apparently the only place available at 
that time for court sittings. It is a far ery from a 
grist mill to a court of law, and serves to show how 
close was the connection of the flour mill with the 
early history of the settlements which were to form 
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the future city of Minneapolis. The west side of the 
river at the Falls was still a government reservation. 
Upon this ground now stands what is known as the 
milling district and is the center of the flour manufac- 
turing industry in Minneapolis. 

The history of the various mills as they were de- 
veloped from the time of the old government mill is 
too long a story to go into at this time, covering as it 
does, a period of some SO years. This history in itself 
covers practically every development and invention 
that gave rise to the present system of American mill- 
ing. 
for mills were destroyed by flood and fire and rebuilt 
in continuously and completeness. 
Some fortunes and others failed. With 
them all there was the belief that Minneapolis would 
be a great milling center. Transportation facilities 
were crude and uneertain; the difficulties of getting 
the grain to their mills and their product to the mar- 
kets of the world made many give up the field. Mills 
were dismantled, built and rebuilt to take advantage 
of some newly invented system of milling, and money 
was spent with a lavish hand to improve the quality 
of their product over that of their competitors. — It 
became a question of the survival of the fittest. One 
mill would receive a shipment of machinery and try 
to hide the fact from the other mills. The mill would 
be closely guarded while this new machinery was in- 
stalled and operated. It would be but a short time 
before one of the employees would go to some other 
mill and the secret become common property. There 
is no doubt but that this keen rivalry between the 
various mills in raising the standard of the product 
of all the mills, gave Minneapolis its standing to the 
point where Minneapolis Patent Flour is the standard 
by which all are judged. 

The great mill explosion of May 2, 1878, which 
destroyed the Washburn ‘‘ A,’’ Pettit, Galaxy, Hum- 
boldt, Diamond and Zenith Mills, threatened to bring 
Minneapolis milling to a sudden end. Instead of that, 
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the industry was many times strengthened by new and 
better mills erected on the site of the ruins. In the 
new mills, the mistakes of the past were corrected and 
the possibility of a second dust explosion greatly 
lessened by the use of air suction systems for re- 
moving the dust as it was created in the machines and 
before it could fill the air of the mill. This great ex- 
plosion occurred in the Washburn ** A,”’ and was so 
violent that it is said that hardly one stone was left 
on top of another. The walls of the surrounding mills 
were wrecked so that the fire, which followed, quickly 
completed their ruin. A second fire occurred in 1881, 


which destroyed the Pillsbury Excelsior, Em- 


pire and Minneapolis Mills, the latter exploding as a 
The 


marked the passing of the old milling district. 


result of the fire. rebuilding of these mills 


Fic. Rott 

From that time up to the present, the operations 
have been more in the increasing of capacity and the 
improving of milling systems than in the building of 
new plants. The larger companies have improved 
their grain handling facilities by the building of large 
terminal elevators in connection with their mills. This 
grain storage assures a uniform supply of the various 
grades of wheat and puts it in the proper condition 
for delivery to the mill. The building of these eleva- 
tors as well as the increase of capacity of the mills, 
called for increased power. To meet this condition 
large central steam power stations have built 
and hydraulie turbines of increased power and ef- 
ficiency installed, so that in the present milling district 
is seen some of the most modern and up to date power 
apparatus that the market affords. As an example, at 
the present writing, there is being installed by two mill- 
ing companies, two pairs of 42-in. hydraulic turbines of 
1800-h.p. capacity, to have in their settings a guaran- 
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teed efficiency of 87 per cent. 


All of the larger mills 
have their water power supplemented by steam power 
or electric motors driven from the central steam sta- 
Where formerly each mill had its individual 


tions. 


2 
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steam plant for relay, most of these have been aban- 


doned in favor of the drive from central 


The consolidation of the various mills into 


electric 
stations. 
the present three large companies made it possible for 
each to centralize its power. 


The present capacity of the Minneapolis mills is 
84,000 bbl. of flour every 24 hours. There are 23 mills, 
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which makes the average capacity 3600 bbl. per mill. 
The largest mill in the world, the Pillsbury ‘‘ A,’’ has 
a record of having made 16,125 bbl. in one day, al- 
though its capacity is rated at about 11,000 bbl. The 
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mills vary in size from this to experimental mills of a 
few hundred barrels capacity. Flour mills run 24 
hours a day, sometimes for many weeks without stop- 
ping. The usual running time is from Monday morn- 
ing to the following Sunday morning. 


THE MINNEAPOLIS WATER POWER 


The Falls of the St. Anthony have played so promi- 
nent a part in the development of milling in Minne- 
apolis, that they deserve special mention. The present 
developed power is approximately 60,000 h.p. under 
an average fall of 47 ft. This power, with the ex- 
ception of 12,000 h.p. in the Hennepin Island station 
used by the Street Railway Company, is practically all 
taken by the flour mills. The races from the mills and 
this island station discharge into the pond of what is 
called the Lower Dam. This gives another fall of 18 
ft. and is used entirely in a second plant where 10,000 
h.p. is generated for use of the Street Railway Com- 
pany. The Hennepin Island Station is an excess plant 
and is run only when the demands of all other users 
of power are satisfied. 

The unit of measurement is the mill power defined 
as 30 cu. ft. per second under a fall of 22 ft., or ap- 
proximately 75-h.p. gross. The mill powers are num- 
bered from 1 to 48, there being in many cases several 
having the same number. Under conditions of limited 
water supply such as occur in the winter months, the 
mill powers are cut off in the inverse order of their 
priority number. This is, Series No. 48 would be taken 
off first and so on down until a balance was reached 
between the available supply and the amount used. 
It is under such conditions that the steam relays have 
to be used. Early in the history of the mills, these 
mill powers were owned or leased by the various mill 
owners in proportion to the power they used, and the 
water power company was something in the nature 
of a codperative organization. The rental of the early 
powers was but nominal, which gave so little for divi- 
dends that free powers were given instead. These 
free powers and also the leased powers are perpetual 
and non-assessable. As the value of the power began 
to be appreciated, the rental increased when new leases 
were made to where $1000 per year was charged for 
Series No. 48. 

In the water power development of the main falls, 
there is nothing that could rightly be called a dam. 
Underlying both sides of the river and the falls, is a 
limestone ledge which is about 12 ft. thick on the down- 
stream edge, and which tapers in thickness as it ex- 
tends up stream to where it stops some 1200 ft. above 
the Falls. In fact, it is like a shingle with its thin edge 
lying up stream. The downstream edge of the ledge is 
in the form of a great hollow square or horseshoe 
whose sides extend down stream. At the upper end of 
the hollow square in the center, is the spillway. This 


is an apron which protects the face of the ledge and 
slopes from the top of the ledge to the pool below. 
Starting from either end of the apron, extending up 
stream and built on top of the ledge in an elongated U 
shape, is a dam which gives a depth of water of 14 ft. 
above the ledge, forming the mill pond, from which the 
water is taken in canals to the mills. The water spills 
over this dam on to the ledge and down over the apron. 
From ends of the apron and forming a continuation 
of the dam, are walls built on top of and following the 
edges of the ledge downstream. These walls form the 
river side of the main head races to the mills, one on 
either side of the river. The mills on the river side 
of the head race have their front walls built on the wall 
of the canal and their back walls extending down to 
tail race level, making them some three stories higher 
in the back than in the front. These mills take their 
water supply through penstocks and the water-wheels 
discharge directly into the main tail race. The mills 
on the other side of the head race take their water 
through canals from the head race into open flume 
waterwheel settings. These wheels discharge through 
holes cut through the ledge. From these wheel pits 
tunnels are cut under the ledge to the main tail race. 
The formation below the ledge is a tightly compressed 
white sand which just misses being sandstone, and it 
is through this that the tail races are cut. Most of 
these races are lined with conerete or brick up to the 
ledge, the ledge making the roof. 

The water power development in its present state 
was not reached without as many serious mishaps as 
befell the mills in their evolution. The earlier retain- 
ing walls and canals were timber and crib structures, 
and there were many wash-outs, even carrying entire 
mills away. In 1870 the most severe wash-out oc- 
curred. Through a break on the east side, almost the 
entire river ran under the ledge, and it looked as if the 
Minneapolis water power were a thing of the past. It 
was then that the federal authorities were called upon 
for help. Congress appropriated over half a million 
dollars, and with this a dike or cut-off wall was built 
across the river under the ledge. 

In the early days there was no attempt made to main- 
tain a uniform head of water by limiting the emount 
each mill could use. When the water was low it was just 
a grand scramble to see who would get enough to keep 
their mill running. Stories are told of how, when 
there would be but two or three feet of water in the 
canal, the crew in one mill would build dikes of sand 
bags and boards to divert the water into their wheel 
pit. Then the crew from the mill below them would 
try to tear out the dike so they could get the water, and 
a fight would ensue with material damage to the heads 
of the party having the smallest number of picks and 
shovels. The power on the east side of the river was 
controlled by the St. Anthony Falls Water Power 
Company, and on the west side by the Minneapolis 
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Mill Company. While these two companies still exist, 
they are now under the same management. 


THE MILLING PROCESS 


Probably the oldest known mechanical process is the 
reduction of seeds or grain to meal. The prehistoric 
man may have had a loom for weaving his cloth, but 
he did not leave one for us to see. He did leave us 
the hollowed out boulder to testify to the fact that he 
ground his wild seeds that they might be made more 
suitable as food for human beings. He discovered the 
fact that his digestive apparatus was not effective in 
penetrating the outer protective coating of the seeds 
so that the meat within might be assimilated and give 
him strength. lis mental processes may have been 


Hungarian process is misused when it is given to cover 
the use of chilled iron rolls, and such is often the case. 
This process can be carried out on Buhr stones as well 
as on rolls. 

The next improvement was the purifier which was 
developed in Minneapolis, and is distinctively an 
American contribution to milling, although some at- 
tempts had been made in France to use such a machine. 
The purifier is a machine which in simple terms can 
be deseribed as a reciprocating sieve over which passes 
certain of the streams of mill stock and through which 
is drawn a current of air which removes the dust that 
would cause discoloration in the finished flour. 

The old-time method of making flour was to reduce 
the wheat berry in one grinding operation to as nearly 


as crude as his time, but they were concerned chiefly 
in getting food and clothing—mostly food—and_ he 
seems to have solved the problem for many following 


generations. 

For centuries the mortar and pestle were the mills 
for the grinding of grain. It is still used in the less 
civilized countries. Then came the stones which were 
too large to be easily used by hand and were turned 
by animal or man power in treadmill style with a long 
sweep attached to the upper stone. The French Buhr 
stone of the present day is the same idea except that 
the upper stone is driven by a vertical shaft which 
passes down through the hole or eye of the lower or 
stationary stone. This type of mill is not entirely ob- 
solete but is used in some of the present day mills 
for finishing certain of the purified streams or mid- 
dlings. 


In 1839 came the next step when cast-iron rollers 
began to be used in Budapest. The first successful 
machine used there was the Sulzberger cast-iron roller 
machine. About this same time the Hungarian millers 
began to use the gradual reduction process which came 
to be known as the Hungarian process. The term 


the fineness of the finished product as was possible. 
That part of the bran or husk which was not at the 
same time reduced to an equal fineness to the flour, 
was removed by sifting. The flour obtained by such a 
process was inferior in color, containing as it did a 
large percentage of finely ground bran and dust from 
the crease in the wheat berry. 

The Hungarian, or gradual reduction process, is 
the system in which the wheat passes through nu- 
merous grinding operations in series before its final 
reduction to flour. The first grinding operation, or 
first break, as it is called, lays the berry open. The 
next or second break, cuts off some of the inside of 
the berry left exposed by the first break. The third 
break takes off some more, and so on to the fifth and 
final break where nothing but the bran is left in its 
familiar flattened condition. The pieces of the inside 
of the berry cut off by the break rolls, are called mid- 
dlings and are what are finally reduced to flour. The 
middlings are passed over the purifiers and the dust 
caused by the grinding is removed. Dust cannot be 
removed from the flour, and therein lies the advantage 
of the gradual reduction process in producing clean, 
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white flour. The term cut is used in describing the 
action of the break rolls, as these rolls have knife-like 
corrugations on their surfaces, and actually do cut 
rather than grind. 

The color of finished flour, aside from its being free 
from impurities, is obtained by granulation. A piece 
of glass reduced to powder is pure white. This is 
because the light which it reflects is broken up by the 
facets of the minute particles. So it is with flour. 
The inside of the hard spring wheat berry is an opaque, 
flint-like substance, slightly yellow in color. When 
reduced to the fineness of flour, the more granular or 
sharp the particles, the whiter the color. 


Fie. 5 District anp rrom East 


The wheat from the different sections of the country 
tributary to any mill is by no means the same in 
characteristics or quality. Again the wheat grown on 
a certain piece of land this year, will in its milling 
value or strength, be very different from that grown 
last year, even though the same seed be used. The 
quality of the wheat is a variable but the quality of 
the flour must be a constant. The color of the flour 
must be the same this year as it was last year; the glu- 
ten must be of a certain percentage and quality, and 
its ability to absorb water must not vary. The modern 
mill has a well-equipped laboratory, and it is here that 
the various kinds of wheat are tested as to their value 
for making flour. A large part of the available supply 
of wheat may be inferior in color or low in gluten. 
A stronger wheat must be found to blend with it, 
that the product may be uniform. 

The various kinds of wheat are delivered to the mill 
elevator loaded in bulk in box cars. These cars may 
come from the large terminal grain storage elevators 
or directly from the small farmers’ elevators that are 
scattered along the lines of railroads that tap the 
wheat producing country. The wheat is taken out of 
the car by power shovels and drops through a grating 
into a receiving hopper. From here it is elevated to 


the top floor of the elevator and discharged into a 
garner which is large enough to hold the contents of 
the largest car, or about 2,000 bu. The garner opens 
into the hopper of the receiving scale, and the car load 
is weighed in one draft. The wheat then falls into 
what is called a receiving separator which is a machine 
having a number of reciprocating sieves of perforated 
metal. This removes the coarse refuse such as pieces of 
wood, coal, iron ore, straw joints and even an occa- 
sional Ingersoll watch. It is then ready for storage 
and drops on conveyor belts which discharge directly 
into the storage bins. This wheat having been in- 
spected and graded before unloading, is carded to go 
to bin No. 20, for instance. Bin No. 20 contains wheat 
of the same grade or of the same value for milling 
purposes. The advantage of a large mill elevator lies 
in this ability to take care of many kinds of wheat 
and store them in quantities that insure a uniform 
mixture, 

In the basement under the storage bins is a con- 
veyor belt having spouts leading to it from the bins. 
By means of graduated slides in these spouts, a pre- 
determined percentage of wheat from any bin may 
be drawn on to the conveyor. A number of bins may 
be drawn upon in this manner to get a wheat mix- 
ture that is right for milling. The mixing conveyor 
discharges into an elevator which takes the wheat 
ugain to the top of the elevator where it passes through 
another weighing process on its way to the bins in the 
mill proper. 

This wheat is still far from being in condition for 
grinding. Every bushel contains from one to two 
pounds of foreign seeds, such as oats, cockle, mustard, 
grass, flax, etc. These are removed by passing over 
numerous sieves in the milling separators. These 
seeds, after the removal of the mustard, are pulverized 
and sold as stock food or ground sereenings. 

The next step is the cleaning process. There are 
two different methods in use, the wet and the dry. In 
the wet process the wheat, together with a stream of 
water, passes into a washing machine, or ‘‘ whizzer.”’ 
This machine has a_ rapidly revolving cylinder which 
violently agitates the wheat in the flowing water. As 
the wheat passes further along in the mach-ne, the 
water, together with the impurities, is thrown off by 
the centrifugal force, partially drying the grain at the 
same time. The wheat has to be dried further by 
dropping through large cylinders having baffles to 
retard the flow, while hot, dry air is blown upward 
through the cylinder, thus completing the drying. 
The dry process cleans the wheat by dry scouring 
many times in series. The scouring machines used 
have cylinders made up of chilled iron plates having 
very narrow openings or vents. Inside of the cylinders 
are rapidly revolving paddles or beaters that keep 
throwing the wheat against the cylinder. At the same 
time a strong current of air is drawn out through the 
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vents in the eylinder, which removes the dust and 
material that is scoured off the wheat. Each machine 
gives hine separate scourings and four or five machines 
are used in series. This scouring is so complete that 
the outer coating of the bran and the ** beard ”’ of the 
Wheat is removed, yet the berry is not broken or 
bruised, but emerges in a smooth, polished condition. 

After having had so mueh air drawn through the 
wheat, the shell or bran has become dried out and is 
so brittle that if put over rolls in this condition, this 
bran would pulverize and become impossible of separa 
tion from the flour. To correct this, the wheat is 
dampened, after which it is allowed to stand for a 
number of hours in a bin, that the moisture may pene- 
trate the bran. After coming from the bin, the stream 
of wheat is passed through live steam which still fur- 
ther toughens the bran by driving the moisture in. 
This is called the tempering process. 

The tempered wheat is now ready for grinding ana 
flows directly to the first break rolls where the berry 
is opened up. The stock then passes to the sealping 
process, which is the separation of what flour and 
middlings are made by the first grinding from the 
bran, which has practically all of the inside of the 
Wheat berry adhering to it. The sealping is done on 
revolving evlinders of wire cloth called reels, or on 
large gyrating sifters having a number of flat sieves 
of wire cloth. As small an amount of flour is made on 
the first break as possible, as this flour, containing as it 
does some of the dust from the crease in the wheat 
berry, which cannot be removed by any washing or 
scouring process, is inferior in color and must be 
diverted to the lower grade products. This applies 
to practically all of the flour made on the break rolls. 

The first break stock after scalping, passes to the 
second break rolls. It is on these rolls that a large 
amount of middlings are made. This stock is treated 
to remove the middlings and flour in the same manner 
as that from the first break, after which it passes to 
the third break. The process is continued to the fourth 
and fifth breaks when all of the inside of the berry 
has been removed from the bran. The bran then goes 
to a machine called a bran duster which removes what 
flour has adhered to it. The bran duster is somewhat 
on the same principle as the wheat scourer, except that 
soft brushes are used instead of paddles or beaters, 
and the cylinder agaiinst which the bran is brushed, 
is of wire screen. This finishes the bran so far as the 
milling process is concerned and it is ready to pack 
out. 

The middlings made by the break rolls vary in size 
from that of a coarse quartz sand to a fineness that is 
hardly different from that of finished flour. These 
middlings are graded or sifted into six different sizes, 
so that each resulting stream contains granular par- 
ticles of practically the same size. This sifting is done 
through wire or silk gauze having very accurately 


spaced meshes. These streams of graded middlings 
then pass to purifiers where strong air currents are 
drawn upward through them as they pass over the 
sieves, the meshes of which are of a spacing that does 
not permit of the granular particles falling through. 
The coarser middlings then pass to reducing rolls 
having finer teeth or corrugations than the break rolls, 
these corrugations being still finer for the smaller 
sized middlings. The action of the reducing rolls is 
still a eutting action, it being the idea to make finer 
middlings of coarser, and not to make flour in the proe- 
ess. From these rolls the grading and purifying proc- 
ess, followed by further roll reduction, is continued 
until all the streams of middlings have been reduced 
to very nearly the fineness of flour. 

The final reduction of middlings to flour is on smooth 
rolls where the action is more truly a grinding one. 
The stock passing to these rolls is so very fine grained 
that this action extends still further the granulation 
process and instead of flattening or rounding up the 
particles, the flour obtained is sharp and granular. 
Not all of the middlings are reduced by the first 
passage through the smooth rolls to the proper fineness 
for flour, so the stream must pass again to a reel where 
the finished flour sifts through the silk cloth covering 
and the middlings that are separated out, sent again 
to the smooth rolls for reduction. This process is con- 
tinued until all the stock is dressed or sifted to flour. 
‘rom wheat to flour there are about 21 reductions im 
the process. 

The second grade of tlour made in the process is 
called ** bakers *’ or first clear. This is composed of 
the cleaner flour from the break rolls and part of the 
fiour made in the reduction of the middlings, including 
that taken out of the middlings by the air purifying 
process. This flour is not as white as the First Patent 
and while high in its percentage of gluten, this gluten 
does not have the expansive power of that in the 
Patent Flour. The expansion of the gluten is what 
makes large, firm loaves of bread, while its quality 
determines the lightness of the loaf and to a certain 
extent, its color. 

The next lower grade of flour is the Second Clear, 
and is made up of all the rest of the by-product flour 
that is clear ’’ of fine particles of bran. Every 
machine in a mill, roller mills, bolters, purifiers, reels 
and elevators, has an air suction connected to it. This 
suction system vields a large part of the lower grade 
by-product flour. 

The next product is known as ‘‘ Red Dog’ and 
consists of that part of the flour which contains very 
small particles of bran that cannot be separated from 
it. It is the dividing line in the mill products, being 
a mixture of flour and bran. 


Then comes the ‘* Shorts ’’ which consists of finely 


divided particles of bran. While it is the idea in mill- 
ing to keep the bran intact, there are many small par- 
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ticles broken off in the process. The ones that are large 
enough to be sifted out, go to shorts. 


A great many adjustments in milling machinery are 
provided for. Slides and valves in the spouting en- 
able various streams of mill stocks to be combined or 
divided at will, or switched from one machine to an- 
other. There is a continual changing of the flow of a 
mill that the flour may be uniform. On a damp, rainy 
day, the flour absorbs moisture and does not bolt or 
sift through the silk cloths as freely as on a clear, dry 
day. At least once an hour, the flour is tested by 
wetting a sample and comparing with a standard 
sample which is of unvarying quality. The wetting 
emphasizes any tendency to change in color. It may 
be that the test shows that some of the stock going to 
the First Patent should be diverted to the second grade 
or Bakers, and a change in the flow is made aeccord- 
ingly. If the stock bolts too freely, the flour will be 
too coarse. A reel having a light load bolts more freely 
than one having a larger stream passing through, and 
the tendency to coarseness in the flour must be cor- 
rected by shifting a larger stream to the lightly loaded 
reel. Aside from these tests made in the mills, the mill 
laboratory plays an important part in keeping the 
product uniform. In companies having several mills, 
samples are taken every day of the run of each mill 
and baked into test loaves of bread. The millers 
from the various mills come together at bake room 
time and judge the bread according to size of loaf, 
texture and color. This keeps the flour from each mill 
in the group the same as that from the others. At the 
same time are seen samples of the gluten with its per- 
centage, samples of dough which is another guide to 
color and test for moisture in the various mill pro- 
ducts. Tests for ash which give the mineral salts con- 
tent are made in retorts. This is another indication 
of the strength of the wheat and expansion of the 
gluten. In fact every possible test is made that leads 
to a complete knowledge of wheat and mill products. 
Modern American milling in its highest development 
is a scientific process and not guess work as was the 
older process. Absolute uniformity of product is as- 
sured whether made in one mill or several. 

It may not be out of place to give some idea of the 
power necessary to drive a flour mill. With 1000 
h.p. the average modern mill will make 2500 bbl. of 
flour per 24 hours. This gives a power consumption 
of a little less than 10 h.p.-hr. per bbl. Taking 1000 
h.p. as a basis, there is one mill in this country that 
makes 3500 to 4000 bbl. or a power consumption 


of 6 h.p.-hr. per bbl. Another mill makes 1200 bbl. 
with the same power. These two mills may be called 
the extremes. The first mill has power transmission 
machinery that cannot be excelled by any manufactur- 
ing plant, and the mill building is of steel and concrete 
which assures perfect alignment of shafting. The 
second mill is a freak in that it has two or more times 
the amount of milling machinery than another mill of 
the same capacity would have. As the friction load 
is 38 to 40 per cent of the total, perfection in the 
transmission machinery or the amount of mill ma- 
chinery are, very largely, the deciding factors in the 
power efficiency of the mill. ; 

In the average mill, the distribution of power to the 
various classes of machinery is as follows: 


Per Cent. 


35 
Breaking and middling rolls......... 14 
Bolting, purifying, ete.............. 26 

100 


This includes the transmission and friction losses in- 
cluding that of the machines themselves. 

Flour mills, in general, are driven as a unit from a 
single source of power. The process from start to fin- 
ish is a continuous one, and the various streams must 
not be stopped. If troubles occur through breakage 
of machinery the entire mill must shut down, else the 
choking up of spouting and machines would cause 
more delay than the accident itself. There are a few 
mills having group drive by motors where the roll floor 
is driven by one motor, the bolting machinery by an- 
other, ete. With such a drive, remote push button 
control is necessary to stop and start all motors at the 
same instant to prevent choking. Aside from this 
an interlocking system on the trip and no voltage 
release coils should be used, so that if one motor were 
cut out by an overload or no voltage, all the motors 
would be released at the same time. The advantage 
of such a system over unit control is doubtful. The 
grain-machinery in the storage elevator and the flour 
packing machinery is very often used with individual 
drive. 

A flour mill offers almost ideal conditions fer cheap 
production of power. The load is uniform and steady, 
so that the load factor is practically unity. 

The writer is indebted to the Northwestern Miller 
for facts relating to the history of milling in Minne- 
apolis. 
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REPORTS OF MEETINGS—NECROLOGY 


REPORTS OF MEETINGS 
MILWAUKEE MEETING, MARCH 21 


The second joint meeting of the technical societies of Wis- 
consin was held in Milwaukee on March 21, 1914, with a 
very large attendance, about 500 being present at the morn- 
ing session and 700 during the afternoon and evening. Wm. 
George Bruce, secretary of the Merchants and Manufac- 
turers Association of Milwaukee, delivered the opening ad- 
dress. Alfred O. Crozier presented a paper on Cement and 
Clay Products Contrasted. He was followed by Prof. R. C. 
Disque, who spoke of the Historical Significance of the 1907 
Wisconsin Law for the Regulation of Publie Utilities, which 
was the first significant attempt to treat the problem of legis- 
lative regulation as a two-sided question. Professor Disque 
traced the history of such regulation and described in detail 
the various points of the law passed. 

Dinner was served at noon, A. A. Gray addressing those 
present. At the afternoon session, papers were presented on 
Principles of Illumination, by John Hayes Smith; Principles 
of Street Lighting, illustrated by slides, by Arthur J. Sweet 
and Francis A. Vaughn; Manufacture of Pure lron Prod- 
ucts, illustrated by slides, by G. F. Ahlbrandt; the Measure- 
ment of Gases in Large Quantities, illustrated by slides, by 
J. C. Wilson; Modern Machine Tools, by A. Wood ot Lodge 
& Shipley; and Development in American Power Plant Ma- 
chinery, illustrated by slides, by Prof. A. G. Christie. 

Following a supper a lecture on Radium was given by 
Dr. Herbert N. MeCoy, which was illustrated by lantern 
slides. 


ST. LOUIS MEETING, JUNE 3 


The June meeting of the Affiliated Engineering Societies 
of St. Louis was held on the 3d under the auspices of the 
Society. H. R. Setz gave an informal talk on Oil Engines, 
with special reference to the Fulton-Tosi Oil Engine, in 
which he diseussed the principal engineering problems in- 
volved in Diesel engine construction. Mr. Setz restricted 
himself to the moderate speed vertical four-cycle engine as 
the type which, by virtue of its unsurpassed reliability in 
continuous operation, is leading all others. The vast expe- 
rience obtained with this prime mover in thousands of in- 
stallations gradually evolved typical constructive elements, 
which in their main parts were analyzed and explained by 
lantern slides. Mr. Setz further showed how American con- 
ditions could be successfully met without impairing economy 
or reliability of operation. The economic side of the Diesel 
engine was touched upon and data produced to show its great 
possibilities in this country, particularly in the South and 
Southwest. 


CINCINNATI MEETING, JUNE 4 


A joint meeting of the Cincinnati Section and the Engi- 
neers Club of Cincinnati was held on June 4 at the Univer- 
sity of Cineinnati. W. A. Phillis of the National Tube Com- 
pany, Pittsburgh, spoke on the subject, From Ore to Na- 
tional Pipe. The address was illustrated with motion piec- 
tures and Mr. Phillis showed his audience many interesting 
phases of the manufacture of pipe, such as the mining of 
the ore, the transportation of the ore to the lakes, the han- 
dling of the ore at the docks, the loading of the ore trans- 
ports, the making of pig-iron at the blast furnaces, the open- 
hearth and bessemer processes of making steel, the pouring 
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and handling of ingots, the rolling of the ingots into slabs, 
and the rolling, welding, inspection and handling of pipe. 


NECROLOGY 
EMIL C. BOERNER 


Emil C. Boerner, consulting mechanical engineer for Rus- 
sell, Burdsall & Ward Bolt and Nut Company, died in Port 
Chester, N. Y., on May 27, 1914, after an illness of some 
months duration. 

Mr. Boerner was born in Germany on May 23, 1843, and 
came to the United States at the age of fifteen. His first 
connection was as an apprentice to Russell, Burdsall & 
Ward, and at the time of his death he had served the com- 
pany for fifty years. When he first entered their employ 
their only plant was situated at Pemberwick and was oper- 
ated on comparatively small lines. After a number of years 
spent in the upper shop, he severed his connection to go 
into partnership with George C. Mertz in the wood planing 
business. Upon the dissolution of this firm, Mr. Boerner 
went to Providence, R. L, as a machinist, but after a brief 
time returned to Port Chester to his early employers. 

Mr. Boerner was a designer of automatic bolt and nut 
machinery. 


FRANK L. BUSEY 


Frank L. Busey was born in Urbana, IIL, on August 28, 
1872, and was graduated from the University of Illinois in 
1895 with the degree of B.S., receiving also the degree of 
M.E. in 1898. He was employed in various engineering ca- 
pacities in Chicago from 1895 to 1900, and in 1905 removed 
to Seattle, Wash., to enter the office of a consulting engi- 
neer. He returned to Urbana in 1906 as first assistant in the 
engineering experiment station of the University, resigning 
in 1911 to become assistant chief engineer for the Buffalo 
Forge Company, Buffalo, N. Y., which position he held at 
the time of his death. 

Mr. Busey was a frequent contributor to the engineering 
magazines, writing for the most part on his special subjects 
of heating and ventilating. He had just completed a hand- 
book on fan system apparatus, under the direction of Willis 
H. Carrier, which was in the printer’s hands when his death 
oceurred at the Battle Creek Sanitarium on June 7, 1914. 


GEORGE A. DOUGHTY 


George A. Doughty, who died on March 8, 1914, was born 
in Brooklyn, N. Y., on April 2, 1878, and was educated in 
the public schools, Brooklyn Polytechnic Institute, and 
Stevens Institute of Technology. In 1898 he entered tle 
dratting room of the Logan lron Works, becoming secre- 
tary of the company in 1909, which position he held at the 
time of his death. 

He has been identified largely with the design, fabrication 
and erection of shields and caissons, and with general founda- 
tion work in connection with the building of subways and 
tunnels. 


THOMAS HILL 


Thomas Hill, vice-president of the Electric Wheel Works, 
died at his home in Quincy, Ill, on May 27, 1914, after a 
long illness. Mr. Hill was a native of England, where he 
was born in Newton, Wales, on May 3, 1840. He came to 
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the United States at the age of 21, locating at first in St. 
Louis, where he remained during the Civil War, working on 
government boats in the river. In 1866 he removed to Quiney 
and entered the employ of the Smith-Robertson Company. 
Here he rapidly advanced to an interest in the concern, 
which became known as the Smith-Hill Elevator Company. 
As Mr. Hill had made a number of improvements on ele- 
vators and held patent rights, the company dropped all ma- 
chine work and devoted itself entirely to the manutacture 
of elevators, 

When the Otis Elevator Company absorbed the Smith- 
Hill company, Mr. Hill went to Chicago, but remained only 
two years. He became interested during that time in an 
engine and formed the Quiney Engine Company, acting as 
president of the concern. At the same time the Ellington 
Manufacturing Company and the Electric Wheel Company 
were formed and Mr. Hill was made president of the former 
and vice-president of the latter. 


RODNEY C. PENNEY 


Rodney C. Penney was born in East Addington, Me., on 
November 11, 1853, and was edueated in the schools and 
the Eastern Maine Conference Seminary of Bucksport, Me. 
His first shop experience was with his father at St. Johns, 
N. B., and his apprenticeship was served in the shop of the 
Bangor and Piscataquis R. R. of Oldtown, Me., also under 
his father who was master mechanic of the railroad. He 
served for a short time as locomotive engineer on the Ban- 
gor & Katahdin Iron Works of Brownsville, Me., and in 
1885 became general manager of the Mouson, Me., Slate 
Company. Twelve years later he came to Bangor as gen- 
eral manager of the Hinckley Engineering Lron Works, and 
during this time was instrumental in consolidating his firm 
with the Bangor Foundry & Machine Company, under its 
present name of the Union Lron Works. 

With several others he then formed the Penobscot Ma- 


chinery Company of which he became president and man- 
ager. At the time of his death he was acting as Eastern 
representative and mechanical engineer of the Dodge Manu- 
facturing Company. 

Mr. Penney served for a short time in the Senate of the 
Maine Legislature. 


M. W. SEWALL 


M. W. Sewall, who died at his home in New York on May 
27, 1914, was born in Brownville, Me., on August 2, 1852, 
and received his technical education in the Maine State Col- 
lege of Agriculture and the Mechanie Arts, graduating in 
1875 with honors. In the following year he entered the em- 
ploy of the Baldwin Locomotive Works in Philadelphia. In 
for the Edge Moor Lron 
Company, and had subsequent experience as draftsman and 


IS78 he became head draftsman 


superintendent of erection ou machine and boiler shop tools, 
for Hilles & Jones of Wilmington, Del., and in designing, 
erecting and fitting up the new shops of the Yale & Towne 
Manufacturing Company. In 1884 he became assistant engi- 
neer of the Pneumatic Dynamite Gun Company of New 
York, where he had charge of the erection of guns on board 
the U.S. S. Vesuvius, 


Cable Road ot New York, where he had charge of designs 


Hle was also for a short time with the 


of winding machinery. 

At the time of his death he had been in the employ of the 
Babeock & Wilcox Company, New York, for 22 years, hav- 
ing had general supervision of the drafting room for the 
earlier part of this period, and devoting his time of late to 
experimental work on chain grate stokers, furnace design, 
and improvements in boiler settings. He had made a num 
ber of inventions in this field. 

Mr. Sewall was esteemed by all who knew him for his con- 
scientious spirit, upright character and gentleness. Ile was 
unselfish in imparting the results of his experiments te 
others and was ever ready to lend a helping hand to those 
about him. 
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POWER DEVELOPMENT AT THE HIGH DAM BETWEEN 
MINNEAPOLIS AND ST. PAUL 


BY ADOLPH F, MEYER, ST. PAUL, MINN 


Non-Member 


The project for the improvement of the Mississippi 
River between Minneapolis and St. Paul had its incep- 
tion in 1866. No definite action was taken, however, 
until 1894, when plans were developed for two locks 
and dams of about 13-ft. lift each, one at the site of 
the present High Dam, and another about three miles 
above the Iligh Dam, near the Selby Avenue Bridge. 

Work was commenced on the upper dam, known as 
dum No. 2.) After about $750,000 had been spent, in 


the days when dry conerete was the order of the day 


# 1300-h.p. development would not warrant the carry- 
ing out of the project. 

This board predicted, however, that before many 
vears had elapsed it would be economically desirable 
to build a high dam in the vicinity of the proposed Low 
Dam No. 1, which is the site of the present High Dam, 
where a head of probably 35 ft. might be secured, and 
a total of 15,000 to 20,000 h.p. developed. 

The matter of power development was temporarily 
dropped until 1910 when a report was made by a see- 


- + WAY AMF VADNAI: te 
atl Carder ¥ WASSOl AP 0, vara 
j if u } § 

a 
|4 
{ 
14 ay | 
| I< 
M, 
| 
4 
Po) 
/ 
wine gait i Nt 

inne ST. PADIS: 1 | 

re) 1 2 civ MOT} ER ' 

> LAKE 


Fic. 1) Mar or MINNEAPOLIS AND St. PAUL SHOWING LOCATION OF THE H1GH Dam 


and Portland cement was a luxury that could be ad- 
vantageously diluted with ground sand, the proposi- 
tion of utilizing the fall in the Mississippi River in this 
vicinity for power development received the attention 
of a special board of U. S. Army engineers, in 1907. 
This board reported that no power could be economic- 
ally developed at the proposed 13-ft. dam No. 1, at the 
site of the present High Dam; that a small plant might 
be installed at dam No. 2; but that the probable saving 
estimated at $2000 per annum which would result from 


1 Consulting Engineer, 1000 Germania Life Bldg. 


Presented at the Spring Meeting, at St. Paul-Minneapolis, 1914, 
of The American Society of Mechanical Engineers. 
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ond board of U. S. Army engineers favorable to the 
construction of the High Dam. The sentiment of the 
board as well as of the community was in favor of co- 
(peration with the cities of Minneapolis and St. Paul 
and both cities passed resolutions pledging themselves 
to pay the additional cost of raising the projected nav- 
igation dam to a height of approximately thirty feet 
to permit the development of water power. 

The Board of Engineers for Rivers and Harbors 
concurred in the recommendations of the Special 
Board and the Chief of Engineers recommended that 
negotiations be entered into whereby the municipalities 
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of Minneapolis and St. Paul would become the lessees 
of any surplus power that might be created. 

In the River and Harbor Act of 1910 Congress 
adopted the modified project as recommended by the 
Chief of Engineers, with the provision ** That in the 
making of leases for water power a reasonable com- 
pensation shall be secured to the United States, and the 
rates as fixed shall be subject to revision by Congress." 

At the following session of the Legislature of Minne- 
sota a bill was passed permitting the formation of pub- 
lic corporations for the purpose of developing water 
power. Under this act there was immediately incor- 
porated the Municipal Eleetric Company, composed of 
the State University and the cities of Minneapolis and 
St. Paul. 


POWER DEVELOPMENT AT THE HIGH DAM, A. F. MEYER 


detailed analysis of available power which was made, 
however, the records kept by the U. S. Engineer office 
at St. Paul, during the eight vears from 1905 to 1912 
inclusive, have been used. 

The diagram in Fig. 9 shows graphically the eleva- 
tion of ** tail water and ** head water at the va- 
rious rates of discharge. The head water curve gives 
elevations one foot below the maximum permissible 
elevation as computed, to which the water above the 
dam can be raised without producing backwater at the 
lower power dam in Minneapolis. The present dam is 
being constructed with its crest at an elevation of 743.5 
Cairo datum. The tail water curve gives the mean 
elevation of the water surface for various rates of clis- 
charge, based on the readings of the government gage 
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In 1913 a bill was introduced in Congress by Hon. 
FF. C. Stevens, providing for a codperative agreement 
with the cities of Minneapolis and St. Paul and the 
State University, whereby, if it becomes a law, the Mu- 
nicipal Electric Company may lease the available wa- 
ter power upon the condition, among other things, 
that this company pay not less than 3 per cent interest 
on the amount which the government will have ex- 
pended for the purpose of making the water power 
available. 

AVAILABLE POWER 


The amount of water power which will become avail- 
able through the construction of the High Dam ean 
be ascertained with considerable accuracy, inasmuch as 
good physical data are available. 

Estimates of stream flow have been made by the St. 
Anthony Falls Water Power Company and the Min- 
neapolis Mill Company at their plants in Minneapolis, 
covering a period of more than 20 years. In the more 
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at the site of the dam during the past eight vears. tak- 
ing into account the lowering of the tail weter which 
will result from dredging a 6-ft. channel below. the 
lock, the backwater from the Minnesota River at flood 
stages, and backwater from ice conditions in the winter. 

The head curve gives the mean head whieh would be 
available on the assumption of three feet of flashboards 
on the dam at low water, and a turbine installation 
capable of using about 5000 cu. ft. per second. It will 
be noticed that the head varies from a maximum of 
361, ft. at low water to a minimum of 22 ft. during ex- 
treme flood conditions, sueh as might oceur for a few 
days perhaps once in ten years. The normal head may 
be assumed as 34 ft. For perhaps twenty days a year 
on an average, or 514 per cent of the time, the avail- 
able head will be reduced during high water to less 
than 29 ft. 

Water Available. Table 1 gives the mean monthly 
stream flow at the dam site for the years 1905 to 1912 
inclusive. It will be noticed that the mean monthly 
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TABLE 1 MEAN MONTHLY DISCHARGE 
1905-1913 

1905 | 1906 | 1907 | 1908 | 1909 | 1910) 1911 | 1912 1913 

ef.s. | «fs. | c.f.s. | ¢.f.s. | c.f.s. | ¢.f.s. | | 
3174) 6667 | 6220 2390) 3350 4198 1764 1840 2600 
Feb... 2745 | 6280 | 6250 | 2750 3300 | 4011 1799) 1750) 2200 
Mar. 5241 7320 11600 | 4550) «4300 «9470 «2338 2140) 2880 
Apr. 9775 24653 25009 | 11721 34040 (5125 
May.... 21013 20227 13673 13300 11910 6280 4688 16080 
June.. . 23749 29090 18681 32079 11950 4330 4762 7240 6015 
July. 31762 (16525 8266 14364 6160 *3500 3719 Szs0  SO50 
15700 | 9185 7347 6992 S570 *3400 3400 5100) 6255 
Sept. 12874 10065 7149 5100) 6480 *3800 3588) 5020) 5990 
Mct.... 11067 11378 7674) 5980) 5420 3210 4351 4840 
Nov. 9743 11301 7745) SOTO) (2690) 2712) 3840 
Dee S163) 4310 «51200 201000 «62355 
Mean 

Annual 12920 13390 10250 S710) 6965 4630 3240 5260 


* Modified on basis of Anoka discharge 


How is below 2000 cu. ft. per second for four months 
in eight vears. The minimum mean monthly flow is 
1790 eu. ft. per second. In computing the minimum 
umount of power which would become available at the 
dam, an extreme minimum flow of S00 cu. ft. per see- 
ond has been assumed. Such a tlow, however, has in 


the past occurred for only a portion of a day during 


Fic. 3) Construction View or Power House, Jury 1913 


sudden periods of extremely cold weather. On such 
occasions the normal flow of 1500 to 2000 cu. ft. per 
second is usually re-established in two or three days. 
A minimum winter flow has been assumed as follows : 
S00 cu. ft. per second for one day ; 1300 cu. ft. per see- 
ond for three days; 1500 eu. 
days; and 1750 eu. ft. per second for one month. 
Effect of Pondage. The area of the pool above the 
dam at the 740 contour has been determined by plani- 


ft. per second for five 


meter measurements on recent government maps to be 
22,500,000 sq. ft. Assuming the pool to be full to the 
top of the flashboards at the approach of an extremely 
cold spell, the water surface would be lowered 4.2 ft. 
in order to augment the supply from 800 cu. ft. per 
second for one day, and 1300 eu. ft. per second for two 
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additional days, to a mean of 1500 cu. ft. per second. 
As the available head, in winter, would be at least 361, 
ft., the net head which would remain available after 
drawing down the pool would still be 32.3 ft. By oper- 
ating the steam pumps to provide the municipal water 
supply for Minneapolis and St. Paul, or by drawing 
upon the supply stored in the reservoirs, or both, the 
station load can be sufficiently reduced to enable the 
pool to fill again in two or three days. 


Fic. 4 View or Dam, January 1914 


Power Avadabl.. Table 2 gives the number of days 
per vear during which certain amounts of power in 
blocks of 1000 kw. would have been available for each 
vear from 1905 to 1912 inclusive. <A flow of 1750 cu. 
ft. per second corresponds to about 4000 kw. at the 
switchboard, assuming an overall efficiency of 75 per 
cent; 1500 cu. ft. per second under 32.5 ft. 
responds to about 3100 kw. This maximum 


umount of power which could be counted on with posi- 


head cor- 


is the 
tive certainty 24 hours of the day, and every day in 
the vear. 

ECONOMICAL SIZE OF INSTALLATION 


The desirability of utilizing, for power development, 


TABLE 2 NUMBER OF DAYS PER YEAR CERTAIN AMOUNTS OF 

POWER WOULD HAVE BEEN AVAILABLE 

1905-1912 
Year 1000 2000 3000 4000 5000 6000 7000) S000 9000 10000 10500 
kw. kw. kw. kw. kw.) kw. kw. - kw. kw. kw. ko 
1905 365 365 365 365 365 365 365 4 365 353 326 297 
1906 365 365 365 365 365 | 365 | 365 | 365 365 | 342 | 317 
1907 365 365 365 362 349 | 332 22 | 288 262 | 261 | 243 
1908 366 366 366 366 366 363 349 303 270 #180 
1909 365 365 |365 365 365 | 365 | 357 | 340 305 | 266. 165 
1910 365 365 365 363 290 | 262 215 = 133 #113) #104 91 
1911 365 365 365 362 307 | 244 202 142 90 45 25 
1912 366 366 366 363 329 | 273 256 | 241 228 | 203. 140 
Total... 2022 2922 2922 2911 27362569 2429 2175 2085 11873 1456 
Mean 365 365, 365) 364) 342) 322 | 304 | 272 261 | 234 | 182 
Per cent 100 100 100 99.8. 93.788 2 83.4 [74.5 71.5 64.3) 50 
Mean deficiency | 

(days). 1/23] 43] 93 131 183 
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water which is available for only a portion of the year, 
is dependent mainly upon the relative cost of produc- 
ing power by steam plants and by water power plants. 

If the cost of operating a given steam power plant 
a certain number of hours a day for the portion of the 
year during which additional water is available is 
greater than the fixed charge would be on the addi- 
tional water power installation, plus the cost of oper- 
ating this additional installation for that portion of 
the year, it would pay to develop such power. 

The curves in Fig. 10 are based on the following as- 
sumptions: The Federal Government will have invested 
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View or Hich Dam, Marcu 1914 


about *800,000 in a modification of the navigation pro- 
ject, to provide for the utilization of water power, con- 
sequently the fixed charges on this amount must be 
borne by whichever size of installation is adopted. It 
will at once be apparent that the larger the installation, 
the less the fixed charge per horsepower will be. This, 
of course, is true only within reasonable limits, as the 
draft tubes have already been built, and hence the fric- 
tion and other losses resulting from the discharge of 
larger quantities of water by a larger turbine installa- 
tion will lower the efficiency of the plant. 

A detailed estimate of the total cost of an installa- 
tion necessary to develop about 15,200 h.p. is made 
later in this paper. The government investment 
amounts to $52.50 per h.p. and the additional cost of 
installation will amount to about $41.50 per h.p., or $60 
per kw. 

The estimated fixed charge for each additional kilo- 
watt of capacity of water power installation is made up 
of the following items: 


4\4 per cent interest on $60.00................. $2.70 
Depreciation (or renewal fund)................. 3.00 

Annual fixed charge................... $6.10 


The cost of operation for the additional water power 
installation is estimated at $3 per kw. per year. The 
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cost of operation for the steam plant is on the basis of 
large modern units. Plants of 25,000 to 50,000-kw. 
capacity, using large units and operating on a 50 per 
cent load factor, can produce electrical energy at an 
operating cost of about 0.45 cent per kw-hr. This is 
equivalent to a total cost of about $28 per kw. per year 
for 12-hour power. 

It would appear from the curves in Fig. 10 that the 
cost of furnishing 8-hour power by a large steam plant 
would be the same as the cost of furnishing such power 
by a hydroelectric plant, using water available 58 per 
cent of the time. The cost of 12-hour steam power 
would just equal the cost of hydroelectric power pro- 
duced from water available 37 per cent of the time. 
As the ordinary commercial light and power loads have 
a load factor averaging between 35 and 50 per cent, it 
would appear desirable to install a plant capable of 
using all the water which would, on an average, be 
available for at least 40 per cent of the time, provided 
the owner of the water power possessed a large steam 
plant. 

If the Municipal Electrie Company undertook to 
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View or Foresay, Fespruary 19.4 


develop this power, however, it would either have to 
sell, in the open market, any surplus power not re- 
quired for public purposes, developed from water avail- 
able for only a portion of the year, or else install a 
steam auxiliary. 
market to consumers who were developing their own 
power by a large steam plant, it could not expect to 
receive more than about 75 per cent of what this power 
might be worth to said consumers. 

On this basis, power developed from water available 
50 per cent of the time might just find a market with 
consumers who were developing 12-hour steam power. 
When available at all, such excess power could be fur- 
nished at any time of the day, and for 24 hours if nee- 
essary, but it would have to be either utilized or wasted, 
as the water could not be stored. Ample notice, how- 
ever, could be given consumers. 


If it sold the excess power in the open 
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On the above assumptions, it would appear advisable 
to install a plant of 10,500-kw. capacity, inasmuch as 
this amount of power would be available for at least 
50 per cent of the time, according to Table 2, smaller 
amounts being available, of course, for longer periods. 

In case the company installed a steam auxiliary plant 
to supply power on days when the necessary water was 
not available, so that the power from the combined 
source could be furnished any hour of the day and 
every day of the vear, the fixed charge would have to 
be paid on the combined installation, and the total cost 
of furnishing such power would again depend upon the 
per cent of time the water was available. 

It is assumed that the steam auxiliary power plant 
would have a capacity of about 5000 kw. and would 
cost $90 per kw. The fixed charge is assumed as 9.8 per 
cent, or $8.80 per kw. per vear, composed of the follow 


Ing items: 


Interest 1.5 per cent 


Sinking fund 0.5 per cent 


Depreciation (or renewal fund 1S per cent 


Petal fixed el ine 9.8 per cent 


The tixed charge on the additional water power in- 


stallation is assumed as $6.10 per kw. per year, in ac- 
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cordance with the detail estimate previously given. 

Power from such a combined source would have to 
compete with power produced by large steam plants, if 
not utilized by the Municipal Electrie Company itself. 
It would appear from the curves, Fig. 11, that water 
would need to be available 84 per cent of the time in 
order to bring the cost of combined power down to 
the cost of 8-hour steam power produced by large 
plants. For water available 75 per cent of the time, the 
cost of comibined power would just equal the cost of 12- 
hour steam power, and for water available 70 per cent 
of the time, the cost would just equal 16-hour steam 
power. The cost of 24-hour power developed by such a 
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combined plant using water available less than 64 per 
cent of the time, would be greater than the cost of 24- 
hour power developed by a large steam plant. 
Considering the cost of connecting up, by pole line 
or conduit, to some large plant, and of the difference 
between cost and market price of power, it is probable 
that the Municipal Electric Company could not pur- 
chase even large blocks of peak power at less than 0.9 
cents per kw-hr. for 12-hour power. On this basis it 
would just pay to install turbines capable of developing 
water power which would be available at least 50 per 
cent of the time, and to add a 5000-kw. steam auxiliary 


4 


plant when the Municipal Electric Company's own de 
mands for power warranted such installation. 


INSTALLATION PROPOSED 


The great reduction in head during high water 
makes it necessary to install a plant of very much 
ereater turbine capacity than would be necessary under 
more uniform head conditions. At times of high water 
there is not only a reduction in the available head, but 
also a reduction in the amount of water which any 
given turbine installation is capable of utilizing. As 
the discharge from turbines varies with the square root 
of the head, any given turbine installation at the High 
Dam operated at a certain gate opening will be able 
to discharge only about eight-tenths as much water 
under flood conditions as under low water conditions. 
On the basis of Holyoke test data, a preliminary 
study was made of the probable performance of tur- 
bines of the size which it will be necessary to install 
in order to develop the contemplated power, operating 
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under the conditions which will obtain at the High 
Dam, ie., under a head varying from 36.5 ft. at low 
water to 22 ft. at extreme flood stage. After this pre- 
liminary study had been made, it appeared desirable 
tentatively to recommend the installation of four units 
having a rated capacity at full gate under low water 
head of about 5000 h.p. per unit; either one or two 
runners to be used on each shaft and the turbines to 
be direct-connected to 3500-kva. generators. Even this 
installation, however, would be capable of developing 
only about 7000 kw. at extreme high water. Very good 
efficiencies would be secured under heads ranging from 
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52 to 361% ft. when operating such turbines at from 
65 to 90 per cent gate opening. Four units would 
carry the normal station load of 10,500 kw. when oper- 
ating at about 72 per cent gate opening and under a 
34-ft. head. Such an installation would also be capa- 
ble of developing 10,500 kw. during ordinary flood con- 
ditions, under a 29-ft. head, when all four units were 
operated at approximately full gate opening. Three 
units at full gate opening under low-water head, with 
only a small overload on the generators, depending on 
the power factor, would also be capable of developing 
10,500 kw. 

It is believed that the rather large installations 
would be fully warranted by the conditions under 
which this plant would be required to operate. While 


the full rated capacity of the plant at low water and 
under full gate might be considered as 20,000 h.p., the 
normal capacity would really be only about 15,200 
h.p., inasmuch as it would be poor policy not to have 
a reserve unit under ordinary conditions of head, 
stream flow, and load. 

PROBABLE COST OF DEVELOPING THE WATER POWER 

The Federal Government has practically completed 
the modified project in accordance with the Aet of Con- 
gress of 1910, and the United States Engineer Office at 
St. Paul has estimated that the total cost of the project, 
as modified for the development of water power, in- 
cluding the construction of the power house substrue- 
ture, draft tubes, ete., will be $800,000 more than the 
cost of the original project would have been. 

In the Stevens bill now pending in Congress, it is 
provided that the Municipal Electric Company pay not 


35 


T ry 
TT 
4 
+ +— + 
Sa 
30 103 034 
25 085 029 
8 
vo 
q 068 023 
3 z 
x x 
a's tos: 017 
O10 4 Yo34 on 
4-4 
006 
20 40 60 80 wo 900 


Per Cent of Time Operated 


h't¢. 10 Cost oF OPERATING STEAM, AND FOR ADDITIONAL WATER 
Power, FoR DIFFERENT Time PERIODS 


lesg thay 3 per cent interest on the amount which the 
Government has invested for the purpose oi making 
the water power available. For an installation of 15,- 
200 h.p., the Government investment amounts to about 
$52.50 per h.p. 

Additional Expenditure Required. In order to com- 
plete the power house and install the necessary ma- 
chinery, an additional expenditure of about $630,000 
will be required. This includes interest during con- 
struction, insurance, engineering, supervision, and con- 
tingencies, and $50,000 working capital or ‘‘ emergency 
fund,’’ required by the laws of Minnesota under which 
the Municipal Electric Company is incorporated. 

Adding the Government expenditure of $800,000 
gives $1,430,000 as the investment cost of the plant. 
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This amount is equal to about $94 per h.p. at the tur- 
bine shaft, and $136 per kw. at the switchboard. 

Fired Charges and Operating Expenses. The fixed 
charges on the water power plant will be about as fol- 
lows: 


3 per cent interest on $800,000, per annum 24,000 
4!» per cent interest on $630,000, per annum 28,400 
Sinking fund to pay off $630,000 in 50 years at 4 
per cent 4,050 
Renewal of plant in 15 vears at 4 per cent 31,460 
Maintenance 10,090 
Total fixed charges 
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Adding to the fixed charges the annual cost of oper- 
ation and administration, including an allowance for 
the annual charge on the investment in transmission 
lines and substations not herein itemized, brings the 
total cost of developing power to about $150,000 to 
$175,000 per annum. 

Cost of Power per Kw-Hr. According to Table 2, 
the mean annual deficiency of power up to 6000 kw. 
is 1,608,000 kw-hr. 
would be operated to supply this deficiency, all power 


Assuming that the steam pumps 


up to 6000 kw. may be considered as primary power 
as far as the Municipal Electrie Company is concerned. 
The mean annual amount of such power which would 
have been available during the past 8 years is, on the 
basis of Table 2, 50,800,000 kw-hr. The total amount 


of power between 6000 kw. and 10,500 kw., which 
would have been available during the same time, is 
27,900,000 kw-hr., or a total of 78,700,000 kw-hr. of 
available power per annum. This is equivalent to a 
mean of 9000 kw., and on this basis the cost of develop- 
ing 24-hour power would be a trifle less than two tenths 
of a cent per kw-hr. 

If we assume that the power which could not be fur- 
“—is worth, 


nished at all times—the ** excess power 


on an average, one-third as much as the ** primary 
power,” there would be an average of 60,100,000 kw-hr. 
of power available each year. This would make the cost 
of developing power about a quarter of a cent per 
kw-hr. If a 5000-kw. steam auxiliary plant were in- 
stalled so as to make 10,500 kw. available at all times, 
the cost of developing this power would be about 0.35 


of a cent per kw-hr. on the basis of 24-hour power. 
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ig. 12 shows the relative values, at the station, of 
peak and ** off-peak power for different load fae- 
tors, on the basis of a cost of a quarter of a cent per 
if the load factor of the 
station for any given load were very small, as, for ex- 
ample, in the neighborhood of 20 per cent, off-peak 
power could be sold at the mere additional cost of 
operating the water power plant. 


kw-hr. for continuous power. 


This would be, in 
the case under consideration, less than one-tenth of a 
cent per kw-hr. As the load factor became larger, the 
value of off-peak power would approach that of peak 
power, equaling it when the load factor became 100 
per cent, and at all times possessing a value about in- 
versely proportionate to its effect in increasing the load 
factor. The peak power, in order to yield a return 


Br 
AW 
“ah 
A 
a? 
= — 
~ 
; 
. 
kaw 


100900 + + 


312 POWER DEVELOPMENT AT THE HIGH DAM, A. F. MEYER 


equivalent to a quarter of a cent per kw-hr. for con- 
tinuous power, would be worth about one and one- 
fourth cents per kw-hr. at 20 per cent load factor, tak- 
ing into consideration the slightly lower cost of opera- 
tion in the case of power furnished for only a small 
portion of the day, but without taking into considera- 
tion the compensating effect of pondage, i.e., assuming 
that the available water must be either utilized or 
wasted. 

With a station load factor of 60 per cent, under the 
same assumptions, the value of peak power at the 
station would be about four-tenths of a cent per kw-hr., 
and off-peak power would be worth just about half this 
amount. 

When the effect of pondage is taken into considera- 
tion, however, the load factor is found to affect the cost 
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of power considerably less than the value of that fac- 
tor would make it appear. In Fig. 14 is shown a char- 
acteristic combined street lighting and miscellaneous 
light and power load, having a load factor of 40 per 
cent. Fig. 13 shows a mass curve of actual consump- 
tion of current and of mean consumption, or equiva- 
lent in supply of water, from which can be scaled the 
quantity of power which must be furnished by stored 
water for various mean rates of stream flow. From this 
value, the area of the pond, and a mean head for each 
particular condition, the pool fluctuation for various 
rates of discharge, as shown in Fig. 14, was deter- 
mined. 

The only effect of the load factor, then, in this case 
where the entire flow of the stream was being utilized 
through pondage, would be due to a reduction in avail- 
able head from drawing down the pool, and from a rise 
in the tailwater at the time of high discharge, i.e., peak 
load. Instead of the 40 per cent load factor having 
increased the cost of power 214 times, as indicated in 
Fig. 12, it has, in reality, increased the cost, under the 


conditions assumed, less than 10 per cent. Not until 
the amount of water continually available has increased 
to 4500 cu. ft. per see., or peak load conditions, will 
the value of power be increased 214 fold by a 40 per 
cent load factor. 


UTILIZATION OF POWER 


Present Consumption. Statistics were obtained, from 
all available sources, giving the amount of power at 
present consumed by the Federal Government, the 
State of Minnesota, and the cities of Minneapolis and 
St. Paul, for what might be called public purposes. 
These quantities are graphically shown by months in 
Fig. 15. 

It is apparent that the city of Minneapolis is using 
more power than the Federal Government, the State 
of Minnesota, and the city of St. Paul together. The 
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principal reason for this is that the city of Minne 
apolis has recently installed motor-driven pumps for 
pumping its water supply. The power used by the two 
city halls, the street lights, the Minneapolis pumps, and 
the power which would be used in St. Paul for pump- 
ing, if a motor-driven pump were installed at the Me- 
Carron Lake pumping station, are also shown indi- 
vidually. 

Station Load. Inasmuch as there is considerable loss 
in the transformation and distribution of electrical 
energy between the station and the place of consump- 
tion, the amounts consumed were reduced to their 
various equivalent station loads on the following basis: 
It was assumed that of 100 h.p. available at the station 
switchboard, 87.5 h.p. would be available for the pump 
motors, and 75 h.p. for the street lights, and for most 
of the miscellaneous light and power uses. The latter 
is equivalent to an overall efficiency of conversion from 
hydraulic power to electrie current at point of con- 
sumption of 56 per cent, and is well on the side of 
safety. 
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Future Consumption. In estimating the probable 
consumption in 1920, the amounts used at er in 
the public buildings have been increased by 25 per cent. 
The present gas and gasolene street lamps in the cities 
of Minneapolis and St. Paul have been assumed to be 
replaced by electric lights in the proportion of about 
one are light, or equivalent, 
gasolene lamps. 


to four existing gas or 
A lighting installation of 4000 are 
lights and 1000 ornamental lights or equivalent, was 
assumed for Minneapolis, and 2700 are lights and 600 
ornamental lights, or equivalent, for St. Paul. This 
would practically double the present consumption of 
electric current for street lighting purposes in the two 
Cities. 

The future power requirements for pumping repre- 
sent what will be needed in 1920, on the basis of the 
past few years’ It rep 
resents an increase of practically 50 per cent. The 
future requirements of the State University are based 
on an approximate doubling of the present consump 
tion. 

Load Fac tors. The 
the above estimated consumption of current for public 
9900 kw. by 1920.) The peak 
about 8500 kw. and the load factor about 
In Figs. 16 and 17 are graphically shown 
typical December and June station loads, planned with 
a view 


increase in water consumption. 


mean annual station load from 


purposes will be about 
load will be 
65 per cent. 


keeping the station load faetor as large as 
possible. By running the Minneapolis and St. Paul 
pumps during the off-peak hours, a December load fae 
tor, for present loads, of eent can be 
secured, and for future loads, a factor of about 74 per 
cent The load factor for the miscel- 
laneous light and power load is about 44 per cent in 
December, and 60 per cent in June. That for the 
street lighting load is about 56 per cent in 
and 27 per cent in June. These load factors on the 
considerably better than those usually ob- 
tained from commercial light and power loads. Dur- 
ing June, the present station load factor would be about 
76 per cent, but the future load factor would be re- 
duced to about 60 per cent unless the installation of 
motor-driven pumps in Minneapolis is increased. The 
present installation will soon be insufficient to supply 
the increased water consumption even if run 24 hours 
of the day. This, is uneconomical, as it 
would result in adding the Minneapolis pump load to 
the peak. Before this condition is reached, however, 
Minneapolis no doubt will find it advisable to install 
an additional motor-driven pump; in fact, this is al- 
ready under consideration. 


about S7 per 


can be secured. 


December 


whole are 


of course, 


The mean 1920 December station load will be about 
6000 kw. This would be secured from a discharge of 


2600 cu. ft. per second under the low water head. The 

mean 1920 June station load will be about 5200 kw. 
The total amount of electrical energy which will 

probably be required in December 1920, for street light- 
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ing and for miscellaneous light and power purposes, 
measured at the station, is about 93,000 kw-hr. This 
amount of electrical energy would be secured from a 
discharge of 1650 en. ft. per 


second under the low 


water head. 
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Power IN THE Vicinity oF Dam 


Use of Steam Pumps. Through proper codperation 
between the cities, the State University, and the Mu- 
nicipal Electric Company, the existing steam pumping 
plants of the two cities can be made to serve economic- 
ally the dual purpose of emergency pumping equip- 


ment and small auxiliary power plant. So far as the 
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reliability of a water supply is concerned, a combined 
steam and electric pumping plant is preferable to a 
plant dependent upon electrical power alone. So far 
as additional power required during periods of low 
water is concerned, the steam pumping plants consti- 
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tute the very best small auxiliary. They can deliver 
water to the reservoirs at less operating cost than a 
5000-h.p. steam plant, generating current which has 
to be transmitted and transformed, and then applied 
through a motor to centrifugal pumps, can possibly do. 
As the steam pumping plants are in existence, they 
serve as emergency pumping equipment and auxiliary 


power plant of about 2500 kw. capacity at the same 
time. 

The reservoir storage at the Minneapolis filtration 
plant amounts to about 80,000,000 gal. By 1920 the 
daily water consumption in winter is not likely to ex- 
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ceed 40,000,000 gal. The Minneapolis steam pumps 
have a capacity of 30,000,000 gal. daily, so that in case 
the electrical pumps were temporarily disabled, or no 
current were available, the steam pumps, by running 
continually, would be able to furnish the additional 
water necessary to supply the city for 8 days. The 
St. Paul steam pumps have an aggregate capacity of 
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about twice the present mean daily water consumption. 
A flow of 1750 eu. ft. per second is equivalent to about 
95,000 kilowatt hours of power per day. Whenever, 
because of low water, the power output fell to this 
amount, it would be necessary to run the two Minne- 
apolis steam pumps practically all day. Whenever the 
discharge fell to 2000 cu. ft. per seeond, it would be 
lecessary to run these two Minneapolis pumps about 
16 hours a day. It is probable that it would be neces- 
sary to run the steam pumps for at least a portion of 
the day, on an average 25 to 30 days a year, or 5 per 
cent to S per cent of the time. This is not entirely a 
disadvantage, however, as it would serve to insure the 
emergeney steam pumping equipment of both cities be- 
ing kept in good operating condition. 

Qn the basis of statistics obtained from the 1912 re- 
port of the Supervisor of Water Works, Minneapolis, 
the fuel and labor cost of operating the steam pumps 
has been computed to be equivalent to a rate of prae- 
tieally one-half a cent per kw-hr. for the electric 
pumps. This is about half the cost of eleetrie power 
developed by a small auxiliary steam plant. 

As previously indicated, during extremely cold 
Weather the maximum available 24-hour power may 
occasionally fall to less than 4000 kw. By utilizing 
the steam pumping plant for a few days each vear, and 
drawing on the available pondage, the maximum avail- 
uble primary power can be raised from 3100 to about 
HOO0 kw. and at a lower cost than could be done by 
a small steam power plant. 

Even if, in the near future, there should be an ex- 
treme flood, such as may occur for a day or two once in 
ly or 20 vears, the water power plant would still be 
able to carry a peak of about 7000 kw. This is more 
than would be required for the street lights and miscel 
laneous light and power uses. The steam pumps could 
again be run for a few days to supply any deficiency. 

Surplus Power, is estimated that by 1920 the 
inean annual rate of consumption of power for the pur- 
poses previously outlined will be about 4520 kw., if the 
vas and gasolene lights are replaced by electric lights 
as contemplated in this paper. This is equivalent to a 
mean annual station load of 5500 kw. The mean De- 
cember station load would be about 6000 kw., but in 
order to be able to meet the Municipal Electric Com- 
pany’s own peak load at times of high water, a very 
much larger installation would be required. In fact, 
an installation rated at 10,500 kw. under normal head 
and with one spare unit would furnish only very little 
more than the peak load which will probably have to 
be carried during the spring months by 1920. 

Assuming, then, that the Municipal Electrie Com- 
pany in the near future would want to reserve for its 
own uses, as previously outlined, 6000 kw., there would 


still remain about 4500 kw. of excess power. The mean 
annual amount of available power will be about 9000 
kw. With an installation as contemplated in this paper, 
it would be possible to carry a peak load for several 
hours of 12,500 kw. under normal head, and for one 
hour a peak load of about 13,500 kw. Inasmuch as the 
Municipal Electric Company's peak would be about 
8900 kw. by 1920, it is apparent that 4000 or 5000 kw. 
of excess power, when available at all, could be car- 
ried over the peak. This, undoubtedly, would make 
the excess power of considerably greater value than if 
it were necessary to sell it all as off-peak power. 

The installation contemplated in this paper would 
assure a reserve unit for use in case one of the other 
three units was temporarily disabled. This unit could 
also be put into service whenever, at times of ordinary 
high water, such as may oeeur for about a month each 
year, the head is reduced to a point where the three 
units would no longer be able to carry the load. It 
would also serve to make available, as peak power, the 
excess power, whenever such power could be furnished 
at all. Until the demands of the community, for power 
for public purposes, enable the Municipal Electric 
Company to utilize all of the available power, the sur- 
plus should be disposed of in such manner as would be 
of the greatest benefit to the public. 


PROBABLE BENEFITS 


The writer has made detailed estimates of the sav- 
ings to the community that would result from the oper- 
ation of the proposed hydroelectric plant, and places 
it conservatively at about $200,000 per annum by a 
few years after the Municipal Electric Company has 
begun Operations. 


DISCUSSION 


At the time of the Spring Meeting high water in the 
Mississippi made it impossible for those in attendance to in 
spect the construetion work of the High Dam. In present 
ing lis paper, therefore, the author showed slides of the dam 
and power house in various stages of completion, which gave 
a clear idea of the work in progress. He coneluded with 
comments on the high stage of the river and the amount o1 
power that would be available at different levels, referring 
to the effect of the Government reservoirs at the headquar- 
ters of the river, which comprise the largest reservoir sys 
tem for stream regulation in the world. 

As a result of these remarks most of the discussion which 
followed centered about the effect of the reservoirs, both in 
relation to the use of the river for navigation purposes and 
the development of the power project at the High Dam. 
This subject is one of great magnitude and since the short 
time available at the meeting permitted only fragmentary 
discussion quite inadequate to the problem, no space has been 
given to a report of the diseussion.—Eprror. 
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INDUSTRIAL SERVICE WORK IN ENGINEERING SCHOOLS 


BY JOSEPH W. ROK, NEW HAVEN, CONN. 


Member of the Society 


A social force has been at work in our engineer- 
ing schools for the past few years which materially 
affects the attitude of students, on leaving college, to- 
wards working men. It concerns a steadily growing 
portion of the membership of The American Society of 
Mechanical Engineers,—that in the Student Branches. 
As many of these members will be called on for leader- 
ship in this Society in the coming generation, whatever 
helps or hinders their broadest professional training 
should have its careful consideration. 

In the winter of 1907-1908 some engineering stu- 
dents of the Sheffield Scientific School at Yale started 
an activity which for want of a better name, has been 
called industrial service work. It consisted of a study 
of welfare activities, living and working conditions in 
American industries, and a definite attempt to render 
some useful service to workingmen in the city. As a 
large industrial center, New Haven has many thou- 
sands whose greatest need is a knowledge of the Eng- 
lish language. It was felt that to help meet this need 
was the most practical service the students could 
render. A system of instruction in English was 
evolved, based on the familiar phases of everyday life. 
which did not require a knowledge of the foreign lan- 
guage on the part of the teacher. Groups were organ- 
ized in various parts of the city wherever they could 
be gathered, the general plan being that the students 
should go to the men rather than to attempt bringing 
the men to any school or institutional buildings. The 
plan worked well from the start. The classes were full 
and many newly arrived immigrants were reached who 
would not have come near a publie night school. 

In connection with this teaching work, which was 
the main activity, a series of talks on industrial sub- 
jects was given to the students by such speakers as 
John F. Stevens of the Panama Canal, 8. B. Thorne 
of the Buck Run Coal Company, Charles Stelzle, Miss 
Gertrude Beeks, Prof. Edward A. Steiner, Charles R. 
Towson, and others. A small library on immigration 
and industrial conditions was set at work and some of 
the books became well worn. 

The hold which it took on the better type of stu- 
dent, as well as its effect on him, were interesting and 
significant. The work was wholly voluntary and done 
in their own free time, yet many gave two or more 
evenings a week throughout the whole winter to it. 
The word ‘‘ mucker ’’ dropped from their vocabulary. 
The ‘‘ wop,’’ the ‘‘ hunkie ’’ and the ‘‘ dago ’’ became 
people, acquired names, and sometimes commanded 
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their genuine respect. Student and workmen were 
coming, often for the first time, into direet and friendly 
contact and finding out for themselves how the other 
lived, worked and thought. From the knowledge so 
gained, there came an attitude of frank good will and 
friendliness on the part of both. 

The following winter a number of other engineering 
schools undertook a similar work with similar success. 
Under the leadership of the industrial and student de- 
partments of the Y.M.C.A., it 
throughout the country until now, only seven years 
later, more than 3000 students are engaged in it and 
are coming into contact with about 50,000 workmen. 

In a general way the activities of the student are: 

a) reading and investigation of the general principles 
involved; and (6) 


has spread rapidly 


a personal contact with workmen in 
The latter takes many forms, but 
chiefly that of teaching. In all industrial centers there 
is a large number of men whose greatest need is Eng- 
lish. Without it they cannot get a job alone, buy their 
own supplies, understand instruetions for their work 
or even for their own personal safety; hence the pa- 
and With a 
English, an opportunity of becoming industrially inde- 
Other subjects, of 
course, are taught, such as first aid to the injured, ele- 
mentary mathematics, drawing, and civics; 


some line of service. 


drone labor contractor. knowledge of 


pendent is opened up to them. 
but Eng- 
lish is the greatest need. 

The service is not, however, confined to instruction 
nor to foreigners. Any sound basis of contact is util- 
ized. Wherever possible, the classes or groups are kept 
small, not over five or six men to a teacher, in order to 
The work is 
done independently of the college curriculum, on a 


insure the element of personal contact. 


voluntary basis, and without pay, as this basis is by 
far the best in its effect on the student. 
the faculty has codperated by taking over that portion 
of the program relating to speakers and has irranged 
a course of industrial lectures for all upper c!assmen. 
This has been done recently at the Sheffield S-ientifie 
School with good success. The advantages of indus- 
trial service work are felt by the employer, the work- 
man, the student, and the community. 

Employers, some of whom were at first critical, wel- 
come it for its direct benefit and support it by giving 
access to the workmen, by furnishing places for teach- 
ing and in many eases paying the small necessary ex- 
penses. They see, too, its effect on the student. An 
employer recently said: ‘‘ Two college men of equal 
training worked in my shop last summer. One of 
them ‘ knew it all,’ was despised by the men and got 
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fired. The other became * one of the men ’ and learned 
from them, and nearly every evening some of the 
working men went to his room and he helped them in 
mathematics, mechanics, plain reading, ete. That fel- 
low has a big job awaiting for him because he has 
learned how to handle men to his advantage.’’ 

Some of the advantages to the workmen have been 
pointed out above. He is given nothing which pauper- 
izes him or lowers his self-respect. Usually he is sus- 
picious at first of the student as a representative of the 
capitalistic class. He finds, however, by a contact 
Which he has in almost no other way, that at least these 
boys are clean-cut, fair-minded and friendly. Those 
who are familiar with the attitude of workmen know 
their latent feeling of contempt for the voung college 
engineer who comes among them, possibly strong in 
things which they little appreciate, but weak in prac- 
tical things, where they are strong. We have all seen, 
however, the lovalty with which old, hard-headed work- 
men will serve young college men who have won their 
confidence and made good with them. Their distrust 
vives way to a feeling of pride in their successes such 
as they might have for their own sons who have been 
viven advantages they themselves have not had. This 
change m attitude of the workman has been clearly 
marked, and shows a breaking down of social antago- 
nism—a help to all (see Fig. 1 

The gaim to the student, while not obvious, is quite 
as great. More than half the value of an executive en- 
gineer lies in his capacity to understand and work with 
his men. No amount of technical proficiency can make 
up for the absence of it. One of the greatest weak- 
nesses of the college-trained engineer is the unconscious 
attitude of assumed superiority which he sometimes 
has, for a time at least, after graduation. It seriously 
limits his usefulness and his capacity for learning. The 
ability to understand and to.work with men is the most 
valuable asset he can have. This our colleges, as col- 
leges, cannot teach, for it is based on a knowledge of 
human nature and there is no textbook on human na- 
ture. It can be learned only by personal contact; and 
genuine personal contact is possible only on a basis of 
mutual respect and friendliness. The students are 
learning much more than the possibilities and limita- 
tions of welfare work. They are acquiring a personal 
attitude toward fellow workmen which starts them out 
right. 

It is possible to give here only a few expressions of 
how this work is held by students of the stronger type. 
One says: ** It’s a wonderful, and sometimes a humili- 
ating revelation to a fellow to get up against some of 
these foreign men. It just makes a fellow readjust a 
good deal of his previous thinking.’’ Another, one of 
the best known college athletes of the day said a few 
months after graduation: ‘* Remembering what | 
learned in this movement at Yale, when I became fore- 
man | treated my gang of Italians as men and not as 


dogs, and it was really pitiful to see the way they re- 
turned the little kindnesses | showed them. Each day 
I was met with cheery words of greeting. When the 
job was complete, the men came to me in a bunch, 
thanked me for the fair way | had treated them and 
said they would like to work for me always.’’ <An- 
other, a football captain, said a short time ago: ** This 
industrial work is the livest thing that’s struck college 
since I’ve been here. It’s a real job and it’s practical. 
Everyone of us who goes into it is bound to acquire an 
experience in dealing with men which the curriculum 
cannot give, and we need it.”’ 

Last vear one graduate, who went into the office of 
a bituminous coal mine, gathered together a class of 
seven men to prepare them for examinations as fire 
bosses and underground foremen (see Fig. 3). With 


this instruction the men passed the examinations and 


Fic. 1) INpusTrRIAL SERVICE aT WORK 
Teaching English at a Construction Camp. The Lesson is Posted 
on the Side of the Car. The Breaking Down of Class 
Feeling is Clearly Present 


their potential earning capacity per year was increased 
an average of $266.40 per man. As a result, this year 
40 men applied for similar instruction and as this was 
beyond his capacity, arrangements were made for paid 
night instruction in one of the publie school buildings 
which has been carried on by others under his super- 
vision. Without multiplying instances we find results 
like this wherever men go who have had this industrial 
service training. 

The advantage to the community needs but little 
emphasis. When one considers the type of American- 
ism with which the immigrant first comes into contact. 
it is no wonder that his social standards remain low. 
The only Americans, whom many a Pole or Italian 
meets, are the saloon keeper, the ward heeler, and the 
grafter. Contact with clean-cut, wholesome, educated 
college boys opens up to him a type of Americanism 
which he sees in no other way. It raises his standards 
and kindles his ambition. The men come to the stu- 
dents with all sorts of questions which indicate a hun- 
ger for information and improvement. 

As the industrial service movement has developed it 
is quite distinct from ordinary social welfare work. It 
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has two clearly defined objectives. The first one is 
immediate benefit to the laborer whom the student may 
be teaching; the second, less obvious, but main pur- 
pose, is the subjective effect upon the student himself, 
the developing of an attitude of mind, and a knowl- 
edge of the social aspects, the responsibilities, and the 
opportunities of his engineering profession. While 
the latter should not be over emphasized to the student 
it is never lost sight of by those directing his activities. 

Such briefly is the development and nature of indus- 
trial service work. In appraising its value it is well 
to look at it broadly. The work which these students 
are doing is part of a general trend, of a changing of 
social standards; and of a development away from the 


ANOTHER PHASE 


Fig. 2 
A Noon-Day Class in a Foundry in First Aid to the Injured 
Practically all of these Men are English-Speaking 


industrial individualism of a hundred years or even 
fifty years ago. The probability is that this tendency 
will increase rather than diminish during the coming 
generation. 

Industrial history shows nothing more clearly than 
the fact that while tools of production make high social 
development and physical welfare possible, they by no 
means insure them. The series of inventions of Har- 
greaves, Arkwright, Eli Whitney, Watt, and other 
great inventors from 1760 to 1800 resulted in a tre- 
mendous readjustment of social conditions. In Eng- 
land, where this change was felt first and most severely, 
tens of thousands of artisans found their handicrafts 
supplanted. They drifted into the new industrial cen- 
ters and found work as best they could. The result- 
ing conditions are a matter of history. The industrial 
leaders had little or no sense of responsibility for con- 
ditions of labor and living which would not be toler- 
ated to-day. Operatives were crowded together under 
unsanitary and dangerous ccnditions, working hours 
were long, and wages were governed solely by the sup- 
ply and demand of an overcrowded labor market. 


This indifference on the part of the employers was 
soon met by violence and industrial warfare. At 
length, from various reasons, conditions began to ad- 
just themselves. Under the leadership of such men 
as Lord Ashley, Robert Owen, an industrial conscience 
came into existence, and year by year, partly through 
labor legislation, partly through labor unions, partly 
through voluntary improvement by the employers, 
conditions have steadily improved, and are now bet- 
ter than before the introduction of machinery. 

The situation was never as acute in this country as 
it was in England, but we know that even today we 
have in America industries with the most highly de- 
veloped machinery where child labor and dangerous 
er unsanitary working conditions still exist. While 
conditions as a whole are by no means ideal, there has 
come a general acceptance of the fact that reasonable 
hours, good light and air, safety, and a fair wage are 
best not only for the worker but for the employer. 
Men do not agree, by any means, as to just what con 
stitutes reasonable hours and a fair wage: but none 
now deny the general principle. 

At the beginning of this century a new foree came 
in, the rapidly developing art of industrial manag 
ment. It is still in its infaney, vet enough has been 
that old 


been wasteful and that great increases in production 


done to show methods of management have 


are possible when the right methods have been found 
The 


machinery vastly increased the workman ’s production 


and put into successful operation. Invention of 


by giving him new and efficient tools. The new force 
opens up a further increase, through the higher effi 
ciency of the workman himself and of methods of in 
The effect 


The advent of machinery produced a profound 


dustrial management. in both cases is the 
sale, 
social readjustment accompanied by widespread dis- 
tress and friction. The readjustments due to the ap- 
plication of improved methods of management will not 
in all probability be as great, certainly not cs drastic. 
Standards are far higher today than when machinery 
was first introduced a hundred vears ago end work- 
men now have means of defence. Moreover, the social 
changes possible are probably not as radical or far 
reaching as in the earlier development. 

The development and application of the highest 
types of industrial management, however, is going to 
be difficult and delicate work, if the results are to be 
made a permanent benefit to society as a whole. Those 
who personally direct this development will largely 
determine the efficiency with which efficiency it- 
self is applied. If the attempt is made by those in 
charge to seize all the benefit of the improved methods 
and to crowd the advantage of the employer they will 
either defeat or indefinitely postpone the advance. 
They must be experienced men, wise, fair, thoroughly 
conversant with possibilities and free from sentimen- 
tal idealism. This means not only a knowledge of ma- 
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chinery, systems, and time study, but of human nature 
and the rights and real needs of industrial workers. 

The executive engineer will be at the foeus of this 
situation. He alone is in direct personal contact with 
the two great elements involved, capital and labor. 
His thorough understanding of both of these forces 
will prove one of the greatest elements in progress. If 
the man in actual charge has little knowledge of, or 
sympathy with, the workman, serious missteps are 
certain. If on the other hand to a thorough technical 
training and knowledge of the resources and respon- 
sibilities of the employer, he adds an attitude of fair- 
ness and friendliness, and a personal understanding 
of the workman involved, the new foree will work out 
to the good of all coneerned. Scientific management 
offers an opportunity to pay better wages, but it will 
require strength and wisdom to apportion the eco- 
nomie gain fairly, and to maintain a just distribution 
of it. 

Welfare work in various forms has been going on 
for many years, ranging all the way from improve- 
ment in the small details of working conditions to the 
planning and building of whole model cities. Some 
of these enterprises, conceived in a spirit of genuine 
yood will, have met with no response from the work- 
men and in spite of the great sums of money and much 
thought spent on them, have ended in’ bitterness and 
disappointment. In other cases welfare work has been 
developed quietly and wisely, each move being tested 
out as it was tried and has deeply influenced the lives 
In the 


record of these enterprises there is a glaring diserep- 


und social standards of the whole community. 
aney of success and failure. Most of the failures have 
vone onto the rocks from violation of the fundamental 
there has 
been a fine flavor of condescension; others have been 


principles of human nature. About some 


nade an advertisement; others have been imposed 


upon workmen by authority. A workman, no matter 
how crude his social standards, has a right to his own 
personality and sooner or later he will assert it. As 
one of their leaders put it to the writer: ‘* Some of 
these employers roll their good intentions into a big 
bolus and jam it down the workmen’s throats saying 
* Here, take that; it’s good for you.’’’ No welfare 
work will ever be effective unless it is preceded by a 
square deal, is wrought out gradually and patiently, 
and is the product of mutual confidence, experience 
and good sense. 

While thousands have been invested in welfare en- 
terprises, we know that the purpose behind them is 
being accomplished in scores of industrial organiza- 
tions, without any special:equipment, by the personal 
influence of some man or men in charge. These men 
seem to have a genius for understanding and develop- 
ing the best in those under them. 
rule or system. 
sonality. 


They have no fixed 
It is a question of attitude and per- 
They create an atmosphere of confidence 


ROE 
instead of suspicion and distrust. Their influence per- 
meates a whole factory, kindling ambition and devel- 
oping better workmen and better industrial conditions. 
Such men can accomplish wonders without any wel- 
fare equipment. Given a welfare equipment they 
make it successful and beneficial to all. Their value 
to the employer, to the workman, and to the commu- 
nity can hardly be overestimated ; the new art of man- 
agement under the direction of such men will prove a 
permanent success. The development of just such 
men as these is the aim of the industrial service move- 
ment. 

We have tried to sketch briefly the spirit of this 
movement, its main activities, and its relation to the 
There 


are at present about 30,000 students in the engineer- 


general industrial situation. It seems sound. 


Fic. 3) A Resvuvt or INDUSTRIAL SERVICE TRAINING 

An Evening Class in Practical Mining. The Teacher in Charge i 
«a Young Assistant Superintendent who Became Interested 

in Industrial Work while at Yale 

and colleges 

Of these, perhaps 

About 20 to 25 per cent 

of the students become sufficiently interested in this 

work to get the benefits of it. 


the various schools 
throughout the United States. 


to 7000 graduate each vear. 


ing courses of 


What will it mean to 
the employer and workman in the next generation to 
have coming into the management of industrial enter- 
prises 1000 or 2000 men a year, who inspire good will 
and confidence and have the right point of view from 
the start? 

So far the industrial service work has been guided 
by experts from the industrial and student depart- 
ments of the international committee of the Y.M.C.A. 
These men have given it special study and have di- 
rected its activities. They have kept it free from fads, 
and its rapid growth is perhaps the best evidence of 
the wisdom with which it has been directed. Although 
the motive which lay behind it was a religious one, it 
has attracted many men who took but little interest in 
the ordinary forms of religious activity. Many of 
these have found in the progress of this work that this 
motive and the unselfish social one are not so far apart. 
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In this industrial service movement, we have a large 
body of students giving a reasonable portion of their 
time voluntarily, and outside of their regular studies, 
to work which is an immediate benefit to others and to 
It has been 
suggested by members of the Society that this work 
might be fostered as one of the activities of the Stu- 
dent Branches. If so, it should be wisely and care- 
fully directed. The experience and training which its 
present leaders have acquired would be available and 
can be called on to help organize and guide it. The 
work of the Student Branches is good, but they have 
much greater possibilities than we have vet realized. 
At present their main, if not sole, activity has been to 


themselves as coming industrial leaders. 


arrange a series of engineering lectures, which is well 
as far as it goes. Some such work as this industrial 
service in addition would strengthen their usefulness 
and bring in the human element which the curriculum 


cannot give. 


DISCUSSION 


L. P. ALrorp. Protessor Roe asked me to make one suz 
gestion in his name in regard to the work of the Student 
Branches. It is that there might well be some person con- 
nected with the Secretary’s office charged with the duty o! 
visiting the Student Branches as often as necessary with 
this purpose. The members of this Society are employers 
of cadet engineers. The Student Branches are training these 
young engineers for full membership in the Society after 
they have reached the proper age and acquired the neces- 
sary experience. Through the medium of this offieial of the 
Society working with the Student Branches, it might be pos- 
sible to modify and improve the training of young engi- 
neers to their advantage, to the advantage of their first em- 
ployers and further to the advantage of members of this 
Society. 


P. F. Wacker. I have had the Student Section at the 
University of Kansas under my charge ever since 1909, when 
the section plan was put into effect, and | believe thoroughly 
in what Mr. Alford has suggested. I remember very dis- 
tinetly the enthusiasm with which my boys greeted Secre- 
tary Rice two or three years ago when he came out to visit us. 

With regard to Professor Roe’s paper, I think the plan 
suggested is one that may be readily applied in the cases of 
rections connected with institutions located in large cen- 
ters, but those of us who are in institutions located in 
smaller towns will have to employ different methods. One 
method which I believe to be workable, is based on the plan 
of University Extension work which Kansas, along with 
Wisconsin and other western universities, is developing. 
Vocational courses of study adapted to the needs of boys 
and young men engaged in the various industries of the 
state, are outlined. Through these, they receive instrue- 
tion in the rudiments of mathematics and the sciences re- 
lated to engineering, together with first principles in their 
application to construction work. I expect to have two or 
three of my seniors in mechanical engineering working as 
instructors in this connection next year. I mention this as 
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2 suggestion for those institutions not situated in the large 
manufaeturing centers. The general plan brought out in 
the paper is a most happy suggestion, and one which may 


well engage the attention of the Society. 


H. L. Ganrr. I do not think that the membership at 
The 
inost Important problem before the industrial community to- 


large has any idea of the importance of this paper. 


day is that of the relation between the employer and em- 
plovee. The reason why this is so is because the employer 
vid employee do not understand each other. 

The plan suggested to bring the employer and employee 
together, is the most promising step that I have seen or 
heard of. We see in the papers every now and then what 
somebody in the American Manufacturers’ Association says 
about what the Unions are doing to them. They do not say 
That is 


Foreigners who 


® word about what they are doing to the Unions. 
because they do not understand each other. 
come to this country do not understand us; we do not under 
stand them. To many of us, they are simply “ Dagos” or 
* Hunks,” to be treated as somebody in authority sees fit. 
Now, the activities which Professor Roe has described will 
bring the engineer of the future in contact with all of these 
people and give him a knowledge of who they are, what they 
I find that the Hungarian, the 
Pole or the Italian is very much like anybody else when vou 
really know him. 


are, and what they can do. 


Some 


took 


There was great dissatisfaction in a place where 


time ago the tollowing incident ot interest 
place. 
| was doing some work, and I investigated to see what the 
trouble was. My man had been there and everything was 
voing very smoothly when he left; soon afterward, | found 
u good deal of trouble. On investigation, I found that the 
management had not carried out the promises which they 
had made, and their people were on the verge of a strike. 
My man was telegraphed for and succeeded in straighten- 
ing things out as soon as the management made good their 
Nobody had taken the trouble to find out just 
No one had talked with the work- 


men who, in my opinion, were absolutely right. 


promises, 
what the matter was. 
As soon as 
the management began to recognize the actual conditions, 
the whole matter was cleared up. 

Workmen are in one class and employers in another, and, 
as they do not know each other, they cannot, or will not, 
talk to each other. So long as that condition prevails, we 
are not going to solve our industrial problems without some 
connecting link. The work that Professor Roe is doing is go- 
ing to turn out a lot of young engineers who will learn some- 
thing about the human nature with which they have to deal 
and supply this link. In the ordinary college course, the stu- 
dent gets a lot of mathematics and engineering, all from the 
book end. Then he goes out on a job and sees the mechanical 
processes, He can learn those mechanical processes a great 
deal quicker than he can learn the human beings who have 
to operate them. You may build the best mechanism in the 
world, but some human being has to operate it, and if you 
have not a knowledge of the kind of human being who is to 
operate it, you are going to get into trouble. 

The term—scientific management—is used in this paper: 
it means the utilization of scientific methods of investiga- 
tion in the art of management. You can build up a system 
of management which is perfect, just as you can build a fine 
steam engine or automobile, but unless you have the right 
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personality to run it, you are just as likely to wreck it as 
you are to wreck the automobile or steam engine by putting 
al incompetent person in to handle it. Some time ago, a 
publisher asked me why certain books he was getting out 
did not sell; he had been writing papers or publishing articles 
on management. The reason was that he had not vet grasped 
the idea that a system of management is a mechanism, all 
parts of which work together harmoniously. He had seen a 
little stunt that somebody did, and had published an account 
of that: he had seen a stunt somebody else did, and pub 
lished an account of that; he had stunts from everywhere, 
and tis paper was filled with these stunts that had no rela 
Hion whatever one to the other. They might have repre 
sented a dozen systems of management, each one a good one, 
but the stunts that were good in one system did not fit in the 
other. To illustrate what he was doimg, take a pieture and 
Jigsaw if lute pieces, lt you have only one preture, many 
people can take these pieces and put them together cor 
rectly. It, however, vou take six pietures and ent them 
up ite stnall preces and put them into one pile, the prob 
lem of making a complete picture from this pile is far more 
diffieult. If vou deal out these pieces indiscriminately a 
lew ata time, the probability of making any picture cor 
plete See hardly worth cousidering. Nobody would bus 
such pie es, no matter how much interest he had in the sub 
ject. 

The law in the present way of trying to develop industrial 
management is very similar to the above. The editor cited 
is trving to sell pieces of systems of management not in 
vets, but all mixed up together. In constructing a system 
of management, one must first have an ideal whieh must be 
based on the knowledge of human nature as well as on a 
knowledge of mechanical operations and appliances. Profes- 
sor Roe and his co-workers are giving their students the fun- 
damental ideas of how to handle their workmen. It is very 
much better to have a man who knows how to handle the 
workmen using a comparatively poor system of manage 
ment, than it is to have somebody who does not know how 
to handle the workmen with a fine system of management. 
The first will get along better than the second, and | want 
to emphasize that this training of the engineering student 
in a knowledge of the human nature with which he has to 
deal, to my mind, ranks in equal importance with strictly 
engineering training. 


C. W. Rier. 
Roe that the Secretary arrange to visit the Student Branches, 


In response to the sugvestion of Protessor 


your Secretary tries to be up toe date in every realm ot 
activity of the members. As soon as I heard, two years 
ago, of this werk of Professor Roe, I wrote a personal 
letter to every head of a mechanical engineering de- 
partment in each of the schools in America where it is 
taught. and you would be pleased to see the magnificent re- 
sponses that were received, showing that they are all alive to 
this movement. As a suggestion, I think that speaking for 
Professor Walker, as representing the Student Branches, he 
would be glad to have also the members of the Society visit 
him-——-men of affairs. I think there is nothing so attractive 
to the average student as to have a real man with a repu- 
tation, come and visit the school and give a talk. 

The effect would be two-fold. You would have the inter- 
est of more members of the Society in that work and you 
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would have more interest on the part of the Student Branches 
because men of affairs were interested in them. Now an- 
other suggestion has come to me with respect to students, 
which can be accomplished by every person in the room 
and by every person with whom you speak when you get 
home—and that is, the benefit of these conventions. Every 
person here must be in some organization. You must have 
men in your employ who are just out of college or who are 
just starting in your organization, lacking experience. Try 
to co-ordinate them with the university in your town or with 
some organization in your town which is doing this class of 
work. You will have a two-fold benefit from this interest. 
First, your men in your employ will become more useful to 
you because they understand men better, and second, the 
men in whom they become interested will also become bet 
ter employees for you. 

When I first started out in 1889, L got in line at the win- 
dow to take a job, and the man directly following me be- 
came a sweeper, while | commenced to file off the paper 
between the laminations of transformers. In the course of 
time, | was promoted to foreman of a room and the man 
who was a sweeper still continued as a sweeper. In after 
years I went back to that factory and found that man was 
still sweeping up in the vards, Now the difference was one 
of inspiration and of opportunity. If we interest our young 
men to take the time to instruct the more ordinary laborers, 
they become more valuable than sweepers in the course of 
three or four years. We must educate our men to be continu- 
ous In our employ as useful workmen, rather than continue 
as sweepers, and education is the only way in which you can 
do it. 1 want to urge each one of you to take the spirit of 
this paper of Professor Roe and apply it to your own fae- 
tory now rather than to think it is something for somebody 
else to do in some university. 


P. Waker. There is one other thought in connection 
with the Student Section and what it may mean in the life 
and work of the Society, that | would like to lay before you 
by explaining what we have done at Kansas. Each vear, 
usually in December, we hold our annual meeting. There is 
io organized local section of the society membership nearer 
to us than St. Louis, but we are only forty miles from Kan- 
sas City where there are nearly twenty members. As many 
more are scattered in other cities in the state. At these 
annual meetings of the Student Section, we make a special 
point of inviting every member of the Society who is with- 
in reasonable distance, and some of them always come. | 
speak of this as a suggestion, indicating what the Society 
might do in the way of recognizing the Student Section cen- 
ters as nuclei for local sections of the Society for the regions 
adjacent, when the location is distant from those cities where 
a full local section organization is practicable. 


L. P. ALrorp. I feel impelled to say another word in the 
name of Professor Roe. I know that in making this sug- 
gestion he has had no thought whatever that there has been a 
lack of codperation between the Seeretary’s office and the 
Student Branches. It is not that at all. He has been merely 
trying to point out the possibility of further and new activi- 
ties and suggesting the way in which some of these can be 
initiated. Personally, I am most heartily in sympathy with 
the suggestion of Mr. Rice that some members of the Coun- 
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cil or other members of the Society take occasion to visit 
and address the Student Branches. 

Professor Roe’s paper does not reveal his personal con- 
nection with this great movement. He is its Father. He 
is the man through whose far-sightedness and initiative the 
work was started. He deserves a generous measure of our 
esteem and commendation for having inaugurated a social 
movement in our engineering colleges that promises to be ot 
creat benefit to engineers and industry. 


H. L. Ganrr. To visit these Student Branches and start 


this working going, will cost something. You cannot do any 
of these things without money. I feel that many manutac- 
turers would be willing to put up money for the advance- 
ment of the Society. Somebody has suggested that we 
might have manufacturers who are contributing members 
or something of that kind. This suggestion is well worth 
considering. The possibilities of the engineer as an economic 
factor, have been emphasized most clearly within the last 
twelve hours, but we need money to make them realities. All 
we need now is to have some way of financing this growth 
which seems to have started with sueh a rush. 

Dory. think that most employers, at least) mod- 
ern employers, recognize their obligations in connection witli 
the general subject of welfare work. The thought that “a 
man is his brother’s keeper” does seem to permeate the 
minds of a good many employers. We have here in St. Paul 
in our company work, an employees’ club, formerly called 
The Technic Club. We have some educational work, some 
welfare work, we have talks on “ safety first,” on efliciencey 
and we also have talks covering good management and some 
on bad management. We try to make these meetings of em- 
ployees of vital interest to them. We bring home homely 
suggestions—we bring home their work-a-day life. These 
meetings are held as frequently as necessary, at least once 
a month, and in addition to the practical side of the work, 
the construction, the manufacture, the distribution—all the 
operations of the propertvy—we have the social side, a dance 
occasionally, a pienic now and then and an exeursion dur- 
ing the summer season—something that will maintain the 
human interest, and bring together the employer and em- 
ployee. 

We try to have a sense of the need of the understand- 
ing which Mr. Gantt has referred to. We know that em- 
ployers without employees could accomplish very little. 
especially in continuous service business like publie utilities 
when twenty-four hours a day, three hundred and sixty-five 
days a year, somebody is working somewhere with us, and 
we need something outside of the mere payment of wages 
as compensation to the employee. I do not go so far at the 
present moment as to refer to service pensions or service 
annuities, or profit sharing, or other form of welfare work as 
it is understood generally, but all those things we do have in 
mind. 

The educational work is particularly important and is under 
men like Mr. Walter C. Beckjord and his associates. A few 
vears ago, Mr. Beckjord was a student at the University of 
Minnesota and came to us as one of our cadet engineers. 
We have that feature established to bring about the training 
of the younger men, and through years of faithful service, 
he is now oceupying a position of responsibility and has been 


President of the branch of our educational work including 
both the gas and the electrical departments. 

We claim no special credit for the work we are trying to 
do. It is work that is being advoeated by the National Elec 
trie Light Association. 
Insull, 


It has been recommended by Mr. 
President of the Commonwealth-Edison Company. 
who has suggested that educational work be carried on in the 
time of the employer, not only the time of the employee 

after hours—when a man perhaps is tired and does not care 
to come out; but that hours be set aside from the employer's 
time for this educational work. That, | think, is a wonder 
where a man recognizes the responsibility 
to employees to give time for educational work on the com 
pany’s payroll. 


ful step forward 
The movement is here. It is the coopera- 
tive movement and we must, as progressive nel, progres- 
work tor us to do 


sive engineers, recognize that there is 


along this line. We are not wholly discharging our obliga 
tions by the giving of the pay check or the pay envelope at 


the end of the week or the two weeks’ period. 


H. L. Ganrr. 
fare work. 


Professor Roe does not regard this as wel- 
Welfare work, as I understand it, is something 
done by the employer for the employee. Now, personally, I 
Pro- 
fessor Roe says here: * A workman, no matter how crude his 


am not a tremendous advocate of welfare work as suel. 


social standards, has a right to his own personality and 
sooner or later he will assert it. As one of their leaders put 
it to the writer: * Some of these employers roll their good in- 
tentions into a big bolus and jam it down the workmen's 
throats saying “ Here, take that; it’s good for you.” 

While I have no idea that Mr. Doty has any reference to 
welfare work of that character, yet there is a good deal o! 
so-called welfare work that is strietly of that 
sometimes with the best intentions in the world, 


character, 
The work 
which Professor Roe is doing is not in this class and seems 
to me to be at the root of our industrial progress. The gap 
between employer and employee will widen, if we do not do 
anything to close it up. It is just equally important to pub- 
lic interests and to the interests of the employer, to those ot 
the engineer and to those of the employee that this work 
be done. 


JAMES HarTNeEss (written). I have read this paper en- 
titled “ Industrial Work in 
with keenest interest and pleasure. 


Service Engineering Schools” 
I am in most hearty ae- 
cord with the central motive and am confident chat it will 
have a far reaching and beneficial effect not only on the 
undergraduates, but on all engineers who are in receptive 
condition for progressive ideas. 

The engineer should be in the forefront of the eampaigu 
for bringing people together—not only people of different 
nations, but people of different walks of life. The trend o! 
the public’s social and economie views will begin to turn 
upward as soon as these various peoples begin to understa:: 
each other. But so long as the workman fails to understand 


the business man, and the business man the worker, the 
trend of our ideas will be toward anarchy. 

The paper should serve as a keynote for many others that 
will bring out the great importance of this fact, for it is the 
engineer, who, as the director of men, is in the position to put 
into practical effect many regulations that will lead to a bhet- 


ter relation and a better understanding between man and man. 
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This can be truly called welfare work, but it should not 
carry with it the impression that it is solely for the laborer 
er even for the newly arrived immigrant, for it is as truly 
welfare work among the well-to-do. 

Our suecess as engineers will be greater if we work along 
these lines and the value of the engineer to his country will 
le beyond measure if he realizes his obligations and oppor- 
tunities along the lines stated. 

Although the paper sets forth this work in its bearing 
ou the student and the humblest workers, it will carry to 
every one the message that there are opportunities of this 
kind not only between the business man and the worker, but 
also between the workers of different grades when measured 
according to their skill and knowledge. 

| congratulate the writer on presenting this subject to 
our Society and hope that it will be followed by others tend- 
ing to offset the present unfortunate trend of class feeling 
in this country, for much harm and very little good will be 
obtained by any scheme that fails to take into consideration 
that each man has a heart as well as a brain, and that each 
man may best be directed by someone in whom he has con 
fidence, by someone who understands him and that the 
physical energies of man must be directed through the man’s 
inner self. You must get at his inner motive instead of 


trving to foreibly impress his body into service. 


Tut Aurnor. So far trom implying eriticism, the sug- 
vestion referred to in the discussion sprang from the very 
effectiveness of Mr. Rice’s relations to the Student Branches. 
No one knows better than the engineering instructor his in- 
terest in the Branches, or the value of his visits to engineer- 
ing schools. But, as the chief executive oflicer of the Society, 
the Secretary has the responsibility for many activities, of 
which the Branches constitute but one. The President and 
Council members are men of important outside interests. 
None of the ofheers of the Society are in a position to give 
all, oreven a large portion, of their time to the Branches, even 
if they would, 

And yet there is a great field there. The Branches are 
inereasing in number and membership. Their value, already 
demonstrated, may be greatly enlarged; and the good work 
done by the Society under existing conditions justifies an 
extension of its activity. The present offieers cannot, in 
justice to their other responsibilities, however, be called on 
for a very much greater contribution of time than they are 
now giving. 

What is suggested, therefore, is a salaried officer of the 
Society, who should be a college man of experience, wide 
acquaintanee and constructive ability, who would, under Mr. 
Kiee’s direction, organize Student Branches and supervise 
their activities, bring the oflicers and active members into 
closer relations with engineering students, assist in arrang- 
ing schedules of speakers, help students in securing wise 
summer employment, and inquire into and develop such new 
activities as this Industrial Service work, which the writer 
believes to be of suflicient promise to justify, of itself, the 
step proposed. But it is a work which is expert in nature 
and must be guided wisely to keep it free from fads and 
the mistakes of immature enthusiasm. 

This program is merely a suggestion. The right man 
would materially extend the field as his work progressed. 
Like the education, with which it would be allied, it would 
he constructive work for the future and its influence would 
he most felt in the next generation. 


GEAR TESTING MACHINE 
By WILFRED LEWIS, PHILADELPHIA, PA 


Member of the Society 


The gear testing machine, shown in Fig. 1, is the re- 
sult of the writer's efforts to realize in concrete form 
an ideal machine for the purpose of continuing the 
experiments reported to the Society by Prof. Guido 
H. Marx at the Annual Meeting in 1912. The possi- 
bility of testing heavier gears at higher speeds with 
comparatively little power occurred at once to Mr. 
Ralph E. Flanders and to the writer as pointed out in 
their discussions of the paper, but the problem re- 
mained to design a suitable machine which might also 
be used to supplement the experiments made by the 
(‘ommittee on Standards for Involute Gears to deter- 
mine the friction losses and the running qualities of 
various types of gearing. After making a number of 
preliminary sketches, the writer was about to put them 
in the hands of a draftsman, when he had the good for- 
tune to meet Prof. E. P. Lesley, one of Professor 
Marx's associates, who accepted the task of preparing 
the working drawing. The machine as it now appears 
is due in large measure to his careful attention and 
skill in the perfection of every detail and the writer is 
pleased to acknowledge many helpful suggestions 
which have broadened the scope of the undertaking 
and made the design a practical possibility. 

The machine proposed is based essentially upon the 
principle of the machine used in testing by the Com- 
mittee on Involute Gears, which is to put the teeth 
under a working load without consuming an excessive 
amount of power. The design, however, has been modi- 
fied to facilitate changes in the working load and in 
the test gears employed. At the suggestion of Pro- 
fessor Lesley, it has also become possible, not only to 
change the amount of the working load while running, 
but also to change its direction, thus producing the 
effect of reversing loads upon the teeth while running 
continuously in the same direction. 

The apparatus has a hollow shaft made in two parts, 
A, and A,, united by a clamp A,, also made in two 
parts to facilitate assembling. At one end of this hol- 
low shaft is a flange to receive the steel gear ring G, 
which serves as a permanent part of the apparatus and 
is strong enough to resist the stresses due to testing. 

Besides the hollow shaft A, there are two solid shafts 
C and S on which are mounted the gears or pinions to 
be tested. Shaft S passes through hollow shaft A and 
has a flange, at one end of which is mounted test gear 
T. Shaft C, parallel with shafts A and 8S, carries the 
wide-faced pinion P, which is in mesh with both the 
permanent gear ring @ and test gear T. 

Shafts A and S are connected at their opposite ends 
by a novel device through which any desired amount of 
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324 GEAR TESTING 
load in either direction can be applied to the teeth, 
whether at rest or while running in either direction. 
To accomplish this purpose, the hollow shaft A is 
flanged to receive the pneumatic cylinder M, in which 
is the piston N, firmly secured to the shaft S. Pins 
D D are driven into the piston N through the openings 
in the cylinder M and upon the projecting ends of 
these pins rollers R R are mounted upon roller bear- 
ings. A bolt passing through the pins, piston and shaft 
secures the whole in place. These rollers Rk R engage 
helical segments H JI let into the walls of the cylinder 
M. Air pressure can be applied to the piston Non 


MACHINE, 
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or if preferred, a motor drive may be used in connee- 
tion with the extended end. When the gear wheel 7 
is to be tested, the intention is to use it in connection 
with a steel pinion; and when the pinion P is to be 
tested, the intention is to make it of cast iron and cut 
down the width of the teeth engaging with 7’, by nick- 
ing down on either side to a smaller width of face. 
When a tooth breaks in the wheel 7’, or in the pinion 
P, it is important to avoid the complete destruction of 
the apparatus by the jamming of the remaining teeth 
on their ends, to maintain the wheels G and 7 in proper 


relation te each other, and “or this reason, the steps 


Fic. 1 


either side to give a slight amount of end motion to the 
shaft S and so, through the action of the rollers upon 
the helical segments, a slight angular motion is pro- 
duced between shafts A and S, resulting in a pressure 
between the teeth of the gears upon these shafts and the 
teeth of the pinion on shaft C. Pressure gages O, O, 
connecting with each side of the piston area are cali- 
brated to record the resulting pressure on the gear 
teeth, taking account of the piston areas, the pitch of 
the helical cams H and the diameter of the gear wheels. 

Since but little power is required to drive the appa- 
ratus, the pinion P is simply clamped to the shaft C, 
by a nut on its tapered end. The shaft itself is made 
heavy for the sake of stiffness and a pulley O, between 
bearings, is attached for driving from a countershaft, 
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K A, with their adjustable eccentrics " EF, are 


em- 
ployed. The block A is clamped to the wheel @ through 
the intervening eccentric bushings EF EF. The intention 
is to keep one of the clamping bolts tight while the 
other is loosened and the eccentric adjusted to a pre- 
determined amount of clearance on either side, after 
which both eccentrics are to be clamped. These stops 
do not come into action unless a tooth is broken or de- 


formed. Then they cause both gears, G and T, to run 
together. By means of these stops it is also possible 


to study the effect of a predetermined irregularity in 
forming or spacing the teeth. For instance, an abnor- 
mally wide space or tooth can be simulated, when 
broken out or purposely cut away, by the position of 
the stops and the pounding effect in running will be 
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evident as the result of a certain measured irregularity. 

The shafts A and C are mounted in ball bearings to 
reduce friction and as a matter of expediency the scale 
of the apparatus has been determined by the bearings 
F F on the shaft A. These are of the largest commer- 
cial size and to make them available the shaft A was 
cut in two and united by the clamp A,. The bearings 
for the hollow shaft are firmly bolted and doweled to 
a bed plate W, while those for the pinion shaft are ad- 
justable to the diameter of the pinion used, a distance 
piece Voof proper width being used in every ease to 
prevent movement under load. 

It will be seen that the apparatus is capable of deter- 
mining to a nice degree of accuracy a number of un- 
settled problems of great practical importance at a 
very smnall expenditure for wear and tear and power. 
Jigs will be made for drilling the gears @ and T after 
cutting the teeth, so that the relative positions of the 
two wheels may be accurately fixed. Friction is prae- 
tically eliminated in the ball and roller bearings, and 
What remains must become inappreciable under the 
well-known influence of vibration when running, ex- 
cept that due to air resistance and the friction in the 
teeth. With some accurate means for measuring the 
power consumed, both of these variables can be deter- 
mined better than ever before. The apparatus in skil- 
ful hands should therefore solve the mooted question of 
the effect of speed on strength, and questions of dura- 
bility, wear and noise can be studied at a small outlay 
in power and materials. It is possible that some slight 
modifications may finally be embodied to facilitate con- 
struction, but the machine so shown is believed to con- 
tain the elements needed for an exhaustive examination 
of the subject of gearing in all its phases and the writer 
hopes it will appeal to some one interested, who has 
the means to build it and time to experiment on the 
lines so well indicated by Professor Marx. 


DISCUSSION 


Eumer H. Nerve: As | understand it this paper is simply 
# record of a design which has never been built. It would 
appear therefore that the real discussion of this machine 
will be brought out when it has been built and an attempt 
made to draw conclusions from experiments made with the 
machine. At that time more details will be apparent than a 
hasty examination reveals. We will be able to judge some 
what of the statement in the last paragraph suggesting that 
vibration reduces the quantity of helical friction loss in the 
machine to a negligible quantity, leaving only the friction 
of the gears as they exist. 


Henry Hess: Mr. Lewis has done a really extraordinary 
amount of self-sacrificing work in this line, for which he has 
earned chietly criticism, largely interested criticism, but eriti- 
cism nevertheless. There is probably no other one man who 
has given so much time and effort with absolutely no incen- 
tive of a financial reward of any kind and with no interest 
except a purely engineering one. It would be a very good 
thing if it were possible for the Society to make available 
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surplus funds, which it has not at present, but which it may 
hope to have some day, for the prosecution of experiments 
with a machine such as this of Mr. Lewis’ design. I do not 
mean to say necessarily this particular machine, but any 
machine which will realize the object underlying its design. 
I move that the Society suggest to the Council, the initiation 
of steps to render possible the carrying out of experiments 
of this character. 


P. Fk. Warker: It may be of interest to some to know that 
in the engineering laboratory at the University of Kansas 
we have under way tests to determine the friction loss | 


vears. Our plans cover more than the gears, however, our 
first work having been on the universal joint as made for 
automobile transmission. On this latter portion of our work 
1 had thought to comment to-day, since it will be some 
mouths before our work on the gears will be brought to a 
point where any report may be made. 

The point of greatest difficulty in the measurement ot fric- 
tion losses is in the measurement of power. Where the power 
transmitted is in fairly large amount and the frietion loss 
small, and the power input and power output are measured 
in their full amounts, the small difference indicating fric 
tion loss is bound to absorb all errors. The error may be a 
small percentage of the power transmitted and still be se 
large in proportion to the loss being determined as to render 
results worthless. 

For this reason, in the universal joint work we adopted 
the * Load-back ” method of testing. This consists in oper- 
ating the joint between two electrical machines, the shafts 
being connected through the joint, one machine acting as 
motor and the other as generator while the first uses the cur 
rent generated in the second. The only power supplied from 
outside is that required to make up the losses of machines 
and joint combined. The machine losses must, it is mani 
fest. be determined separately, but a distinct advantage 
gained is the elimination of the large power readings. In 
any form of test the machine losses must be determined, thus 
introducing that detail in the work irrespective of other 
determinations. 

We have spent three vears on the universal joints and 
have gotten to the point where we are about ready to make 
the report. On the gears, only the preliminary runs have 
been made, but | have reason to believe that this work will 
progress much faster than the other. 


A. G. Curistie: It may be of interest to know that a num- 
ber of the large state institutions in the West have engineer- 
ing experiment stations in connection with the University. 
Illinois, Wisconsin and Lowa, all have experimental stations 
in connection with their state University. These experi 
mental stations are not tremendously wealthy, but they do 
have each vear certain sums of money set aside for investiga 
tion work, and I believe that a great deal could be gained 
both by the stations and by the Society, if the Society would 
cooperate with these engineering experiment stations in 
earrying on research work. While | was at the University 
of Wisconsin we would have welcomed such codperation 
very greatly. In fact we did carry out some work sug- 
gested by the ventilating engineers. I believe the univer- 
sities would weleome any suggestions coming from the 
Society. 


Tue Avutuor: It is true, as Mr. Neff has stated, that the 
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gear testing machine described in my paper has never been 
built. It is simply a design intended to meet the need of 
further light upon a number of questions pertaining to the 
use of gears. As suggested by Prof. Walker, there are other 
Ways of measuring the friction losses in gearing, and if good 
results can be obtained by electrical methods, it will be in- 
teresting to have such experiments for comparison. 

There are, however, other features of this testing machine 
which do not appear to be so easily superseded by a motor 
driven generator, and it is difficult to imagine how the load 
on the teeth ean be varied and reversed with the same facility 
and measured with the same precision. Nor does it appear 
tow the effects of irregularities in forming and spacing the 
teeth can be so carefully studied under different speeds and 
loads. Perhaps the same problems can be solved to advan- 
tage in other ways, and different methods of attack are cer- 
tainly to be desired, but the direct mechanical method ap- 
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peals to me as the most accurate and reliable. Friction can 

be practically eliminated by ball and roller bearings and if 

the little that remains is not further reduced to a negligible 

quantity by vibration, it is reassuring to know that the eon- 

clusions will not be seriously affected thereby. Vibration of 

a pattern on a molding machine certainly does eliminate most 

of the friction between that pattern and the sand, and it is 

well known that bolts and nuts work loose in machinery sub- 

ject to vibration, unless special precautions are taken to 

secure them. 
If the interest in the subject warrants the construction of 

a machine, as implied in the motion of Mr. Hess, by all 

means let us have the type of machine subjected to the full- 

est and freest discussion. I have simply presented a design 

which appears to me to be complete and satisfactory, and 

I shall be glad to weleome other ways and means upon 

their merits. 
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The pitot tube and venturi meter, while fully reli- 
able, with proper handling, for determining the flow 
in closed channels, are apt to give more or less doubt- 
ful results in less experienced hands. An apparatus 
less sensitive to errors and, in a majority of cases, quite 
easy to install, is the elbow or bend meter described in 
this paper. The principle on which the measurement 
of flow in this apparatus is based, is that when the 
velocity of a fluid, as a whole or in part, is changed, a 
change in pressure accompanies the change in velocity, 
and hence, when the areas carrying the fluid before 
and after the change are known, the original and final 
velocities of the fluid can be determined from the 
change in the pressure that has been noted. The appa- 
‘atus (Fig. 1) consists simply of an elbow or bend pro- 
vided with suitable pressure ports in the inner and 
outer curved walls, by means of which the centrifugal 
action set up in deflecting the course of the passing 
fluid is communicated to the registering apparatus. 

FORMULAE RELATING TO THE FLOW BEND 

If it be assumed that, when passing through the 
bend, the velocity in each stream line is proportional 
to the distance from the center of curvature, so that all 
particles of the fluid in the plane normal to the neu- 
tral axis move together, then the centrifugal action nor- 
mal to the axis will be as illustrated in Fig. 2. 

Ilere m is an elementary mass of the fluid, of a sec- 
tional area a normal to the diameter DD and of a 
length dx. In turning the bend, the centrifugal force 
C, acting on m will cause the pressure acting radially 
in front of it to be increased the amount dp, and the 
~ Abst ract of paper presented at the Spring Meeting, st St. Paul- 
Minneapolis, 1914, of The American Society of Mechanical Engi- 
neers. 


increase in pressure on the area a must at all instants 


balance the foree C. Hence, we have 


adp = C mow 
and since 
3 
-ada 
q 
we get 
dp u 
= radar 


With respect to the density 2 in the above equation, 
the following assumptions may be made: 
| That 2 remains unchanged during the flow, 
as in the case of water 
If That 2 changes at the rate an isothermal 
compression or expansion would call for 
Ill That it changes at the rate an adiabatic 
compression or expansion would call for 
Case 1. 2 


general equation 


is constant. Through integration of the 
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after certain substitutions, with V,, as the mean linear 
velocity, there will be obtained 


Finally call R — r = D the diameter, or width 
of the channel and ¢ = + - mean radius of the 
bend, then we get 


which may be written 
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Where H is the difference in the pressure at the outer 
and inner wall of the bend, in feet head of the fluid. 
The corresponding formula for the pitot tube is 
vigil 


Iienee, the velocity measured by the bend will be 


\ oD of the velocity measured by the pitot tube for 


In other words, the differ- 


ential pressure in the manometer tube will for the same 
velocity of the fluid be 7 


equal differential pressure. 


of the pressure indicated 


by the pitot tube. 


Fig. 1 
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Case Il. &@ changes as by isothermal compression. 


Hence 


Which substituted in the general equation gives 
P dp u- 
6 p q 


r 


and through integration and reduction 


V2D N 


changes as by adiabatic compression. 


> 


substituted in the general 
through integration and reduction, as previously 


~N2D \ 2, 


Ilence, the general formulae for the bend are practi- 
cally those of the pitot tube covering corresponding 


Case Ill, 2 


Accordingly, 


Which equation gives 


| 
cases, with only the factor \ added, so that, 
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strictly speaking, the use of the bend does not intro- 
duce any really new formule. 

In order to determine what results could be obtained 
by the use of the flow bend, investigations were made 
with a special apparatus designed for this purpose, 
steam being used as the fluid under test. In Fig. 3 are 
plotted the weight of steam per minute on a base-line 
which is the product of height of water-column, in 
inches, by the corrected density of the steam. 
and 
was attached in a 1'.-in. steam line, with one throt- 


The bend was of a sectional area of 1.24 sq. in., 
tling valve in front and one behind it, whereby the 
pressure and the velocity of the flowing steam could 
be regulated at will. At the time of planning for the 
apparatus it was hardly expected that the abrupt 
change in area, from a cylindrical tube 1.6 in. in diam- 
eter to a square tube 14g in. on a side would be pro- 
ductive of the very best results. However, it was rea- 
soned that as the centrifugal force is more or less in- 
dependent of whirls in the body of the fluid, any 
irregularities in the flow would not have as great an 


C+ centrifugal force 
m= mass 

= densify 

w angular velocity 


DiaGRAM OF MoTIoN oF A PARTICLE OF FLUID IN THE 
Brenp 


Fic. 2 


influence on the results as it would in the case of the 
pitot tube or in the venturi meter. It was also as- 
sumed that the great number of pressure ports length- 
wise of the bend would have a tendency to average up 
the possibly varying pressures throughout its length. 
Besides, it was in part the object of the investigation 
to determine if violent irregularities in the flow really 
would have any great influence on the readings; be- 
cause on that circumstance would depend, largely, the 
final usefulness of the apparatus, as compared with 
that of those in general use. 

From the pitot tube formula, the corresponding 
formula for the bend may be obtained, as explained 
by adjoining the factor \ ss: Thus, for the pres- 
ent case 

where W,, is the weight in lb. per minute, and hy, head 
in inches of water. The average area through the bend 


: 
= or - 

2D 3° > 

Hence, for the bend used we have 

= 7.62 « 1.24 & 0.8165 Vv hy, 2 = 7.716 v hy 2 


was 1.24 sq.in.; the factor 


0.8165. 
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This formula is represented by the full-drawn curve 
of Fig. 3. 

The approximate velocity formula, which applies 
quite closely for steam of the moderate velocities of the 
present tests, may be written from formula for the 
pitot tube, as 

hy 
V2 

The curve representing this formula (the parabola ) 
is shown in Fig. 4, and underneath are plotted, in feet 
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per second, the velocities obtained in the 34 tests. The 
average velocity curve to suit the plotted points would 
be approximately as shown in the broken line, and it 
will be seen that the majority of the plotted points 
come as closely to their proper places as could reason- 
ably be expected. It may be said that on the whole 
and under the circumstances, the results come surpris- 
ingly close to what the theory would have predicted ; 
and it is judged that with reasonable care to elimin- 
ate as much as possible all disturbing influences with 
respect to the flow through it, the bend will in accu- 
racy measure up well with the instruments in general 
use. 
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DISCUSSION 
S. M. Woopwarp. This is an interesting matter and thie 
instrument as explained seems to have given good practical 
results, but | doubt whether the correct theory of 
around the bend is as simple as the mathematics given in 
the paper would indicate. 


flow 


One of the fundamental assump 
tions made, is that in a fluid flowing around the bend, all 
the particles have the same angular velocity. It seems to me 
that it would be more rational to assume the same linear 
velocity. This would not affeet the practical use of the ap. 
paratus but it would somewhat affect the calibration. 

Flow around bends is a complicated matter. As motion 
around the bend begins and the pressure becomes less on 
the inner boundary of the curve, this change of pressure is 
accompanied by a corresponding change in velocity distri 
bution through the cross section. At first, the diminution 
of pressure produces an increase of velocity on the inner 
side of the bend, which is the opposite of the condition as- 
sumed in the paper. 

Tue Auruor. I readily agree with Protessor Woodward 
that the theory for tlow through bends is, in its entirety, 
quite complicated; but in so far as it pertains simply to the 
centrifugal foree coming into play it does not seem, neces 
sarily, involved at all. The matter to whieh Mr. Woodward 
refers, L should perhaps have stated more fully, in order to 
be more readily understood, 

The foree acting on a given section of the tluid, and caus 
ing it to deviate its course is, successively, changing im direc 
tion as the fluid proceeds through the bend, but it always 
passes through the center of curvature of the bend. — Its 
effect, therefore, upon the fluid, at any time throughout the 
sweep of the bend, will be a certain force through the center 
of curvature, the centrifugal foree, and a couple, which 
latter causes a whirl or eddy. But as far as the centrifugal 
foree is concerned the whirl is of no consequence whatever. 

With this in view, the assumption with regard to the 
stream lines of Fig. 5 would, of course, better be looked upon 
as referring to particles of the fluid of certain detined den- 
sity, rather than strictly to some mathematically defined ma- 
terial points. However, any way this may be looked upon, 
under the conditions of the problem the assumption seems 
justified, and that it really is so the results verify. 

With regard to the elementary section through the thaid, 
Fig. 2, which is the basis for the deduction of the formulas, 
there is no necessity for considering it as being composed ot 
the identically same material points for every section of the 
bend. That various particles may replace each other from 
section to section does not affect the reasoning, so long as 
they change position in a manner that will not affect the 
centrifugal foree. 

The substance of the proposition may, perhaps, be stated 
simply thus: There is a certain mass passing through the 
bend, the center of gravity of which is located, and of known 
velocity; there is then, in order to find the value of the cen- 
trifugal force, no need for knowing whether the mass re- 
volves, or how it acts, so long as its center of gravity follows 
a defined path. 

Mr. Woodward's statement that the velocity of the fluid 
increases on the inner boundary of the bend as the pressure 
decreases, I can explain only on the ground that he refers 


to the velocity in the whirl. I have by “ velocity” eonsid- 


ered only that which causes the fluid to progress through the 
bend. 
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RAILROAD TRACK SCALE 
BY W. WALLACE BOYD, BALTIMORE, MD. 


Junior Member of the Society 


The immense freight traftic of the railroads, with 
the necessity of interchanging cars in order that the 
merchandise which they contain may reach its desti- 
nation without transfer, demands an accurate method 
of determining the weight of the loaded car as it stands 
upon the rails. 

In order properly to weigh these loads, track scales 
of sufficient capacity and length must be supplied at 
the hecessary points along the route; and above all, 
these scales must be of such construction as to put their 
continued accuracy beyond a doubt. 

In these seales the 


following essential conditions 


must be observed : 
a The foundations must be massive enough to resist 
successfully distortion or displacement due to 
repeated applications of the load. 


THE ARROWS INDICATE THE DIRECTION OF THE LOAD 
Fiera Lever 

Lever 

Beam 


Main Lever D 
Lever E 
( Mippite Extension Lever F 


Fic. 1 


b Connections should be strong enough to resist the 
load imposed upon them even after considerable 
corrosion has occurred. 


c Unnecessary friction must be eliminated since it 
produces sluggishness of action, insensitiveness 
to the smaller loads and inaccuracy in indicat- 
ing the load. 


d There must be a proper distribution of the metal 
in the levers to avoid undue deflection which 
may cause either quickness or slowness of ac- 
tion; or may cause inaccuracy through change 
in the length of the lever arms. 


e All knife edges should be in the same plane and 

each a true edge, hard and sharp; if the edges 

are not in the same plane, the bearings have a 

tendency to slide, producing a pressure against 

Presented at the Spring Meeting, at St. Paul-Minneapolis, 
1914, of The American Society of Mechanical Engineers. 
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the lever on the low side of the knife edge, caus- 
ing friction and sluggishness of action. 

f There must be provision for draining the pit thor- 
oughly and keeping it dry, to prevent corrosion 
as much as possible, as well as for inspection. 
Knife edges are subject to corrosion and this 
drainage and inspection must be provided in 
order to insure the continued accuracy of the 
scale. 

In the design of a scale the maximum load per truck 
must be considered, otherwise the levers and conneec- 
tions will be too light and mischievous deflection with 
possible failure occur, At the present time the largest 


axle used in freight service has the 6-in. by 11-in. jour- 
nal with a capacity of 50,000 lb., or a maximum load 
of 100,000 Ib. upon one truck (four wheels). 

Assuming a scale of four sections, of 150 tons total 
capacity, the usual allowance would be for a load of 
37.5 tons at each section, plus a certain additional load 
due to the weight of the bridge and its dead load. On 
this basis, however, the levers and their connections 
would be too light, since with a load of 50 tons per 
truck moving across the platform, it is very evident 
that the stresses would mount higher than those for 
which allowance was made. 


By taking into considera- 
tion this maximum axle load, it is possible to have the 
main levers of all track scales made standard and with 
this standardization they become interchangeable and 
ready for immediate use. 

The bridge may be built in one piece, or made in 
sections having a flexible connection, according to the 


length of the platform. For seales of large capacity, 
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and considerable platform length, it is advisable to de- 
sign a bridge for the largest possible load that may 
come upon it, making it in sections, the joints of which 
come Over the main bearings. This obviates the objec- 
tionable pounding upon the knife edges, which occurs 
With a continuous beam, due to deflection, and there 
are other advantages, such as ease of handling, ete. 

To relieve the knife edges of some of the hammer- 
ing, which they are sure to get when the moving wheels 
roll from the solidly laid track to the live rails on the 
weigh bridge, it is customary to carry the bridge gir- 
ders somewhat beyond the end of the platform. The 
most satisfactory plan would be to prolong the girders 
for the end span so that the load would be applied at 
iheir middle points. This, however, would have the ob- 
jection that the pit and the bridge would be too long, 
entailing unnecessary expense. On examining several 
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At fifth lever... ore 25 
At shelf lever..... 200 
At butt of beam................ .... 1000 
The lever lengths in Fig. 2 are expressed in terms of 
the short arms, .r, of the levers, designated as ** ful- 
erum ”’ lengths. One-half the platform length, which 
is considered in connection with the levers shown, is 
25 ft. = 300 in. 
The length from the transverse center line of the 
scale to the load knife edge on the end extension lever 
is 24r + 5 in. and the weigh bridge girder extension 


11 
is one-fourth of the end span, or-; 2. Then 


3 
300 in. + 3°/,2 = 242 + 5in. 
x = 145g in. (approximately 


which gives for the extension of the weigh bridge gir- 
ders beyond the end of the platform 


5040" TOTAL LENGTH—— 
——XX_ 
— 
2424+5 
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designs, no standard proportions were observed, the 
length of the extension varying from less than a fourth 
the length of the end span down to nothing. 
PROPORTIONS OF LEVERS 

In Fig. 1 is shown a lever diagram and in Fig. 2 the 
platform arrangement and the proportions of the mid- 
dle and end extension levers for a track scale. In this 
design it is assumed that the extension of the weigh 
bridge girders is 14 of the length of the end spans. 

Allowing 5 in. on each side of the transverse center 
line for the connections of the middle extension levers 
to the fifth lever, the necessary lengths of the weigh 
bridge girders, and the lengths of the end and middle 
extension levers may be found as follows, assuming the 
leverage ratios to be: 


81/5 
8 


Shelf lever.. 


This makes the leverage ratios at the several connec- 
tion points as follows: : 


117 
53°, In., or 4 ft. 55, in. 


The lengths of the levers will be 
End extension, fulerum 145¢ in., total length 10 ft. 
17% in. 

Middle extension, fulerum 145, in., total length 20 

ft. 334 in. 

The best condition for the application of the load 
to the main levers will be when the load k: ife edge is 
directly under the center line of the rail. From cen- 
ter to center of rails is 4 ft. 11 in. Allowing 51% in. 
on each side of the center line of the lever, for the 
connections from the end of the main levers to the 
main, or load, knife edge on the extension levers, gives 
a lever 3 ft. long with a fulerum of 12 in., the main 
lever ratio being 3. 


BEARINGS AND KNIFE EDGES 
Both the knife edges and the bearings against which 
they rest should be of high-grade tool steel, annealed, 


hardened and ground. Bearing surfaces must be gen- 
erous and construction and materials of the best, other- 
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Wise, the rough treatment administered to seales, such 
as the pounding due to the moving load and the tend- 
ency for the knife edges to corrode will lead to rapid 
deterioration. A load of 5000 Ib. per linear inch of 
knife edge may safely be allowed, but this should not 
be exceeded. 

The knife edges are of square, or flat, steel forged 
to a taper of not more than 14 in. to one foot. If a 
smooth forging is made, very little, if any, finishing is 
required. After thoroughly annealing and hardening, 
the bearing edge is made true and keen by grinding 
and polishing, care being taken to have the faces of 
the bearing edge at an angle of not less than 90 deg. 
This edge must be straight in order to provide a full 
hearmg along its length. 

To insure a firm bearing in the levers, the knife edge 
seats are made in two ways. By skillful founding, the 
roughed forged knife edges are cast into the lever in 
their proper positions, and driven out for finishing, 
after the lever casting has cooled. This method is cheap, 
but it offers opportunity for misalignment. The pref- 
«erable method is to broach, or slot, the seats, thus as- 
suring accurate spacing and alignment, besides making 
the kimfe edges interchangeable. The knife edges 
should have sufficient metal backing to keep the unit 
hearing stresses low and prevent bending. 

The design of the bearings against which the knife 
cdges rest will differ according to the capacity of the 
scale. For the smaller capacities a direct and more or 
less non-adjustable bearing may be used; but where the 
capacity is large, a suspended, adjustable bearing is 
not only desirable, but necessary. 

The bearings should be more or less self-aligning, 
vertical adjustment being provided by wedges over the 
main bearing, which have serew adjustment. The 
wedges are held securely in position by bolts which are 
drawn dewn after adjustment has been made. 

The present practice for the bearings is to use an 
insert of steel, usually set in the mold before the cast- 
ing is poured, as in the case of the knife edges, although 
interchangeability and accuracy can be more readily 
attained by machining the recess for the seat. Harden- 
ing is readily accomplished by withdrawing the steel 
insert from the casting. A true surface is obtained by 
vrinding and polishing the steel while it is in the east- 
ing, care being taken not to draw the temper in the 
Operation, 

In the track seale, the dimensions of which are given 
in this paper, the approximate load upon the main 
knife edge of the main lever is 64,000 Ib., which re- 
quires a length of knife edge of approximately 14 in. 
in order to keep the load below the specified 5000 Ib. 
per linear inch. The butt knife edge will be 10 in. long, 
while the tip edge will be 5 in. long. The end exten- 
sion lever will have the following knife edge lengths: 
butt 9 in., main 10 in., tip 114in. The middle extension 
will be as follows: tip 114 in., main edge 5 in., bearing 
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edge 9 in., and the tip nearest the fifth lever 24 in. 
The fifth lever will be as follows: butt 5 in., main 514 
in., tip 1 in. The shelf lever knife edges need not be 
considered, because the theoretical lengths will not cor- 
respond to the finished article. 


LINKS, LOOPS, SHACKLES, ETC. 


All links, loops, shackles, and similar details should 
be designed stiff enough to prevent stretching, with 
consequent binding, which hinders ease of working. If 
the knife edge loops are not stiff enough, the load has 
a tendency to straighten the arch, which throws the 
load upon the knife edge at a point farthest from the 
support; the load being concentrated, produces exces- 


sive bending stresses, either bending the knife edge or 


snapping it (Figs. 3 and 4). Where knife edges are 
not reinforced, this bendmg must be considered, in 


Cc > 


Fig. 3 Fie. 4 
lic. 3) Knire EpGe Loop unpeER Norma ConpitTions 
hic. 4. EpGce Loop unpeER ABNORMAL CONDITIONS 


spite of the fact that the loop is made stiff enough to 
prevent stretching. A formula which seems to give sat- 
isfaction, is 

P=—0.4 Sd’. 
in which 

P = safe working load, in pounds. 

SN = stress, per square inch. 

d = diameter of iron, in inches. 
It is advisable to use a good quality of wrought iron in 
preference to steel. Steel has a tendeney to break with- 
out giving previous warning, while wrought iron will 
bend before breaking. 

LEVER SECTIONS 


The sections of the levers will next be investigated. 


Too often a lever which is sufficiently strong from the 
standpoint of strength will deflect under load a notice 
able amount, causing the ratio of the lever arms to 
change, giving inaccurate readings on the beam. 

The main levers are to be steel castings, while the 
extension and fifth levers are to be made of structural 
shapes. The shelf lever may be either a forging or a 
casting. The beam is usually a casting, although for- 
eign manufacturers do not hesitate to make it from a 
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forging. Since the levers are to be of steel, the allow- 
able stress under repeated application of the load will 
be assumed to be 5000 Ib. per square inch. 

The maximum moment for the main lever will be 
about 600,000 Ib.-in., requiring a section modulus of 
120 (in.)*. An I section 12 in. wide by 12 in. deep, 
having flanges and web 1 in. thick, will give a section 
modulus of about 135.3 (in.)*, which is sufficient for 
all practical purposes. All knife edges are to be rein- 
forced to prevent bending while under load. The 
depth of the lever will vary, tapering from the point 
of maximum bending moment toward the tip and butt, 
and the width of the flanges will decrease toward each 
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end. The thickness of the flanges and web will be uni- 
form throughout. 

The maximum bending moment for the end extension 
lever will be 648,500 lb.-in., which requires a section 
modulus of 128.7 (in.)*. A latticed section made up of 
cover plates 8 in. by 34 in. and 3-in. by 3-in. by 14-in. 
connection angles, gives a net section modulus of 
134.13 (in.)*, for a section 18 in. deep, due allowance 
having been made for **/,,-in. rivet holes. 

The maximum bending moment for the fifth lever 
tension lever will be 1,452,500 Ib.-in., which requires a 
section modulus of 290.5 (in.)*. A section 26 in. deep, 
composed of 8-in. by 34-in. cover plates and 3-in. by 
3-in. by %-in. angles, will give a section modulus of 
306.11 (in.)* net, deduction for '*/,,-in. rivet holes hav- 
ing been made. 


The maximum bending movement for the fifth lever 
will be 456,000 Ib.-in., which will require a seetion 
modulus of 91.2 (in.)*. A section 15 in. deep, com- 
posed of 8-in. by %4-in. cover plates and 3-in. by 3-in. 
by 14-in. angles, will give a section modulus of 106.64 
(in.)* net, deduction having been made for '' ,,-in. 
rivet holes. 

The maximum moment of the shelf lever will be 
28,800 Ib.-in., which will require a section modulus of 
».76 (in.)*. A section 1 in. wide by 6 in. deep, will 
give a section modulus, gross, of 6 (in.)*, or about 5.84 
(in.)*, when deduction for the knife edge hole has been 
made. This lever has a fulerum of 12 in. and a length 
of 5 ft., its ratio being 5. 

In all these computations, the dead load of the weigh 
bridge has been carried, a larger value than necessary 
having been chosen in order to be on the side of safety. 

Range on each lever must be provided in order to 
compensate for unequal distribution of the metal about 
the knife edge line and any deflection that may occur. 
This range is accomplished by raising the main knife 
edge above a line through the tip and butt knife edges 
by an amount equal to 1, in. per foot of fulerum (see 
Fig. 7). 

The main lever main knife edge will be allowed a 
range of 1, in., as will also the extension levers, while 
the fifth lever will have a range of */,, in.; the shelf 
lever will be given a range of 14 in., while the range on 
the beam is almost negligible, less than '),, in., vet it 
must be considered. 

A resumé of levers will be useful (see Figs. 5 and 6 


LEVER M max. Sec. Mop. SECTION 
600,000 135.3 Cast steel I 
End extension.... 643,500 134.13 2-8 in. by %4 in. pi, 4-3 in. by 3 in. by 


in. Ls—I8 in. deep 
Middle extension. 452,500 306.11 4-8 in. by % in. pl, 4-3 in. by 3 in. by 


'g in. Ls—26 in. deep 


Pi xstdato4 swe 456,000 106.4 2-8 in. by % in. pl, 4-3 in. by 3 in. by 
19 in. Ls—15 in. deep 
Pe 5.84 6 in. by 1 in. steel or W. I. 
Beam..... ‘ 3,000 1.00 3 in. by *4 in. steel or W. I 
GIRDERS 


The middle span of the weigh bridge will be sub- 
jected to a live load of 100,000 lb. passing over it ; the 
end spans, particularly the one at entranee, will be 
subjected to impact, due to the moving load dropping 
from the dead rails to the live rails on the weig' bridge, 
or the wheel striking the end of the rail, due to a differ- 
ence in level, or a gap, between rail ends. While a 
condition of unequal levels is not desirable, vet, wear, 
settlement, along with frequent repairs, cause inequali- 
ties in alignment. 

As noted before, there will be an objectionable 
pounding upon the knife edges if a continuous girder 
is used, due to the deflection of the weigh bridge upon 
application of the load, so the bridge will be subdivided 
into three parts, the joints coming over the main bear- 
ing stands of the main levers; each girder will be made 
stiff enough to resist deflection due to the applied load. 

The greatest bending comes upon the middle span; 
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for uniformity and quickness in assembling, the girder 
sections for end spans will be the same as for the mid- 
dle span. 

The girders should be designed for stiffness, so a 
permissible deflection of */,, in. The 
deflection formula for a beam supported at the ends 


will be assumed. 


and loaded at the middle is 

PL PL 


Using a modulus of elasticity of 25,000,000 Ib. per 
sq. in. and limiting the deflection to */,,. in., 
90,000 d< (283 
25,000,000 
10,050 


we have 
0.02085 


It will be interesting to compare this result) with 
what would have been obtained if the fundamental for- 
mula for bending had been used, with the stress due to 
suddenly applied loads. 

From tests on the fatigue of steel under repeated 
loading, by Wohler and Spangenburg, and the later 
tests by Bauschinger and at the Watertown Arsenal, 
the following formula may be used in finding the 
proper safety factor to be used for variable loading of 
an indefinite number of repetitions : 


’ » 2 ’ 
(2 


in Whieh 
fF, — safety factor under static loading. 
F’, = corresponding safety factor under a loading 


that varies, repeatedly, between the limits 
P’, and P,. 
‘Zt greatest pressure due to the variable load, to 
be taken as plus (-+) if causing tension 
and minus (—) if causing compression, in 
the most strained fiber of the member. 

P, = least pressure due to the variable load, to be 
taken as plus (+) if causing tension and 
minus (—) if causing compression, in the 
most strained fiber of the member. 

This formula is applicable to the case of steadily ap- 
plied loads as well as to the cases in which the load 
varies from O to /’,, and P, to P. 

Since, for any given material, the working fiber 
stresses for the different conditions of variable loading 
are inversely proportional to the corresponding safety 
factors, it is apparent that the formula may be put in 
the following form: 


P, 
1 
in which f, = working fiber stress, under static loading, 
in pounds per square inch. 
f, = corresponding working fiber stress under a 
load that varies repeatedly between the 
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limits /?, and P,, in pounds per square 
inch. 
P, and P, have the same signification as noted be- 
fore. 
For the case where the load varies from O to P,, the 
formula becomes 
(2—5-)F. (2-0) F, —2F, 
1 


or 


* 

which indicates, for a suddenly applied load, indefi 
Tue Ranmoao Track Scae. 


Extension Lever Secrion. 


COVER PLATES 
WEB PLATES NONE. 
ANQLES 


Moment of 


I an® 

COVER PLATE.S 2.25 3675.36 
ANGL ELS 8.68 1228.97 
4904.35 
4.13 
| 491546 
RIVET HOLES 93e@.00 

NET MOMENT OF HERTIA 39 79.4605 


Section Moouvs 306.1155" 


Lever Section. 
none. 


Moment of 

I 
L125 
8.68 

10.005 


COVER PLATES 
WEB PLATES 
ANGLES 


COVER PLATES 
ANG 


RIVET HOES 
NET MOMENT OF TIA 


Secrion Moouws 


Section Mopvuni ror Levers 


Fic. 6 


nitely repeated, that the safety factor should be twice 
that for static loads, under otherwise similar cond'- 
tions. 

The maximum bending moment for the end spans 
will be 


90,000 214.5 


2,681,250 Ib.-in. 
The maximum bending moment for the middle span 
will be 

50,000 283 cen . 

= 3,537,500 Ib.-in 

The customary stress for bridges, subjected to live 
loads, is about 12,000 lb. per sq. in. The formula de- 
veloped indicates that half this stress should be al- 
lowed ; so, using a stress of 6000 Ib. per sq. in., we have 
a section modulus of 
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S 6000 
against a section modulus of 630 (in)* (considering ¢ 
section 32 in. deep) derived by the flexure formula. 
Only too often, girders are designed without due re- 
gard to stiffness, or the effect of loads suddenly ap- 
plied, with very apparent deflection when loaded. 

Using a section 32 in. deep, composed of two 20-in. 
by 5g-in. cover plates, two 30-in. by 5¢-in. web plates 
and four 4-in. by 4-in. by 5g-in. angles, and deducting 
for **/,,-in. rivet holes, we have a net moment of in- 
ertia of 11,721.56 (in.)*, which gives a seetion modulus 
of 732.6 (in.)*, well within what is required. 

To prevent buckling of the web, reinforcing angles 
are spaced at intervals along the girder. Over the sup- 
ports, sufficient angles must be used to carry the load, 
considering the angles as a column. Gordon’s formula 
for columns with square bearings is: 

p— 50,000 


= 


RANGE: {PER FOOT LENGTH OF FULCRUM, 
Fig. 7 Rance in Levers 
in which 
P = load to be supported, in pounds. 
a = sectional area of column, in square inches. 
f = safety factor. 
L = unsupported length of column, in feet. 
r = least radius of gyration, in inches. 


The load to be supported is 50,000 Ib. plus about 
20,000 lb. for the weigh bridge. Using two angles in 
each column, each angle can be assumed to carry a half 
of the imposed load, or 35,000 Ib. The formula then 
reduces to 

50,000 ] 
| 


35,000 = 1 991), 
8 
r ) 
50,000 | 
280,000 = a | r* + 0.024 
r- 


28r? + 0.677 = dar? 


= 

I = 5.6r* + 0.135 

Using a 4-in. by 4-in. by 5¢-in. angle with a moment 

of inertia of 6.66 (in.)* the resulting radius of gyration 
is 1.067 (in.), while that from the table is 1.20 (in.). 
The area deducted for rivet holes will be more than 
made up by the 4-in. by 5¢-in. fillers which are neces- 
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sary. Judicious spacing of 4-in. by 4-in. by %,-in. 
angles will go a long way toward stiffening the web and 
preventing it from buckling. 

To prevent the girders from becoming displaced, and 
to hold them in proper alignment, each end of the 
middle section should be extended in such a way that 
the extension will telescope into the end of the end 
girders; and a tie plate should be riveted to the bottom 
plates of the girders, at the joint, in order to make a 
rigid connection horizontally and yet allow each girder 
to deflect, independently, vertically. 
dom of movement for deflection is obtained, and the 
objectionable bending over the supports, which occurs 
in continuous beams, is elimimated. With each 
deflecting with freedom, there will be no lifting from, 
or dropping upon, the knife edges, as the load passes 
from one span to the other. 


In this way. free- 


Span 


THE BEAM 


The beam is to be of the full capacity type. the main 
bar being graduated in thousands of pounds, and the 
fractional bar in hundreds of pounds, to a thousand, by 
Assuming an index of graduation of 5 to the 
inch for the main bar, a run of 5 ft. will inelude a 
capacity of 300,000 Ib., while an index of 10 to the 
inch for the fractional bar will give a run of 10 in. 

With a fulerum distance of 5 in. on the beam, the 


tens. 


main poise will weigh 


~RM~ 60 1000 

and the fractional poise will weigh 
"= 1, Ib. or 8 oz. 


1000 
where 

W = weight of poise in pounds or kilograms 

C = eapacity of scale in pounds or kilograms 

F = fulerum distance of beam, inches or centi- 

meters 
R = run of poise, inches or centimeters 
M = ratio at butt of beam 
If the beam is cocked, that is, flies all the way up or 
all the way down, and indicates a true balaice only 
when the load indicated on the beam is exactly that on 
the platform there may be two faults: either too mach 
weight above the knife edge line, or too much range. 
Obviously, if there is too much metal above tae knife 

edge line, the remedy lies in placing sufficient below to 
counteract its influence. In 
troubles readily and avoid the useless addition of metal, 
it is usual to arrange the balance ball so that it can be 
placed in a position to correct this fault. The diffi- 
culty, due to too much range, is eliminated by redue- 
ing the range until it has disappeared. 
action is very often caused by dull knife edges, unnec- 
essary friction, too much metal below the knife edge 
line, or no range; eliminate the cause and the effect 
produced will disappear. 


order to correet such 
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Since the beam has a fulerum distance of 5 in., the 
total pull on the butt of the beam will amount to 600 
lb., which gives a maximum moment of 3000 Ib.-in., re- 
quiring a section modulus of 0.6 (in.)*, which is satis- 
fied by a section °4 in. wide by 3 in. deep, deduction 
having been made for the knife edge hole. The trig 
loop is placed at the tip of the beam and the precaution 
to have the trigger down whenever a load is entering 
upon the live rails will save the beam many hard jolts 
and prolong its accuracy. 

More details of the beam will be useful. For rapid- 
ity of weighing the fractional poise will be mounted 
upon the main poise so that the latter will include the 
weight of the fractional poise, its beam, and any other 
details that may be necessary. 

The main beam will be notched for each thousand 
pounds, and each noteh accurately sealed, indexed and 
marked. The index and marking should be cut quite 
deep, because the service which most scales undergo is 
not of the best and seldom is much attention given to 
polishing and cleaning the beam or otherwise keeping 
it in order. The fractional beam will not be notched, 
due to inconvenience where quick weighing is desired. 

The knife edges should be of square steel, the bear- 
ing edge being ground and polished to a true edge, 
which must be hard and sharp, clean at all times, to 
assure accurate and sensitive weighing. 

Projections upon the beam, or poises, are not desir- 
able. Dirt rapidly accumulates and destroys the ac- 
curacy of the seale. Likewise, openings of any kind 
offer opportunity for dirt to accumulate or weight to 
be surreptitiously extracted from the poise. In other 
words, anything that can be conscientiously done to 
promote accuracy in weighing must be done; it is pref- 
erable to leave no detail incomplete. 

The beam stand must be built solid enough to with- 
stand the shock of the suddenly-applied load. From 
the point of safety it is desirable to keep the beam as 
far as possible from the track, but too great a distance 
means a long lever, which is objectionable, due to the 
increased depth necessary to get the requisite strength 
and the consequent increase in weight. Cars average 
close to 10 ft. in width at the eaves; whether this width 
may be exceeded or not is due to clearance limitations 
on certain roads; at any rate, future expansion must 
be provided for. Allowing five feet between the side 
of the car and the building and about four feet from 


the outside of the wall to the reach rod from the tip. 


of the fifth lever to the shelf lever, we have a fifth lever 
of 14 ft. 3 in. long, a ratio of 8 giving a fulerum dis- 
tance of 19 in. and a long arm of 12 ft. 8 in., this lever 
being of the first class. 
PLATFORM, BRIDGE AND RAILS 

A platform of such great size and weight as required 
for this scale should have ample clearance and be en- 
tirely free of any movement of the weigh bridge to pre- 
vent binding at any point due to the accumulation of 
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dust and dirt. To provide proper clearance the pit 
will be made 10 ft. wide. 
I-beams spaced at proper intervals will be used. 


To support the platform 
The 
greatest load that can come upon one I-beam will be 
the load upon one axle and the maximum moment will 
be when the wheels just straddle the center line of the 
scale ; this moment will be about 825,000 Ib.-in., a 15-in.- 
42-lb. I-beam being sufficient. 

To make the platform durable conerete should be 
used. With this construction repairs are infrequent 
and not very costly; a tight cover for the pit is as- 
sured. 

The bridge, through its bearings, rests freely upon 
the main lever knife edges, there being no rigid con- 
To prevent the bridge from 
sliding, a system of lateral and longitudinal checks is 


nection between them. 


provided. These checks should be made as long as pos- 


sible in order to prevent binding when the bridge de- 
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flects, while under load; the theory is, the longer the 
check, the more nearly the short path described ap- 
proaches a straight line. 

The load applied to the checks is caused in several 
ways, any one of which may occur. The end of the live 
rail may be some inches from the solidly laid dead rail. 
so that a blow is administered to the end of the live 
rail as the wheels enter upon it. Another condition is 
due to adhesion, or friction, between the wheels and 
rails when the brakes are applied. Still another eondi- 
tion, similar to the first, is a difference in the level o! 
the live and dead rails, the worst blow coming when the 
live rail is above the dead rail. Probably the worst 
situation is when the first two, or last two, occur at the 
This will come about when three pairs of 
wheels are on the live rails, the fourth pair just enter- 
ing, all brakes set and the last pair striking the ends of 
the live rails. The conditions brought about by rail 
inequalities are indicated in Fig. &. 


same time. 


The pressure, due to the friction between the wheels 
and rails, when the ear is suddenly stopped, depends 
upon the speed of the ear. Assuming a speed of 5 miles 
per hour, the thrust will be 
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rhe coefficient of adhesion tor dry sanded rails is 0.25, 
so 


90,000 5X 5280 
32. 60 X 60 
This value is for one pair of wheels; for three pairs, 
the result will be 8595 Ib., which is the thrust deliv- 
ered to two longitudinal checks, or a thrust of 4297 Ib. 
to each one. 
Assuming a gap of 4 in. between rail ends, and a 
36-in. wheel, the foree of the blow will be 
p X 50,000 
17.88 
delivered to the two longitudinal checks, or a thrust of 
2790 Ib. to each check. If there is a difference in level 
of 1 in., the blow would be very much aggravated, as is 
indieated below. 


p — 20.000 5.92 


r= 2865 Ib. 


= 5580 Ib. 


= 17,400 Ib. 

17 in. 

delivered to both longitudinal checks, or S700 Ib. to 
each check. 

The total highest thrust will be due to the sudden 
stopping of the car on the live rails and the wheel 
striking the end of the rail when the live rail is higher 
than the dead rail, which amounts to 13,000 Ib. Using 
a stress of 7500 Ib. per sq. in., a round bar 1!.-in. diam- 
eter will be sufficient. In order to provide adjustment, 
the cheek will be provided with a turnbuckle: accord- 
ingly, the end of the bar will be upset for a 1°4-in. 
thread. 

The lateral checks serve to prevent side motion, so 
for the sake of uniformity, they will be made of the 
same stock as the longitudinal checks. In order to 
prevent binding, the checks should fit the check pins 
with freedom, and sufficient slack provided to allow, 
say, '/,,-In. movement—just enough to allow the checks 
to be free when there is no load upon the seale. 

The rails are carried upon stands which are fastened 
to the bridge girders. These stands must be rigidly 
fastened to the girder and able to withstand much 
abuse, due to derailments. To hold the rail firmly, 
suitable clamps must be used, which have not the bad 
habit of working loose in service. 

A dead rail has not been considered, it being pref- 
erable to provide a relief mechanism, or pass cars and 
locomotive around the scale on another track. Dead 
rails offer too much temptation to an engineer to use 
the live rails for shifting, etc., as is very often done. 

The high axle loads of the locomotives now in use 
are often bevond the capacity of the scale and such ex- 
cessive loads must not be allowed to pass over the weigh 
bridge. 

While the seale is designed to withstand considerable 
misuse and much neglect, yet this provision does not 
mean that the abuse may be continued with entire 


safety. The metal will fatigue, eventually, and pos- 
sible costly repairs result. When the design of a track 
scale is considered, it must be borne in mind that stiff- 
ness in construction, coupled with lightness of moving 
parts and absence of friction, is to be desired. 

Upon the sealer depends the accuracy and depend- 
ability of the weights indicated. Inspection should be 
frequent and thorough in order to detect and repair any 
damage that may have occurred through age or abuse. 
It is always preferable to have sufficient foresight to 
prepare for an emergency and, if possible, prevent a 
breakdown which may cause serious trouble. 

Too much stress cannot be laid upon the honest and 
conscientious performance of the responsibility laid 
upon the weigh master. The public no longer tolerates 
tampering with weights; they have demanded honesty 
and show their earnestness of purpose by the many 
legal enactments and the frequent prosecution of of- 
fenders. 


NECROLOGY 
MAX JULIUS ULRICH 


Max Julius Ulrich, designer in the oil engine department 
of the De La Vergne Machine Company, died July 27, 1914, 
after a three days’ illness. 

Mr. Ulrich was born at Halle, Germany, February $8, 1856. 
Ile was educated at the Royal Technical Institute at Halle 
and graduated from the Polytechnie Institute at Karlsrulie. 
He served an apprenticeship to Emil Stahrer at Leipzig 
trom 1870 to 1873, and trom 1873 to 1874 was spent in the 
drawing room of W. Uhland at Leipzig. He later spent a 
vear in shop experience with Sachsenberg Brothers, Rosslau, 
in building mining machinery, and from 1879 to 1881 was 
designer for Messrs. Haddick & Roethe, pump-builders at 
Weissentels, Germany. 

After this, he came to the United States, and in 1882 be 
came superintendent and mechanical engineer of the Ulrich 
Engine Company of Florence, Massachusetts, where he re- 
mained until 1894. 
motion for duplex steam pumps which was patented in the 
From 1892 to 184, 
he served also as designer for the Deane Steam Pump Com 
pany, at Holvoke, Massachusetts. In 1894, he became chief 
draftsman of the Deane Company and held this position, 
Dur 
ing the period from 1900 to 1902, he also wrote two courses 


During this time he invented a cut-off 


United States, England and Germany. 


with the exception of three years’ absence, until 1901. 


for the International Correspondence Schools in hydraulics 
and pumping machinery design. 

In 1902 he came to New York as chief draftsman for the 
Alberger Condenser Company, which position he retained 
until 1912. 
of the condensers installed in the 59th Street power station 


His first undertaking here was the designing 


of the New York Subway, by the Alberger Company. 

On December 15, 1912, he became designer in the oil 
engine department of the De La Vergne Machine Company. 
and held this position at the time of his death. 

Mr. Ulrich was a member of the 


Verein deutscher In- 


genieure and was a prominent Mason. 
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SYMPOSIUM ON POWDERED 


F L the Spring Meeting, June, 1911, one Session was devoted to a Symposium on Pulverized 
Fuel at which three papers were presented upon different types of plants using pulverized 

fucl apparatus as follows: Pulverized Coal Burning in the Cement Industry, R. C. Carpenter, Pulver- 
ized Coal for Steam Making, F. R. Low, and An Installation for Powdered Coa! Fuel in Industrial 


Furnaces, Wm. Dalton and W. 8S. Quigley. 


There was also a topical discussion upon the construc- 


tive and operative features of pulverized fuel plants. 


PULVERIZED COAL BURNING IN THE 
CEMENT INDUSTRY 
BY R. C. CARPENTER, ITHACA, N. Y. 
Member of the Society 


The process of burning powdered coal has been de- 
veloped in but few arts and only in relation to certain 
types of furnaces. For more than 30 years various 
schemes for burning powdered coal in boiler furnaces 
have been suggested and numerous patents have been 
taken out on various processes and burners, but with- 
In the Portland 
cement industry commercial success was attained more 


out any marked degree of success. 


than 15 years ago as a result of a series of investiga- 
tions and experiments. The furnace employed had 
much to do with the practical suecess which was finally 
attained, and for that reason its construction and mode 
of operation will be briefly described. This furnace is 
familiar to Portland cement engineers, but is not well 
known in the other arts. 

Portland cement is manufactured from a mixture of 
materials containing lime and silica which are brought 
together in definite proportions to produce a chem- 
ical combination. The raw material is principally ear- 
bonate of lime, or limestone in some form, and clay or 
shale. The materials are pulverized raw and mixed in 
proper proportions. The raw mix is introduced into 
a kiln either in the form of a dry powder or in a wet 
and plastic condition where it is subjected to an ex- 
tremely high temperature and in which the required 
chemical combinations take place. The material dis- 
charged from the kiln is known as cement clinker; it 
is pulverized in various forms of grinding mills and re- 
duced to a powder so fine that 92 parts or more will 
pass through a sieve having 100 meshes to the linear 
inch. This paper has to do only with the combustion 
process which takes place in the kiln. In the early 
days of the art fixed kilns were employed, but at the 
present time the rotary kiln is almost universally used. 


THE ROTARY KILN 


The rotary kiln in its essential features was patented 
by Siemens in 1869 and, in combination with a gas 
burner and other appliances, by Ransome in 1885. It 
was not found successful in England for cement burn- 


Presented at the Spring Meeting, at St. Paul-Minneapolis, 1914, 
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ing, but was adopted by the Atlas Company in Amer- 
ica about 1890 and was improved and developed by 
that company and other American companies to such a 
degree that it practically replaced every other method 
of burning Portland cement. 

The modern rotary cement kiln consists of a slightly 
inclined steel cylinder mounted on rollers and ar- 
ranged so that it can be revolved. The upper end is 
connected to a stack or chimney for the escape of the 
discharge gases and is provided with means for sup- 
plying the raw cement material in the form of dust 
or slurry. At the lower end of the cylinder is a sta- 
tionary hood which performs the function of affording 
® discharge opening for the burned material and which 
also acts as a support for the fuel supplying devices. 
The rotary cylinders are of various dimensions. The 
tendency has been continually to increase the size of 
the eylinder. Thus, for instance, in 1890 the rotary 
kilns were in some instances 4 ft. in external diameter 
and 40 ft. in length. From 1895 to 1902 the kiln di- 
mensions were quite generally 6 ft. in diameter and 60 
ft. long. At the present time kilns 10 ft. in diameter 
and 150 to 200 ft. long are common. The Atlas plant 
at Hudson is equipped with kilns 12 ft. in diameter and 
232 ft. long. In most of the late installations the kilns 
are true cylinders having the same diameter at top and 
bottom, but in many plants kilns are to be found with 
the diameter at the top about one foot less than at the 
bottom, the two parts being connected by a tapered 
section. 

The rotary kiln is lined throughout with a fire-brick 
lining, except in rare cases where a very wet slurry is 
employed, in which case the lining for a short distance 
from the upper end is omitted. The temperatures re 
quired in the combustion chamber for burning cement 
clinker are from 2800 to 3000 deg. fahr. To withstand 
the high temperature, a lining having high refractory 
qualities must be employed. It must also have the 
quality of withstanding decomposition by the chem- 
ical action taking place in the kiln. The problem of 
kiln linings is a very serious one since no lining has 
been found that will stand for a great length of time 
under the conditions of operation. The lower part 
especially has to be repaired frequently unless the con- 
ditions are unusually favorable. The kiln is operated 
so as to keep the lining coated with the cement mix- 
ture for the purpose of protection. The lining prob- 
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lem, except as it bears on the combustion of powdered 
fuel, has no place in this paper and will not be dis- 
cussed further. 

A diagram of a cement kiln in elevation and plan 
is shown in Fig. 1. This diagram shows the general 
features and the arrangement of the various operating 
parts with reference to each other. In the diagram the 
rotary kiln is shown at C, the flue for discharge gases 
at B, the supporting rolls at DD, the stationary hood 
at the lower end at EF, the rotary clinker cooler at G, 
the clinker pit at F, the blower for supplying com- 
pressed air at H, the coal bin at K, the feeding injector 


employed successfully, but due to the increasing cost 
after 1895 its use was very expensive. From 15897 to 
1900, the increase in price was such as to make the use 
of oil nearly prohibitive from a commercial standpoint, 
and was the principal incentive for developing the use 
of pulverized coal. 

In 1894, a series of experiments relating to the use 
of pulverized coal were started by the Atlas Company, 
in charge of Messrs. Hurry & Seaman, chief engineer 
and superintendent respectively. These experiments 
led to many discoveries, the invention of various parts, 
and finally to the commercial development of the art. 
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for coal dust at J, the conveyor for delivering coal to 
the fuel tank at Z, the dust bin for raw material at A, 
and the kiln stack at S. The hood £ is usually mounted 
on rolls so as to be easily moved for repairing of the 
kiln. It is customary to supply a separate stack for 
each kiln, although in some cases one stack receives the 
discharge from two kilns. In a large installation it is 
customary also to supply the air for several burners 
with one blower. In the installation shown in Fig. 1 
the blower draws in air which has been warmed by 
passing through a rotary clinker cooler. 


DEVELOPMENT OF THE BURNING PROCESS 


During the early years of the Portland cement in- 
dustry in this country, oil was employed as a fuel. 
This was sprayed into the lower end of the furnace 
with a jet of compressed air or steam. The oil was 


Hurry & Seaman are entitled to the credit of the first 
successful use of powdered coal in the cement industry. 
This use was begun in 1895 by the Atlas Company and 
has never been discontinued. Other engineers along in- 
dependent lines worked out the problem a few years 
later although possibly receiving some assistance from 
information disseminated throughout the industry re- 
lating to the results obtained by Hurry & Seaman. 
It may be stated that at the particular date referred to, 
every mill in the industry jealously guarded every de- 
tail of manufacture as a valuable trade secret, conse- 
quently little or no direct information as to details of 
process or machinery employed was common in the dif- 
ferent mills. The information which leaked out at that 
time respecting details of operation or machinery was 
generally inaccurate and based on speculation or 
rumors. The success of the process of burning pulver- 
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ized coal in the Atlas plant was not generally known in 
other mills until about 1900 when the process was put 
in successful operation in various plants by independ- 
ent investigators. 

The art as at present developed consists of a process 
for delivering to the kiln the powdered fuel or fuel 
dust by a jet of air which impinges on the fuel dust in 
some type of injector with force enough to discharge 
the dust into the kiln. The process, with details of 
mechanism, is illustrated in Fig. 1 in relation to a kiln. 
Fig. 2 gives an idea of the character of the combus- 
tion which takes place in the burning of pulverized 


jo 


indicated by Fig. 2. The length of the flame in actual 
kiln constructions is generally from 25 to 40 ft., al- 
though this is affected by conditions. The diameter of 
the flame in some places may very nearly equal that of 
the combustion chamber. Under best conditions of 
burning the flame does not perceptibly impinge against 
the sides of walls of the kiln, and the heat utilized is 
practically all given off by radiation. 


THE POWDERED FUEL PROBLEM 


The problem is one of combustion under peculiar 
conditions. The burning of pulverized coal differs from 


| 


fuel.! The compressed air may be obtained from a fan 
or compressor as may be more convenient; the diagrams 
indicate both schemes. 

The injector varies greatly in different constructions 
but it performs the function of injecting the coal dust 
into the kiln by a jet of air and it does not handle suf- 
ficient air for combustion. The additional air needed 
for combustion enters the kiln principally through 
openings in the hood and through the discharge duct 
for clinker. Such openings are shown in Fig. 2 by 
arrows at points marked a. The amount of air sup- 
plied by the compressors or fans should be sufficient 
merely to carry the dust into the kiln without produe- 
ing an explosive mixture. The fuel dust enters the 
combustion chamber of the kiln in the form of a black 
cloud and burns in the form of an elongated torch, as 


‘Supplied by Duncan & Duncan. 


wi 


the burning of solid fuel, from a theoretical standpoint, 
principally in one particular. In the combustion of 
coal of commercial sizes lying on the grate, the air for 
combustion passes between the pieces of coal and the 
products of combustion pass off in the flues. Coal dust 
does not burn under such conditions, as the particles 
are so fine that sufficient air for combustion does not 
reach the coal through the crevices between the par- 
ticles. To burn powdered coal successfully, it must be 
burned while in suspension in the air. In such a posi- 
tion each particle is surrounded by air which supports 
the combustion. The form of the furnace used in the 
Portland cement art is favorable for combustion in sus- 
pension since it is very long and affords plenty of room 
for such combustion. 

Contact of the particles of coal dust with other bodies 
results generally in the lowering of temperature to such 
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an extent as to make combustion impossible. The re- 
sult is the virtual loss of any fuel which falls down 
onto the lining or onto the clinker. The time of com- 
bustion is evidently increased as the size of the dust 
particle is increased, from which it follows that the 
finer the grinding, everything else being equal, the 
quicker and more perfect the combustion. 

In the early days of the development of the process 
of coal burning, ignorance of the necessity of fine grind- 
ing was the cause of many failures in burning coal 
dust. In the cement industry special devices for regu- 
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quires the burning of the coal while in suspension and 
the utilization of the radiant heat of combustion with- 
out substantial impingement of the flame. The failure 
to recognize such requirements is, in my opinion, in a 
large measure responsible for the practical failure of 
the burning of pulverized fuel in boiler furnaces, al- 
though such furnaces, because of form and proportion, 
make difficult the problem of burning coal dust in sus- 
pension. In practically all of the devices which have 
been tried under boilers the coal dust has impigned on 
bridge wall or sides of the furnace or on portions of the 
boiler before the combustion could be completed, re- 
sulting in waste, lack of capacity, and destruction of 
fire-box and fire-brick linings and other portions on 
which the flame impinged. 
FUEL 

The fuel available for burning in Portland cement 
kilns ean have a wide range of quality. The best bi- 
tuminous coals are preferable, but those of quite poor 
quality are in successful use. I have known of the 
successful use of anthracite coal but it is difficult to 
pulverize and needs a high temperature for combus- 
tion. 

The fuel used in the Eastern portions of the country 
is generally obtained in the bituminous mines of Penn- 


lating the supply of air for 
injecting the fuel are sup- 
plied, but no special control- 
ling apparatus is supplied 
for the air which enters the 
kiln through the various 
openings around the hood. It 
would be difficult indeed to 
control the admission of such 
air. By increasing the fuel 
charge, it is possible to bring 
the air supply down to near- 
dy theoretical, or to any rela- 
tive proportion desired. I 
have found from tests in the 
cement art that best results 


are obtained when there is a 


slight deficiency rather than Fic. 3. GENERAL View or Rotary Dryer WITH STATIONARY 


an excess of air. This is de- 
noted by a short carbon monoxide flame at the base of 
the stack and also by analysis of the escaping gases. 
Novelty of the process. Patents taken out many 
years ago for the burning of powdered coal under 
boilers and in various arts show various kinds of pul- 
verizers and feeding devices, and also the idea of de- 
livering powdered coal into the furnace by a jet of air 
or steam. Crampton suggested a pulverized coal flame 
for use in his type of rotary Portland cement furnace. 
No one, however, previous to Hurry & Seaman, seems 
to have comprehended the necessary underlying prin- 
ciple for successfully burning pulverized coal which re- 


sylvania, Maryland, Virginia or West Virginia. The 
coal employed in mills in the Western part of the coun- 
try is frequently that most convenient to the plant and 
the cheapest in price on the heat unit basis. 

Before the coal can be ground it is necessary that it 
be dried so that the moisture content will be less than 
1 per cent, as the water in coal seriously affects the 
operation of pulverizing. It also has a detrimental 
effect on feeding and on the capacity of the kiln. The 
effect of the moisture, however, depends upon the kind 
of coal, so that no limit can be definitely stated as essen- 
tial to success in advance of a trial. 
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Capacity and Efficiency. The weight of pulverized 
coal required per barrel varies somewhat with the char- 
acter of the kiln and the character of the process. In 
the dry process of manufacture the weight of fuel per 
barrel varies from about 22 to 26 per cent of the weight 
of cement produced, i.e., from 83 to 100 Ib. of coal per 
bbl. 
to 90 per cent of the finished produet, i.e., from 133 te 
190 Ib. of coal per bbl. 
required, neglecting the heat due to the formation of 
silicates of lime and alumina, is probably not far from 
30 Ib. per bbl, provided 10,000 B.t.u. per Ib. of coal 
is utilized. 


In the wet process the coal varies from about 35 


The theoretical amount of coal 


The continuous stationary kilns are re- 
ported as consuming 12 to 16 per cent of fuel or from 
45 to 60 Ib. per bbl. of cement. 


The eapacity, in barrels per 24 hours, of the modern 
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Richard K. Meade, in his book on Portland cement, 
makes the following theoretical calculations as to the 
heat necessary per 100 lb. of raw material. 


Heat required B.t.u 
Decomposition of 75 Ib. CaCO; =75 = 58,800 
Decomposition of MgCO,= 4384= 1,536 

60,336 

Heat supplied 

Burning of 0.3 lb. sulphur=0.3% 4,050 = 1,215 


Burning of 0.8 lb. carbon =0.8X 14,540 =11,632 12,847 


Balance to be supplied by fuel... . . 47,489 
About 600 lb. of raw material are needed per bbl. so 
that the total heat per barrel required would be 284,934 
B.t.u., negleeting the effect of the silicates. The com- 
bination of the silicates and lime gives off heat. This 
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kiln when operating on dry material with flue gases 
about 1000 deg. falir., can be approximately expressed 
by the following formula 
C 

where 

(= eapacity in 24 hours in bbl. of 380 Ib. 

D = outside diameter in ft. 

L = length in ft. 

The economy of the kiln has been increased by in- 
creasing its length, probably due in part to a change 
in the process of burning whereby the CO, is driven off 
from the material before it reaches the combustion zone 
in the kiln, and in part to a reduction in losses. The 
suving due to the use of the 150-ft. kiln in place of the 
60-ft. kiln has exceeded 20 per cent in fuel and in ad- 
dition has cut down the labor required in operation 
more than one-half. Kilns can be operated with a stack 
temperature less than 1000 deg. fahr, but in that event 
the capacity is lessened and the result is generally an 
increase rather than a decrease in cost. 


Coat Dryer with HEATED GASES PASSING THROUGH CYLINDER 


amount is in doubt as the exact resulting composition 
of the silicates is not known. A certain combination 
might produce 44,700 B.t.u. per 100 lb. of raw material, 
which is hardly possible as it would reduce the the- 
oretical heat to be supplied to 2789 B.t.u. per 100 Ib. 
raw material, or to 16,734 B.t.u. per bbl. of cement. 
The principal cause of lack of economy in the rotary 
kiln appears to be due to excessive flue loss. Dr. Jo- 
seph W. Richards' has reported the following distri- 
bution of heat losses in a 6 x 60 kiln: 


36 per cent excess air in chimney gases 

36.1 per cent necessary products of combustion 

10.7 per cent in hot clinker 

12.8 per cent in radiation and convection 
The above investigation indicates about 72 per cent flue 
less of which about one-half is due to poor operation 
and is preventable. 

In order to utilize the waste heat in the stack, I ar- 

ranged in the Cayuga Lake plant to pass the discharge 


' Engineering Record, Feb, 27, 1904. 
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gases of two kilns through a boiler and an economizer, 
the draft being maintained by a fan. I also arranged 
to heat the air entering the kilns by drawing it through 
the hot clinker discharged from the kilns. The kilns 
were 60 ft. in length and 7.5 ft. in diameter at the lower 
and 6.5 ft. at the upper end. A very complete test 
was made by J. W. Prince, M.E., under my general 
directions, of which the results are shown in Table 1. 

From these data Table 2 has been computed showing 
the approximate distribution of heat throughout the 
process. 

This investigation showed that about 50 per cent of 
the heat was discharged into the stack and of that 
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good condition. | am satisfied, however, that such dif- 
ficulties are not so serious as to prevent a good return 
on the investment. It is doubtful if the difficulties are 
more serious than have been overcome in the steel in- 
dustry. 

Since 1902 the present methods of burning Portland 
cement have been in successful use, and without fur- 
ther reference to prior methods I will give a brief de- 
scription of the machines employed, without going into 
minute details, so that they can be made a permanent 
part of the records of the Society. The operations re- 
quired for burning pulverized coal consist in (a) dry- 
ing, (b) pulverizing, (c) conveying, (d) storage, and 
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amount about 68 per cent could be utilized in a boiler 
and economizer so that the ultimate flue loss was re- 
duced to about 17 per cent of the fuel. 

In the cement industry very few attempts have been 
made to utilize the heat of the escaping gases. So far 
as I know, the only successful installation of that kind 
is that in the plant at Kosmosdale, Kentucky. The rea- 
son why the waste heat has not been utilized to a 
greater extent is no doubt due to the difficulties of 
arranging and maintaining the waste heat boilers in 


TABLE 1 


DATA TWO KILNS, EACH 7'4 AND 6!'¢ x 60 
Coal consumed per hour, Ib....................2222005 1888 
Clinker produced per hour (CaO =62 per cent), Ib..... .. 8018 
Weight CaCO; per hour, computed, Ib................... 8875 
Moisture in raw material, per cent ............-06- “a 3.1 
Weight CO, per hour from material, Ib.................. 3660 
Weight of air supplied per lb. of coal, 44 per cent excess, lb. 16.1 
Total weight of air supplied per hour, lb............... . 32397 
Weight of air supplied by coal feeders per hour, Ib........ 5850 
Total weight of gases discharged per hour, lb............. 37749 
Heat discharged per lb. of gas, 0.23 (1800—100), B.t.u..... 391 
1213 
480 
1820 
Air leaving economizer, deg. fahr...................2000- 450 


Temp. of kiln by optical pyrometer, lower third, deg. 


Temp. of kiln by optical pyrometer, upper part, deg. 
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(¢) feeding. All these operations are provided with 
special machines and will be discussed later in the 
paper. 

DRYING 


Previous to drying, the coal is crushed by passing 
through rolls plain or toothed, or through crushers, to 


TABLE 2 APPROXIMATE DISTRIBUTION OF HEA’ 


B.t.u. Per cent 
Heat entering kilns from clinker cooler........ 2,041,000 
Heat entering kilns from comb. of coal........ 26,450,000 
Heat produced from chemical reactions....... 632,206 


Dotal heat supplied... 
Discharged from kiln to boiler............ 
Discharged with clinker (8018 X2 500)... 
CaCO; decomposed (8875 Ib. at 765) 
126 Ib. sulphuric anhydride liberated 


29,123,206 100 

14,859,859 51.2 
4,409,540 
6,789,375 


) 
3.3 

238,140 0.8 
1.0 
8 


303,200 
2,523,092 

974 
8,798,328 30.5 
1,178,998 4.0 
4,882,533 16.7 


Heat absorbed by boiler from kiln gases...... 
Heat absorbed by economizer from kiln gases. 
Stack loss and boiler radiation 


/ 
/ 
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- 
COAL 
a 
ath 
eu 
252 lb. water evaporated.................... 
Radiation and unaccounted for.............. 
ET a Radiation per sq. ft. of surface of kiln per hour 
Ng 2960 to 1800 


PULVERIZED COAL 


break up the large pieces. For the purpose of drying, 
rotary cylinders of the general character illustrated in 
Fig. 3, are generally employed, provided with an ex- 
ternal furnace. The rotary cylinder of the dryer is 
frequently subdivided by partitions, or else provided 
with Z-bars, which raise the coal upward as the eylin- 
der revolves and bring it into better contact with the 
heat and gases. 

In some of the coal dryers, as Fig. 4, which is a dryer 
constructed by the Vulean Lron Works, the discharge 
gases from the external furnace are arranged to pass 
through the dryer. 

The coal to be dried is fed into the upper end of the 
cylinder C, through the hopper A, or other convenient 
means, and is discharged through the stationary hood 
H, at the lower end of the cylinder. An external fur- 
nace is located at AA, from which the hot gases pass 
to the rotating cylinder C, through the stationary hood 
/i. There is a by-pass at F, by which the gases can be 
made to pass from the furnaces directly into the stack 
), without having to pass through the rotating evlin- 
der 

The dried coal is usually discharged into suitable 
conveyors and immediately removed to bins over the 


pulverizing machines. This adds to the efficiency and 
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capacity of the dryer but also increases somewhat the 
danger of conflagration while in the dryer. This dan- 
ger is slight; however, in practice and with good con- 
struction it is quite certain not to result in serious dam- 
age, and can always be obviated by care so that the 
practice is not open to serious criticism. 

The coal dryer is frequently provided with a stack 
to remove the dust. The size of the dryer is usually 
selected with reference to the maximum amount of 
moisture to be removed. Large plants usually have 
from two to three dryers, of sizes varying from 4 by 40 
ft. to 6 by 60 ft. 

Various other types of dryers of special design and 
considerable merit are employed in some plants but 


they can hardly be considered in a paper of this general 


character. 

The waste heat of the plant is available for use in 
dryers, but the amount of heat needed for the coal dry- 
ing is so small as to make the installation of the waste 
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heat equipment usually a poor investment. This state- 
ment may not apply to other dryers of the plant re- 
quiring a greater expenditure of heat. 


THE PULVERIZING MACHINERY 


The coal, if delivered in large lumps, is broken into 
small pieces by passing through plain or corrugated 
rolls or crushers, before entering the dryer. This ma- 
chinery will not be described here as it is commonly 
used for such purposes in all arts. 

The pulverized coal must finally have a fineness so 
that not less than 92 per cent will pass a sieve of 100 
meshes to the lineal inch, in order to pass the usual 
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standard requirements. 
still finer. 


It is desirable to have the coal 
The pulverizing machinery employed is 
adapted to two systems of dust burning. In the first 
system the pulverizer is arranged so as to deliver its 
product directly into the kiln without intermediate 
storage, and has a capacity of supplying one kiln. In 
the second system the pulverizers have large capacity 
and are arranged so that the pulverized coal is stored 
for a short time before being fed into the kiln. The 
first type of pulverizer is used only to a small extent 
at the present time. The second type is used almost 
exclusively in the various cement kilns. 

The Aero Pulverizer, which is of the first type, is 
employed in certain mills of the Universal Portland 
Cement Company, and consists essentially of a hori- 
zontal shaft revolving at high speed which carries beat 
ers or revolving arms throughout a greater portion of 
its length and fan blades near the discharge end. 
When it has been sufficiently pulverized to be handled 
by the blast produced by the fans, it is delivered 
through an inlet pipe which leads directly to the kiln. 
The capacity is controlled by suitable dampers in the 
supply pipe. I am informed by the president of the 
Universal Portland Cement Company, Mr. Hagar, that 
his recently constructed mill is equipped with coal pul- 
verizing apparatus with intermediate storage between 
the mill and the kiln. 
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The pulverizing machines mostly used in the Port- 
land cement industry for the purpose of pulverizing 
coal are the Griftin mill, the tube mill and the Fuller- 
Lehigh mill. These are all fine grinding mills and are 
not adapted to receive large pieces of coal. 

In the Griffin mill grinding is performed by a roll 
attached to the end of a vertical shaft, which is sus- 
pended by gimbal joints from a horizontal driving 
pulley. The grinding roll comes in contact with the 
interior surface of a ring of hard steel by which means 
the grinding is accomplished. The grinding roll, how- 
ever, has a swinging gvratory motion and is not uni- 
formly in contact against the ring. The pulverizing 
is therefore accomplished partly by the force of impact 
and partly by a rubbing motion. 
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The bottom of the grinding roll carries projections 
which continually throw the coarse particles to be 
ground from the bottom of the mill up against the in- 
ternal surface of the ring, where it is pulverized. The 
ground material is then thrown upward and outward 
by fan blades attached to the shaft which supports the 
grinding roll, causing the material to impinge against 
# screen which allows the fine particles to pass through, 
but preventing the escape of the coarser particles. 

The Griffin mill is a very effective grinding machine 
and is economical in the use of power. It is objeetion- 
able principally because of the dust which it produces. 
It has a capacity of pulverizing to a fineness of over 90 
per cent through a sieve with 100 meshes to the lineal 
inch, as follows, for the two sizes of mill which have 
been made: 


30-in. mill, 2 tons per hour. 35 h.p. 
40-in. mill, 4 tons per hour. 65 h.p. 
The 30-in. Griffin mill is in extensive use but is no lon- 

ger manufactured. 

The tube mill is extensively used for grinding coal, 
also for grinding rock and finished material in cement 
mills, and is construeted by several manufacturers. It 
consists essentially of a large cylinder mounted on hol- 
low trunnions at the ends, a seetion of which is shown in 
Fig. 4. The cylinders vary in diameter from 4 to 6 ft. 
and have a length varying from 22 to 30 ft. The ma- 
terial to be pulverized is fed through a hollow trumiion 
at one end and is discharged at the opposite end. The 
cylinder is filled about 40 per cent full with hard silie- 
ious pebbles usually somewhat elliptical in form and 
having diameters not greatly different from 2 in. The 
mill is lined with some tough materials which can be 
readily replaced, such as silica blocks or plates of steel. 


Fig. 10 40-Fr. py 60-Fr. Mini, ELevation 
MILLS 


The rotation of the cylinder lifts the load of pebbles 
and material being pulverized and causes the pebbles 
to roll and slide over the material to be groand as it 
passes through the mill. The result is an extremely 
fine product. The 50-in. tube mill 22 ft. in length has 
a capacity of about 4 tons of coal per hour and requires 
about 75 h.p. The tube mill is practically dustless and 
is noiseless. But it requires very dry coal to be sue- 
cessful. 

The Fuller mill is probably the most extensively used 
of any grinding mill for coal in the Portland eement 
industry in this country. This mill is a comparatively 
new one and is manufactured by the Lehigh Car Wheel 
& Axle Works, at Fullerton, Pa. In this mill the pul- 
verizing element consists of four steel balls which roll 
in a stationary horizontal concave-shaped grinding 
ring. The four balls are propelled around the inside 
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of the grinding ring by means of four pushers. Di- 
rectly above the pulverizing zone is a separating cham- 
ber which is completely encircled by a screen of woven 
wire cloth. The material is thrown against the screen 
by a fan keyed direct to the main shaft and revolving 
with it. Outside of the screen and separated from it 
by several inches of space is an outside casing through 
which all the finished material passes. There is also an 
exhaust fan beneath the pulverizing zone which in- 
duces a discharge through the screen and also tends to 
facilitate the discharge of the ground material. The 
material to be pulverized is fed from a hopper at the 
top of the mill by special feeding mechanism to the 
pulverizing zone. The mill is driven by means of a 
pulley or gears attached to the main shaft below the 
pulverizing zone, 

The Fuller mill is construeted in two sizes, 33 in. and 
42 in. The capacity of the 33-in. mill is given as 2 to 
2.5 tons per hour for an expenditure of from 30 to 35 
h.p., and of the 42-in. mill as 4 to 6 tons per hour with 
an expenditure of 45 to 50 h.p. 

In addition to the pulverizing mill described in this 
paper, other mills are employed to a limited extent. 
The Atlas Portland Cement Company employ Hunt- 
ington mills for coal grinding which they manufacture 
in their own shops. The Huntington mill is in strue- 
ture much like the Griffin mill but it is provided with 
three pulverizing rolls instead of one. 


CONVEYING MACHINERY 


I shall make no attempt to describe the conveying 
machinery employed in modern cement mills for con- 
veying the coal to the various parts of the mill. This 
machinery differs greatly in the different mills. In the 
great majority of mills screw conveyors are employed 
for moving the coal horizontally and bucket and chain 
elevators encased in dust-proof housings of steel for 
moving it vertically. In other mills belt conveyors and 
pan conveyors are used. 

The requisite for safe conveying is the prevention 
of an explosive mixture of pulverized coal and air. 
Neglect of this precaution has caused the loss of many 
lives and the destruction of a great deal of property 
in the Portland cement industry. The present prac- 
tice endeavors to keep the pulverized coal from mixing 
with air so that if it should happen to catch fire it 
would burn slowly without producing disastrous explo- 
sions. 


STORAGE OF PULVERIZED COAL 


Storage capacity for pulverized coal, because of the 
element of danger, should be as small as possible con- 
sistent with the continuous operation of the mill. It 
is customary to provide for each kiln a storage bin with 
a capacity of from 6 to 10 hours of operation. Such 
bins are usually located 15 to 20 ft. from the lower end 
of the kilns where they do not interfere with the opera- 


tion. Each bin is supplied by a conveyor leading from 
the pulverizing machine. The ordinary location with 
reference to the kiln is illustrated in Fig. 1. In this 
drawing the coal bin, shown at K, is of a eylindrieal 
form with a cone-shaped bottom. The pulverized coal 
is supplied to the bin through a screw conveyor at the 
top of the bin, shown at L. It is discharged from the 
bottom of the bin by means of a screw. Coal storage 
bins of rectangular cross section are equally service- 


able. 


FEEDING THE COAL 


Powdered coal is fed from the bottom of the bin by 
adjustable feeding arrangements generally consisting 
of a double-threaded screw conveyor having a variable 
feed, one type of which is illustrated in Fig. 1. The 
coal dust is blown into the kiln by a jet of air with 
some type of injector. In some of the plants com- 
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pressed air of from 30 to 40-lb. pressure is employed for 
delivering the pulverized coal; in other plants air is 
obtained from a rotary fan at about 2 ounces pressure. 
Fig. 6 illustrates a type of high pressure burner exten- 
sively employed by the Atlas Company. The drawing 
clearly shows the construction and mode of operation. 
Fig. 7 shows a common type of low pressure injector. 
The drawing shows the construction of the injector, 
from which the mode of operation will be readily un- 
derstood. 

The coal feeding injectors are located in front of the 
stationary hood and arranged to deliver the jet of coal 
dust axially to the kiln. Practice has proved that it is 
unnecessary to use more than one jet to a kiln, although 
in some of the constructions two jets are used. The 
detailed construction of injectors for feeding the pul- 
verized fuel differ in the various plants, but all embody 
the features illustrated in Figs. 6 and 7. 
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COMPLETE INSTALLATION OF PULVERIZING MACHINERY 


| present a set of drawings which show a complete 
installation of coal pulverizing machinery having a ca- 
pacity of about 8 tons per hour. These drawings | 
have selected as illustrating simply and completely the 
machinery needed for a coal pulverizing equipment. 
They were prepared by the Lehigh Car Wheel & Axle 
Works and are submitted by permission. They appear 
as Figs. 8 to 11 in connection with this article. Fig. 8 
is a plan view showing the arrangement of the machin- 
ery. Figs. 9,10 and 11 are vertical sections which show 
the locations in a vertical plane of various machines. 
By reference to these drawings it will be noted that 
machinery is provided for crushing the coal in erush- 
ing rolls, elevating the crushed coal in a dust-proof ele- 
vator A, to the top of the mill where it discharges by 
gravity through a coal scale and then into the upper 
end of a rotary dryer. The coal passes through the 
dryer which removes the moisture, then it is discharged 
into a dust-proof elevator B, and raised to a height 
sufficient to fall by gravity into the storage bin for 
dried coal located at a higher level than the pulveriz- 
ing mills. From these storage bins the coal is drawn by 
gravity into the pulverizing mills. The pulverized 
coal is then raised by a dust-proof elevator C, to a point 
where it is discharged into a screw conveyor D, leading 
to the storage bins near the kilns. The drawings show 
the various machines as driven by electric motors, 
which is customary in the art. The rotary dryer is of 
the general type of one already described in this article 
and has a rotary cylinder 4 ft. 6 in. in diameter by 32 
ft. in length. 


The paper is intended to give an idea of the diffieul- 
ties overcome and the results attained in the burning 
of pulverized coal in the cement industry without re- 
ferring to many details of construction. The process 
of burning in the cement kiln is described quite at 
length in order that thé reader may understand the 
peculiar character of the problem involved in the ce- 
ment industry and the differences of the combustion 
processes in that art and in the steam boiler furnace. 
It is hoped that a full discussion will give additional 
information on this subject which will tend to improve 
the efficiency of combustion in all arts. 


In the preparation of this article information has been supplied 
by the Atlas Portland Cement Company, H. J. Seaman, general 
superintendent, A. G. Croll, assistant superintendent; the Uni- 
versal Portland Cement Company, Edward M. Hagar, president; 
the Helderberg Portland Cement Company, F. W. Kelley, general 
manager; the Cayuga Lake Portland Cement Company, M. E. 
Calkins, president; the Allentown Portland Cement Company, J. 
W. Fuller, president. Valuable information and drawings have 
also been received from the following manufacturers of cement 
machinery: Allis-Chalmers Company, Milwaukee; Bradley Pul- 
verizer Company, Boston; Lehigh Car Wheel & Axle Works, 
Catasauqua, Pa.; Power & Mining Machinery Company, Mil- 
waukee; Thomas Prosser & Son, New York; F. L. Schmidt & Com- 
pany, New York; Vulcan Iron Works, Wilkes-Barre. 
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PULVERIZED COAL FOR STEAM 
MAKING 


BY F. R. LOW, NEW YORK CITY 
Member of the Society 


Numerous attempts have been made in the past quar- 
ter century to use pulverized coal as a boiler fuel. The 
published accounts of the various trials are full of 
promise and apparent accomplishment, but few of the 
processes have persisted, and only a small proportion 
of the coal used in steam making is fired in this way. 

There have been three broad types of apparatus pro- 
duced; that of which the Pinther (Fig. 1) is typical, 
where the prepared coal is emptied into a hopper above 
a feed-controlling mechanism and carried into the fur- 
nace by the natural draft; that having a mechanical 
feed, as the revolving brush of the Schwartzkopff ap- 


Fia. 1 


PiIntTHER Type oF APPARATUS 


paratus (Fig. 2); and that in which the coal is blown 
into the furnace, as in the Day or Ideal apparatus 
(Fig. 3). 

With the first type efficiencies of from 75 to 80 per 
cent were obtained, but the capacity was limited. When 
sufficient draft was applied to introduce a cons derable 
amount of fuel, the velocity was such as to carry un- 
consumed particles of coal into the back connection 
and tubes. When fuel is introduced into a powdered 
fuel furnace at a rate which will give the full rated 
capacity of the boiler, a particle will remain in the 
combustion zone of an ordinary furnace less than half 
a second. 

The first installation that I ever saw for burning 
pulverized coal under a boiler was of the rotary brush 
type. It was promoted by Mr. Bradley, an extensive 
fertilizer manufacturer, I should say in the late nine- 
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ties. It was but a step from pulverizing fertilizer to 
pulverizing coal. The apparatus was applied to a hori- 
zontal-return tubular boiler at Quincey, Mass., set in 
the usual way. The brush injector was placed at the 
furnace door and upon the grate was a thin fire com- 
posed of coal of about the size of hickory nuts. There 
was no way of feeding coal to this fire and none was 
necessary. Enough of the coal failed to be consumed 
in suspension, and fell and agglomerated itself upon 
the fuel bed to keep it supplied. The powdered coal 


Fic. 2) Scuwartzkorrr APPARATUS 
was brought in bags and 
dumped into the hopper 


The chim- 
ney was smokeless, the fire 
box cloudy, but the combus- 
tion chamber full of clean 
white flame. It looked 
very promising, but never 
reached the publication 
Stage. 

When it is suggested that 
an air blast be used to in- 
troduce the fuel, the appre- 
hension of an excess of air 
is natural. The relative 
volumes of equal weights of 
coal and air are about 
1:990. It would hardly be 
expected to use less than 15 Ib. of air per pound of 
coal, so that the relative volumes of coal and air intro- 
duced would be 

1:(990% 15) 1: 14,850. 

The diameter of the globe of air which would ac- 
company each tiny particle of fuel into the furnace 
would be 14,850 4) 14,850, or over 24 times the diameter 
of the particle of coal, so it will be seen that plenty of 
air may be used for fuel injection purposes without 
exceeding the supply required for complete combus- 
tion. In all of the systems at present in use, the fuel 


above the brush. 
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is introduced in this way, the blower usually being so 
combined with the pulverizer that the pulverized coal 
is blown into the furnace as fast as it reaches the neces- 
sary degree of fineness. 

That the subject has not been neglected by inventors 
is evidenced by the fact that during the past 20 years 
there have been 23 United States patents issued for 
pulverized coal apparatus. 

The earlier attempts to utilize pulverized coal were 
in connection with metallurgical processes. J. 5S. 
Dawes used it in England, in 1831, in blast furnaces, 
injecting it with the air through the tuyeres. It was 
proposed or tried in iron works by Desboissierres, in 
1846, by Mouchel, in 1854, and by Mushet, in 1856. 
Somewhat later, Crampton tried it in locomotive and 
other boilers. 

In the Engineering and Mining Journal of 1876, 
Chief Engineer B. F. Isherwood, U.S.N., deseribed a 
test made by naval engineers under his direction in 
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1867 and 1868 at South Boston, upon an apparatus 
devised by James D. Whelpley and his partner, Storer, 
for firing a boiler in part with pulverized fuel. The 
boiler was of the horizontal two-flue type having only 
299 sq. ft. of heating surface and 131% sq. ft. of grate. 
A coal fire was maintained upon the grate and the pul- 
verized fuel fed in above it, a fire arch being used to 
maintain the furnace temperature when the powdered 
fuel was used, but not with the grate alone. 


Tests were made both 
bituminous coal. 


with anthracite and semi- 
The highest rates of combustion at- 
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tained were 13.8 Ib. per sq. ft. of grate per hour for 
the anthracite, and 14.9 for the bituminous, referring 
all the coal burned, pulverized as well as solid, to the 
grate area. Mr. Isherwood’s conclusions were that, in- 
cluding the cost of pulverizing, the anthracite did a 
good deal better and the semi-bituminous a little bet- 
ter, when burned upon the grate in the ordinary way 
than when burned in part in the pulverized condition. 

In the late nineties, D. Wegener brought out in 
Europe and tried in this country a natural draft syvs- 
tem. Tests showed boiler efficiencies of from 75 to 80 
per cent. 

In 1910, J. E. Blake, of the Blake Pulverizer Com- 
pany, installed, under a 300-h.p. water-tube boiler, at 
the Henry Phipps power plant in Pittsburgh, the ar- 
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feed 
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nace maintenance, the frequent laying off of the boiler 
for the removal of slag and the cost of pulverizing 
counteracted in the opinion of the operators these ad- 
vantages and the system was abandoned after a trial 
of about eight weeks. 

In 1905, John B. Culliney, Superintendent of the 
American Steel & Lron Company, patented the con- 
trolling device shown in Fig. 6. The powdered fuel is 
deposited in the hopper A, filling the chamber B di- 
rectly beneath it, whence it is carried forward by the 
horizontal screw conveyor and dropped in a continuous 
stream through the chamber C. Radial rods upon the 
conveyor shaft agitate the mass, and push any foreign 
or uncomminuted material which may have been intro- 
duced with the fuel out to the sides, where swinging 
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rangement shown in Fig. 4. The pulverizer served as 
its own blower, sending the pulverized fuel mixed with 
air to the furnace, where, in this installation, it was 
introduced by a series of nozzles extending across the 
width of the furnace. A little less than the rated 
horsepower of the boiler was obtained with an efficiency 
of about 79 per cent. 

A later form of the Blake apparatus was installed 
last winter at the Peter Doelger Brewery in New York 
City. The powdered coal was delivered into the top of 
an extension furnace or Dutch oven, as shown in Fig. 5. 
Smokeless combustion and high efficiency were ob- 
tained, the principal trouble being from slag, which 
accumulated on the roof and sides of the furnace, and 
piled up in such masses upon the floor that frequent 
shutdowns were required for its removal. They evap- 
orated as much water with 1000 lb. of the pulverized 
as with 1400 lb. of the natural coal, but the cost of fur- 


Puipps INSTALLATION 


cover plates DD are provided for its removal. Con- 
nected to each side of the chamber C is a blast pipe E, 
the opening for which is shown in the longitudiral see- 
tion at F. A current of air flowing through the pipe 
and across the falling stream of pulverized coz] picks 
up a portion of it and carries it to the larger pipe G, 
where it is taken up by another air current and carried 
into the furnace. About one-seventh of the total air 
is supplied at the smaller pipe under a pressure of 
about 6 oz., the remainder of that necessary to com- 
plete combustion being supplied by the larger pipe 
under a pressure of 114 oz. or less. The part of the 
coal which is not taken up by the blast is returned to 
the upper chamber by the inclined screw of coarser 
pitch, and earried forward again through the same 
process. Regulation of the speed of the conveying 
screws, and of both air supplies, gives the operator 
complete control of the rate of feeding and character 
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of the flame. 


tion, not only for large metallurgical work, 


This system has found a wide applica- 
but for 
many furnaces where oil and producer gas were for- 
merly used, and was used for a number of years under 
boilers at the works of the Erie Malleable lron Com- 
pany until the purchase of current from the electric 
company made the operation of the boilers no longer 
hecessary. 

This system has been for some time in successful use 
for shop processes at the Schenectady works of the 
American Locomotive Company, and has recently been 
installed for steam making purposes under a 300-h.p. 
Franklin boiler. 
The results, up to this writing, have been complete 


The arrangement is shown in Fig. 7. 


smokeless combustion, no slag, several furnace linings 


DoELGER INSTALLATION 


9. 
? 4 
) 
=> = 


melted down, but inability to get full boiler capacity. 
This is laid to limited controller capacity, and larger 
controllers are being installed. It is hoped that further 
information will be available before the date of the 
meeting. 

Claude Bettington of Johannesburg, South Africa, 
where the price of coal is high, attacked the problem 
by designing a boiler especially for use with pulverized 
fuel. He took out his first patent in the United States, 
but his boiler was first commercially exploited in Eng- 
land. 


two vears ago. 


He met his death in an aeroplane accident some 
In his boiler the feed is upward, as 
shown in Fig. 8, through a water-jacketed nozzle in 
the center of a vertical furnace. The pulverizer acts 
as a blower, and the air supply is preheated. From the 
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pulverizer the coal passes to a separator, where the 
larger particles settle out and return to be again 
treated, the finer passing on to the burner. The blast, 
about 2 in., opposing gravity, tends to keep the coal in 
suspension, and as a particle would have to pass twice 
the length of the furnace (upward and downward) to 
escape, there is no difficulty in obtaining complete com- 
bustion. 

The flame does not lift more than 10 per cent under 
the highest rate of feed which it is practicable to em- 
ploy, the temperature of the furnace and of the en- 
veloping gases being increased enough to offset the 
greater velocity of ingress. The tubes of the inner 
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perfectly clean, and particular care taken as to the 
water level. One of these boilers having 2606 sq. ft. 
of heating surface has been running for over four 
years at the works of the builders. It evaporates regu- 
larly 14,000, and has been worked up to 22,000 Ib. of 
water per hour. These rates, however, (5.4 and 5.4 lb. 
per sq. ft. of heating surface) are attained with stoker 
fired boilers. 

A contributor to Power who has had two of these 
boilers in charge says that the steel head of the upper 
drum burned through at one time, probably due to dirt 
collecting upon it; that in spite of the cooling effect of 
the tubes the special bricks forming the furnace quick- 
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row of the circular furnace are covered with a special 
refractory covering to within a short distance of the 
bottom header, making a brick-lined combustion cham- 
ber. The special bricks are placed loosely around the 
tubes, but soon become coated with molten ash and 
slag, which welds them into a solid wall, and closes the 
crevices between the lining and the top header. The 
ash which is not so slagged to the furnace surfaces, or 
carried out by the draft, drips into the ashpit below 
the lower header. The destructive effect of the im- 
pinging flame upon the brickwork is avoided by taking 
it upon the lower head of the central drum, or upon 
the accumulation of gas in the upper end of the cham- 
ber, the region of greatest heat intensity being in the 
core, while the tubes and shell are subjected to the 
lesser temperature of the somewhat cooled gases, which 
have not yet got away. The radiant heat is, however, 
effective upon them and the metal surfaces must be kept 


ly burn away, and frequent renewals are necessary. 
Care must be taken lest the lining burn through and 
the gas be short-circuited. Although this boiler will 
burn low-grade fuel successfully, and while under 
steam is easily managed, one fireman being eble to 
look after several boilers, these advantages are largely 
offset in his opinion by high cleaning and maintenance 
charges. 

The makers say their experience has been that a lin- 
ing will last about two years, and that even large holes 
will automatically seal up. The parts which require 
most frequent renewal are the beaters and liners of the 
pulverizer. These are of manganese steel, and can be 
replaced in about two hours. The makers claim an 
approximate life for the beaters of 1500, and for the 
liners of 2000 tons of coal handled. A user, after 10 
months’ experience, says that the blades run from 1000 
to 1200 hours per set, and that the second set of liners 
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was still in use. The use of heated air in the pulverizer 
allows coal having 15 per cent or more of moisture to 
be handled successfully; a separate heater is recom- 
mended for large boilers. 


surfaces of the furnace and welds itself into masses, 
oceasioning damage to the brickwork in its removal 
and comparatively frequent layoffs for cleaning. In 
one instance the molten slag formed in sheets and 
ridges upon the sides and in stalactites upon the roof 
of the furnace, while the floor was covered with a plas- 


They allow 2 to 3 per cent 
of the boiler capacity for pulverizing. There was some 
trouble from leaky water jackets putting the flame out, 
but this has been overcome by the use 

of welded jackets. 


A number of these boilers are in use 
in South Africa, in Great Britain and “§ 
Canada. ‘Tests of one of the Rand —— 7 
boilers show an efficiency of 52.6 per : 
cent, the coal having 2.15 moisture, itt. 
22.8 volatile, 57.55 fixed earbon, 17.5 
ash. The CO, is carried at 15 per cent y P Airinlet 
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quired amount of fuel. There still remains, however, 
the difficulty of getting rid of the incombustible. With 
10 per cent ash there will be 200 Ib. of refuse to be got 
rid of with each ton of coal burned. If this is kept 
in a pulverized form it is carried into the back connec- 
tion, the tubes and stack, and scattered about the 
neighborhood. If it is fused it attaches itself to the 


tic mass, which cooled when the door was opened for 
its removal, and could hardly be got out without mate- 
rial damage to the furnace. 

The possibility of getting an adequate supply of oxy- 
gen to the finely comminuted carbon allows perfect and 
smokeless combustion with a minimum air supply, but 
with the rates of combustion demanded in present prae- 
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tice, the result is a high temperature with erosive and 
reducing characteristics which, however good they may 
be for metallurgical processes, are not favorable to the 
longevity of a boiler furnace. If this temperature is 
kept down by feeding less fuel, the capacity is limited, 
while if it is kept down by using an excess of air the 
economic advantage just cited is sacrificed. 

There have been several disastrous explosions of 

the prepared fuel outside of the furnace; but these 
can be easily guarded against. Coal, however fine- 
ly comminuted, does not contain the elements nee- 
essary for its own combustion, and if ignited will 
burn only slowly if kept in a compact mass. It 
is only when it is diffused in a cloud that the 
oxygen of the atmosphere can get to it quickly enough 
to make the rate of combustion dangerous. The pul- 
verized fuel can be safely conveyed en masse in suit- 
able holders, in screw conveyors, or even in cars and 
barrows if care is taken that it shall not be blown or 
sifted about in a finely disseminated state. In those 
systems where the pipe back of the blower is filled with 
an explosive mixture of coal and air, the rate of flow 
must exceed that of the propagation of flame in such 
a mixture, and in shutting down the coal supply should 
be shut off first. The pulverized mass will run lke 
water, so that the pitch of chutes, conveyors, ete., must 
be so set as to provide against the flowing of their 
contents. 
While anthracite dust can be used it burns more 
slowly than coal having a higher percentage of vola- 
tiles, and must be very finely pulverized. For most 
systems practically all of the coal should go through a 
screen having 100 meshes to the inch, and for coals hav- 
ing a small percentage of volatile or where very rapid 
combustion is imperative the coal is ground to a fine- 
ness which will permit the greater part of it to pass 
through a 200-to-the-inch sieve. Low-grade coals and 
coals having a large percentage of ash can be burned 
in this way, but there is a limit to the proportion of 
slate and bone that one can afford to grind, and an in- 
creasing proportion of ash means increased trouble 
from dust and slag. The earlier practice of taking up 
the impingement of the flame on a checkerwork or a 
heap of brickbats is out of favor. It simplifies the 
process of keeping the burner lighted, but burns up 
too much firebrick and makes a locus for the building 
of a slag heap. With an ordinary firebrick furnace 
well heated up there is no trouble in maintaining the 
flame steady, and it will re-ignite after having been 
turned out for several minutes. 

The cost of pulverizing and the large initial cost of 
the drying, pulverizing, conveying and feeding appa- 
ratus, together with the fact that coal of practically all 
grades can be burned with a tolerable degree of smoke- 
lcssness in the cheaper apparatus in common use with 
a degree of efficiency which leaves little margin to cover 
the increased expenditure, have combined to restrict 
the use of pulverized coal for boiler purposes to spe- 
cial instances. 


352 POWDERED COAL FUEL IN INDUSTRIAL FURNACES, DALTON AND QUIGLEY 


AN INSTALLATION FOR POWDERED 
COAL FUEL IN) INDUSTRIAL 
FURNACES 
BY WILLIAM DALTON, SCHENECTADY, N. Y. 


AND 
W. S. QUIGLEY, NEW YORK 
Members of the Society 


At the works of the American Locomotive Company, 
Schenectady, N. Y., there have been in use oil furnaces 
for heating the blanks for drop forgings and general 
small forge work, and hand-fired coal furnaces for the 
heavier work in the hammer shop. The equipment is 
now being changed to burn powdered coal fuel and a 
milling building has been erected to contain the coal 
drying and pulverizing apparatus. 

The advance in the price of fuel oil in 1912 and the 
refusal of the oil companies to guarantee deliveries or 
to renew contracts for any considerable length of time 
led to an investigation in order to determine what fuel 
would be a satisfactory substitute for oil. 

The apparatus installed was that developed by the 
American Iron and Steel Manufacturing Company at 
their Lebanon and Reading works and now handled 
by the Quigley Furnace and Foundry Company, New 
York. The plant was built and started in May, 1913, 
and while there has been the usual amount of trouble 
in getting a new fuel system to run smoothly, the re- 
sults have been satisfactory. 

The coal milling and distributing plant is motor- 
driven and centrally located in a building of non-com- 
bustible construction., At present it has a capacity of 
5 tons an hour, and is so arranged that by duplicating 
the dryer and pulverizer its capacity can be doubled. 
This plant has a concrete hopper placed under an ele- 
vated track where it can be served either by discharg- 
ing directly into it from the car or from the stock pile 
by means of a traveling crane and grab bucket. The 
concrete car hopper discharges into a rotary crusher 
capable of reducing 20 tons per hour of run-of-mine 
coal to 34-in. cubes, from which it is carried by means 
of a bucket elevator to a storage bin which discharges 
by means of chutes and reciprocating feeder into an 
indirect-heat type dryer of 6-tons per hour capacity. 
From here it is elevated to a dried coal storage bin ar- 
ranged to feed by chutes directly into the pulverizer, 
then elevated to a pulverized coal storage bin, from 
which it is distributed by screw conveyors to the drop 
forge and hammer shops. The plans permit of further 
extension to the blacksmith shop, power plant and 
other departments later (Figs. 1, 2 and 3). 

The milling building is detached, well ventilated, and 
built in conformity with the underwriters’ require- 
ments and accepted by them on a par with buildings 
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containing equipment for fuel oil or gas for industrial 
purposes. There has been no trouble whatever from 
spontaneous combustion, or fires from other causes, and 
there appears to be no reason to expect trouble from 
this source if ordinary precaution is used, as required 
with any other kind of fuel. 

To insure the best results, the coal should be of high 
volatile and low ash and should be dried so as to con- 
tain not over 1% of 1 per cent of moisture, care being 
taken in drying to avoid overheating and so driving 
off any of the volatile content. The coal should be pul- 
verized to a fineness that will permit 93 per cent to 95 
per cent to pass through a 100-mesh sieve, and for some 
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coal to the base of the hopper. By this method a con- 
tinuous stream of coal passes the opening and any por- 
tion up to the capacity of the upper screw may be util- 
ized by increasing or decreasing the cross jet, and as 
the lower screw has a greater capacity than the upper 
it is impossible to clog the device in case of stopping the 
consumption of coal altogether. 

The furnaces in the drop shop are rebuilt oil furnaces 
and those in the hammer shop are rebuilt hand-fired 
coal furnaces, and it should be emphatically stated that 
it is a serious mistake to attempt to apply powdered 
coal to existing furnaces without rebuilding them in a 
manner best suited to that fuel, since rapid and eco- 
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classes of work even a greater degree of fineness has 
been found desirable. 

In the burning of powdered coal, the fuel controlling 
device is the most essential element in the successful 
operation of the system as a uniform and controllable 
supply of the powdered coal must be supplied to the 
burner at all times. The controller used in this in- 
stallation as shown in Fig. 9, was developed by the 
American Iron and Steel Manufacturing Company, 
and used successfully by them for seven years. 

The device is motor driven and consists mainly of 
two screws, the upper located so as to propel the pow- 
dered coal from the bin forward to a point where it 
falls in a stream past an opening through which a cross 
current of low pressure air (a small portion of the 
total amount of air required for combustion) is direct- 
ed, so as to force the desired quantity to the burner 
through suitable pipes. The lower or return screw is 
of greater pitch than the upper and returns the excess 


nomical operation, as well as the elimination of the ash, 
cannot be accomplished without properly designing the 
furnaces for the new fuel. Coal has been burned in 
this plant with an ash content as high as 18 per cent 
with uniformly good results, although the nigh ash 
causes considerable annoyance where open furnaces, 
such as used for heating small forgings, rods, ete., with- 
out doors are used or where doors are not wholly closed 
during operation, unless efficient hoods or an exhaust 
system for properly disposing of the small particles of 
escaping ash is installed. 

The foregoing gives in a general way a description 
of the important features of the plant. After the first 
two furnaces were equipped in the drop shop and one 
in the hammer shop, tests were made to determine the 
savings effected with the use of powdered fuel as com- 
pared with fuel oil and hand-fired coal practice; and 
also as to what changes needed to be carried out in the 
alterations upon the other furnaces. The results of 


ays 

Le 
ute 
ay 
4 

| 
ri 
ASSEN 
| 
Det 

wd 

= 

. 

i 

. 


POWDERED COAL FUEL IN 
the tests upon these first furnaces are here given. 


Test on Powperep Coat Furnace No. 3335 


Nov. 12, 1913: Started 12 m., ran to 4:07 p.m. Heat in at 
12:30. 

Nov. 13, 1913: Started 6:15 a.m., ran to 12:30 p.m. Heat in 
at 7:28. 


Furnace ran eleven heats, five heats of 10 pieces and 6 heats 
of 12 pieces. Worked on pedestal die wedge. 


November 12 


TIME, FORGING TIME, 
HEATS MINUTES MINUTES PIECES 
1 23 19 10 
2 24 18 10 
3 23 17 10 
4 28 18 10 
5 21 17 10 
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at a marked level in the hopper and after the test filled 
the hopper to the starting mark with coal weighed in 
bags, weight of bags subtracted. 


ANALYSIS 


14.12 
Volatile matter 20.28 
Fixed carbon... 64.60 

100.00 
13,220 


Test on Ott Furnace No. 5078 


Nov. 14, 1913: Test started 6:10 a.m., ran to 3:35 p.m. 
Furnace ran eleven heats, 12 pieces to*each heat. Worked on 
pedestal die wedge. 


Cross-Section oF HAMMER SHowinG Location or Cross Conveyor, ScALE, PowoeRED CoaL Hopper ANpD 


Turee-Door Hammer FuRNACE 


November 13 


1 41 20 12 
2 22 29 12 
3 24 21 12 
4 23 22 12 
5 24 22 12 
6 22 22 12 


Actual time 10 hr. 22 min. Coal burned 2177 Ib. Low-pressure 
blast 1 oz. from 8 in. pipe reduced to 6 in. at burner. High-pressure 
blast 8 oz. from 414 in. pipe reduced to 114 in. at controller and 2 in. 
leaving controller. Motor on controller °¢ h.p., 1.85 amp., 230 
volts. 50-in. blower on low-pressure air runs 825 r.p.m., driven by 
10 h.p. a.c. motor, 20-in. galvanized iron pipe connection. 


The coal was measured as follows: Started with coal 


TIME, FORGING TIME, 

HEATS MINUTES MINUTES PIECES 
1 31 18 i2 
2 25 18 12 
3 20 16 12 
4 21 19 12 
5 23 18 12 
6 21 17 12 
7 40 22 12 
8 28 16 12 
9 21 16 12 

10 23 17 12 
11 31 16 12 


Actual time 9 hr. 25 min. Oil used 1238 gal. Blast on oil burner 
6)4 oz. from 6 in. pipe reduced to 4 in. at burner. 120 h.p. A. C, 
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Motor runs three No. 10 Sturtevant Blowers for blast. Blast, 
h.p. per hr. 

The oil was measured as follows: There were two 
tanks with gage glasses at the bottom, so that the exact 
level of oil could be determined ; the tanks were so con- 
nected that one could be filled with oil while the other 
supplied oil to the furnaces. The tanks were accurately 
calibrated and the oil consumption computed accord- 
ingly. 
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Fic. 7 Furnace HeatinGc BLANKS For Drop ForGING ON WHICH 
TESTS WERE RUN 


Fic. 8 DitaGramM or FuRNACE, SHOWN IN Fic. 7 


CoMPARISON OF PULVERIZED Coat Furnace No. 3335 anp OIL 
Furnace No. 5078 (Bors Same Size) in Drop Suop 


PULVERIZED COAL FUEL OIL 

FURNACE FURNACE 

No. 3335 No. 5078 
10 hr. 22 min. 9 hr. 25 min. 
Fuel consumed............. 2177 |b. coal 138 gal. oil 
Average time per heat....... 25.1 min. 25.8 min. 
Average time per forging..... 1.87 min. 1.47 min. 
Actual forgings............. 122 132 
Forgings to be counted...... 132 132 


Cost of fuel at contract price.. $2.82 ($2.56 ton) $6.69 (4.8 ct. gal.) 
Cost of fuel delivered to the 

$3.31 $6.89 

The powdered coal furnace ran 57 min. longer than 
the oil furnace. However, 30 min. were lost because 


of failure to charge furnace on November 12 and 18 
min. were lost on November 13, because plate for heat- 
ing dies was not put in at the proper time. 

The work was on pedestal die wedges, which are of 
iron. The blocks weigh 25 lb. and the forgings 16 lb. 
The time lost on the pulverized coal furnace would 
more than allow for making the 12 forgings, so that 
the amount turned out by each furnace should be con- 
sidered equal as indicated in the table above. 

Some weight should be given the fact that the oil 
costs were probably kept at a minimum, as the heater 
was thoroughly familiar with oil and was able to obtain 
the maximum heat with the minimum amount of fuel 
oil. The same men ran each furnace and the only fae- 
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POWDERED COAL FUEL IN 
tor of importance was that the ram used on the ham- 
mer at the oil furnace was about 500 Ib. heavier than 
the ram on the hammer at the coal furnace. This did 
not affect the time of heats, but allowed a quicker forg- 
ing time, and there was less time lost with nothing in 
the furnace. 

It will be noticed from the coal analysis that the 
coal contained over 14 per cent of ash, which is too 
high for the efficient use of pulverized coal. The vola- 
tile matter analyzed low, but as this coal has been run- 
ning above 30 per cent in volatile matter, it is believed 
there must have been some fault in the analysis. 

The above results show the cost of operating the fur- 
nace on pulverized coal during these tests was 48 per 
cent of operating it on fuel oil at the present price. 


Fic. 9 


CoMPARISION OF TESTS ON LARGE 3-Door ForGE FURNACES OF 


SAME Size UNper Waste Heat Borcers Nos. 45 anp 61 

No. 45, old style furnace burning mine run coal, hand-fired 
Nov. 12, 1913. 

No. 61, new furnace equipped to burn pulverized slack coal. 
Nov. 21, 1913. 


BOILER NO. 45 ~~‘ BOILER NO. 61 


MINE RUN PULVERIZED 
COAL COAL 

Hours run.... 10 hr. 5 min. 9 hr. 30 min. 
Fuel consumed. ... . 4630 Ib. 3200 Ib. 
Average time per heat. 117 min. 120 min. 
Cost of fuel actually delivered $6.69 $4.14 
Tonnage per furnace........ 9920 9920 
Cost of milling, conveying and 

.. $048 $1.04 
Total cost of fuel burned..... $7.17 $5.18 
Cost per ton output......... $1.45 $1.05 


Both furnaces ran under favorable conditions and 
the men on both hammers turned out a fair average 
day’s work. Both furnaces were on the same class of 
work and heated the same amount of material. 

In comparing the coal the analysis given below shows 
that there is too high a percentage of ash in the slack 
coal; otherwise the samples are representative of the 
two grades of coal used. 
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In comparing the maintenance of the two styles of 
furnaces, the pulverized coal furnace had not been run 
long enough to make an accurate comparison, but in- 
dications are that the maintenance of the pulverized 
coal will not exceed that on the old style and will prob- 
ably run less. The saving in labor with the pulverized 
coal furnace is shown to be: 


Three men on ashes at $1.75................. . $! 
Three men on fires nights at $2.10........... se 


Based on the shop running at average capacity there 


would be a labor saving of $11.55. This allows for men 


to start furnaces in the morning and wheel away ashes 
and slag. 


Moror-Driven CONTROLLER 


Coat ANALYsis, Borer No. 45 


Stack temperature 340 deg. fahr. 

Blast on furnace 9'% oz. 

Coat ANnaLysis, Borter No. 61 


Stack temperature 240 deg. fahr. 
Blast on furnace 1 oz. 
Blast on coal 6 oz. 


From these reports it will be noted that the air pres- 
sure required for burning powdered coal is materially 
less than that used on either oil or hand-fired coal fur- 
naces. Owing to this decrease it was found necessary 
to lengthen the stack on the waste heat boiler to in- 
crease the draft and afford a better circulation. 
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TOPICAL DISCUSSION 


Following the presentation of the papers upon Pul- 
verized Fuel, there was a topical discussion for which 
contributions had been prepared by J. L. Agnew, W. 
P. Barba, H. G. Barnhurst, John V. Culliney, W. R. 
Dunn, William A. Evans, Edw. J. Kelley, A. W. Ray- 
mond. These contributions were sent to the Society 
in response to an invitation to furnish data upon the 
following selected topics: 


(1) Grades of coal suecessfully used—analysis 
(2) Experiences with coal high in ash and sulphur 
(3) Essentials of storage bin for powdered fuel—troubles 


from storage 
Necessity for drying coal before grinding 
Fineness of grinding 
Cost of grinding and handling, including upkeep 
Danger from particles of dust floating in air 
Essentials of a good burner 
What troubles are likely to occur with burners in 
general 
Special features required in powdered fuel furnaces 
Air pressure used and effect of stack draft on ecom- 
bustion 


(4) 
(5) 
(6) 
(7) 
(8) 
(9) 


(10) 
(11) 


(12) 
(13) 


Experiences with ash or slag in furnace 

What temperatures are maintained in furnaces—in- 
Huence of temperature oo formation of slag 

Experiences with checkerwork in metallurgical fur- 
naces 


(14) 


(15) Life of furnace as compared with furnaces using 
other fuels 
(16) Items of expense or economy in the plant as a whole, 


due to use of powdered fuel 


The contributions are as follows: 
(1) 


A good average analysis of the coal used here is as follows: 


Grades of Coal Successfully Used—Analysis. 


The amount of volatile matter present is probably of con- 
siderable importance, but we are not able io say from our 
own experience how high the fixed carbon could go and the 
coal still be successfully used in the powdered form, though 
it is stated that authracite and even coke has been used.— 


J. L. AGNEW. 


The kinds we have used successfully are high-grade gas 
coals and gas slacks where the volatile has 1un about 35 
per cent to 40 per cent, ash 6 per cent to 8 per cent and 


the sulphui Jow.--W. P. Barwa. 


Coal most suitable for kiln furnaces and other types of 
metallurgical furnaces is that which runs about 35 per cent 
in volatile combustible matter, 8 per ceni or lower in ash, 
and 1% per cent or lower in sulphur. Good results are be- 
ing obtained, however, on coals which vary considerably 
from the above percentages.—H. G. BaRNHURST. 


The grade of coal successfully used in heating and puddle 
jurnaces has a composition closely approaching the follow- 
ing: 


ON POWDERED FUEL 
Moisture 1 
Sulphur 1 
100 


—Joun V. CULLINEY. 

What is technically known as gas slack is the grade most 
generally used, particularly in the Portland cement industry. 
This is cheaper than run of mine gas coal, and in its fine 
state dispenses with the use of preliminary crushing machin- 
ery prior to going to the dryer. The coal should be high in 
volatile matter. Its range in this respect should vary from 
28 per cent upward. The higher the volatile content, the 
more readily will the coal ignite, provided, of course, the 
fineness be the same. The volatile matter is driven off after 
the small percentage of moisture. It is readily ignited 
by the heat of the furnace, and, if the coal has been suili- 
ciently reduced in fineness and properly mixed with air, the 
burning coal dust will approach the condition of an ap- 
proximate gas. A typical analysis of a high-grade gas coal 
would be as follows, figured on a dry basis: 


The value of a coal for a particular industry will depend 
greatly upon the character of the particular furnace and 
especially upon the material to be heated. For example, a 
coal high in sulphur may be used without deleterious effect 
in one industry, while in another it would cause a great deal 
of harm to the material being treated. Coals high in sul- 
phur invariably give trouble, due to spontaneous combus- 
tion. This is especially true with some of the high sulphur 
coals of Indiana and Illinois.--W. R. Dunn. 


Furnaces have been operated using coal with ash as high 
as 18 and 20 per cent, but the successful use of such coal is 
limited to those furnaces in which the deposit of ash on the 
charge of material does not seriously affect the product. 
For most furnaces of the rotary type and for heating fur- 
naces, moderately good coal will do, that is coal containing 
8 to 10 per cent ash. On furnaces for the more refined 
treatment of metals, such as the open hearth steel and copper 
refining furnaces, exact specifications should be enforced, 
limiting the ash to 3 or 4 per cent. Copper mat: furnaces 
producing less refined copper than the above will stand a 
high percentage of ash. This ash, if deposited on che charge, 
is drawn off with the other slagged impurities. The one 
essential of coal for powdered coal burning is high volatile 
content. This should be above 20 per cent.—Wu.iiam A. 
Evans. 

The type of furnace is the deciding factor in the choice of 
the coal. Following are two analyses which have given very 
satisfactory results in open hearth practice: 


No. 1 No. 2 
Sick 10 5 
1% 1 
Cost per ton delivered......... £2.50 $3.35 


The following coal has been used for a 
10 years for heating annealing ovens: 


period of about 
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TOPICAL DISCUSSION 


Volatile matter. 24.62 

This coal was obtained for $1.70 delivered. Comparison 


of the above analyses will show the fallacy of predicting 
just what grades of coal can, and cannot, be burned. The 
consumer will have to decide for himself what coal will give 
the highest economy, and ean probably arrive at no conelu- 
sion without actual tests. One user of the coal given in the 
second analysis has, after a period of 10 years of success 
with it, decided to change to a coal containing a much lower 
percentage of ash, and consequently higher calorific value. 
The reasons given are, less accumulation of ash in the fur- 
nace, and therefore the elimination of much of the expense 
of handling it, through the saving of the cost of pulverizing 
and otherwise preparing the useless ash, and that due to the 
higher calorific value of the fuel. This would seem to in- 
dicate that a more expensive coal containing less ash and 
having higher calorific value will decrease annealing costs; 
just how far this theory can be carried into actual practice 
depends on the local plant conditions and can probably be 
determined only by experiment.—A. W. RayMonp. 


(2) Experiences with Coal High in Ash and Sulphur. 

The amount of sulphur present in coal used for rever- 
beratory smelting is of little or no importance as the charge 
to the furnace always contains a large amount of sulphur. 
The ash, however, is of great importance. At different times 
we have used coal containing from 5 per cent to 10 per cent 
ash. When the coal is burned, part of the ash sticks at the 
throat of the furnace in a pasty condition, and when there 
is as much as 10 per cent ash, it tends to build up here and 
eventually interferes with the smelting. Usually, however, 
it ean be kept barred off without much difficulty. 

Another portion settles in a fine pulverulent condition in 
the flue chamber beyond the throat. This simply requires 
drawing out periodically with hoes through small side doors 
built in for that purpose. The amount obtained when burn- 
ing about 70 tons of coal per 24 hours is 400 or 500 Ib. 

The greatest portion of the ash, however, settles on the 
bath in the furnace and forms part of the liquid slag. It is 
drawn off in that form and of course causes no difficulty 
whatever, only increasing somewhat the amount 
dled. 

As coal ash is high in silica it is quite evident that a basic 
slag will combine with it most readily and in such a case the 
ash might be valuable as a flux. On the other hand, an ad- 
dition of this high silica ash to a slag already high in silica 
might easily raise the melting point sufficiently to cause a 
good deal of trouble and interfere seriously with the work- 
ing of the furnace.—J. L. AGNEW. 


han- 


We find the ash rather troublesome, but this would not 
have been enough to condemn the coal had the price been 
low enough to warrant some extra trouble. In trying a gas 
slack of 12 per cent ash and 2 per cent to 3 per cent sulphur, 
we found trouble with both the ash and the sulphur, the lat- 
ter throwing off very disagreeable fumes in the plant.— 
W. P. Barpa. 


Coals running as high as 25 per cent ash, 5 per cent sul- 
phur, have been used with success in cement manufacture.— 
H. G. Barnuurst. 
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The higher the percentage of volatile matter, the better 
the results obtained. In metallurgical furnaces the percent- 
uge of ash and sulphur should always be kept as low as 
possible, although the sulphur in the coal does not appear to 
be absorbed by the iron to any great extent; no more so 
than in the regular hand-fired puddle and heating furnaces. 
The ash eauses very little trouble in furnaces maintaining 
a temperature of 2500 deg. fahr. or over, and in puddle and 
heating furnaces, having waste heat boilers located above 
them, part of the ash is deposited in the combustion cham- 
ber, part in the furnace proper, while the remainder is de- 
posited beneath the boilers. 

Very little ash passes up the stack. The ash deposited in 
the combustion chamber is removed by dropping the bottom 
or through the combustion chamber door. The bottom is 
made up of easily removable grate bars, upon which rests a 
layer of fine ash, which together with the furnace brick 
forms a pasty slag. This slag becomes hard and brittle when 
cool. 

It is possible to remove this pasty slag through the com- 
bustion ehamber door several times a day without difficulty 
and to clean this chamber entirely once a week, by pulling 
out the grate bars. The ash which is carried over the bridge 
wall runs off with the slag and the remainder of the ash is 
deposited under the boiler and removed at the end of each 
week.—-JOHN V. CULLINEY. 


In the cement industry, a coal high in ash may increase the 
formation of clinkers, particularly if the raw materials fed 
to the kiln are deficient in silica. Otherwise, a coal having 
a high percentage of ash causes only a slight inconvenience, 
due to the removal of larger quantities of fine ash from the 
dust settling chambers. In some cases where the ash has a 
low fusing temperature, trouble may be caused by the forma- 
tion of an excessive amount of slag. Generally the presence 
of sulphur in large or small percentages is the cause of a 
great many difficulties. 

Where the coal is used in drying furnaces, such as rotary 
dryers, the presence of sulphur in the coal will cause no ill 
effects, but where powdered coal is used to reduce nickel 
ores, copper ores, ete., especially in the refining end of the 
industry, the question of sulphur in the coal should receive 
careful attention. It has been claimed that if the sulphur in 
the coal is first burned off to the dioxide form SO., there is 
very little danger of it combining with a molten mass of 
metal having a strong affinity for sulphur. If, on 
the other hand, the powdered coal is not supplied with 
the requisite amount of air causing incomplete combustion 
and burning the sulphur to the monoxide form SO, there is 
a great tendency of the sulphur to unite with the molten 
metal, particularly so because it is present in an atmosphere 
of CO and free carbon, and has no chance to take on more 
oxygen. I believe that even where there is great danger of 
sulphur absorption, a furnace can be constructed so that 
little or no sulphur in the coal will unite with the metal in 
the furnace, that is, the sulphur will be burned to sulphur 
dioxide and there will be an oxidizing rather than a reducing 
flame.—W. R. Dunn. 


High ash coal often introduces insurmountable difficulties. 
The ash accumulates so rapidly in the combustion chamber 
and elings so tenaciously to the walls that it is almost im- 
possible to remove it.—W. A. Evans. 
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The presence of sulphur in the coal is important only as 
it affects the material treated in the furnace. In this case a 
coal of low enough sulphur content must be used to keep 
the sulphur content in the finished product below the maxi- 
mum allowed by specification. The relation of the sulphur 
content in the finished product to that in the fuel is about 
the same in the case of pulverized coal as of producer gas.— 


A. W. RayMonp. 


(3) Essentials of Storage Bin for Powdered Fuel—Trou- 
bles from Storage. 

Our storage bins hold about 60 tons of powdered coal 
and are kept practically full all the time. The dust will take 
fire very easily, even a lighted match often being enough 
The 
best way in such a case is to shut off the supply of fresh 
coal and use up what is already in the bin.—J. L. AGNEw. 


to ignite it, but it simply smolders away harmlessly. 


The sides of the storage bins should be of very sharp slope 
in order to have the coal flow freely. It has been apparent 
that more clogging takes place if the moisture is allowed to 
go over 1 per cent than if it is kept below. Probably the 
interior smoothness of the bins has much to do with the coal 
flowing A great deal of moisture will 
form in the first bin in which the coal is stored after drying, 
if the time of storage is long, the moisture often running 
down through the coal and dripping out at the bottom of the 
bin. 


down as required. 


In the bin where the pulverized coal is stored we have 
found by experience that by the end of 96 hours combustion 
is likely to take place; and also that such has oceurred in 
several cases in less than that length of time.—W. P. Barpa. 


It is advisable, in storing large piles of coal, to have the 
coal under roof, with at least two sides of the building open, 
in order to allow part of the moisture to evaporate, thereby 
lessening the work of the dryer. 

Pulverized coal which is damp should never be stored for 
any great length of time, as spontaneous combustion is likely 
to occur. Dry coal can, however, be stored indefinitely. 

All hoppers to hold pulverized coal should be made with 
two sides vertical and the other two sloped, at an angle of 
about 30 deg. with the vertical. This is done to prevent the 
coal from arching. The greater the percentage of moisture 
in the coal, the greater the tendency to arch.—Joun V. 
CULLINEY. 

A good storage bin for powdered coal should be free from 
pockets or corners where the coal is likely to lodge and re- 
main stored for some time. Powdered coal stored for some 
length of time is apt to ignite, due to spontaneous action. 
The bin should be of ample capacity, not too large, 
and should hold coal sufficient for 12 to 18 hours’ use. It 
should be covered with a sheet iron cover to protect the 
feeding mechanism against foreign matter falling into the 
bin and getting into the working parts of the feeder; a 
cover also prevents the accidental introduction of sparks or 
fire. It should by all means be constructed of fire resisting 
material. Sheet iron bins are very serviceable, especially 
when the coal stored is in a dry condition and not allowed 
Wet coal, if it contains a 
large amount of sulphur, generally causes rapid corrosion of 
the sheet metal plates. Dry powdered coal is exceedingly 
hygroseopie and it is necessary that the coal in the bin should 
be kept as free as possible from contact with the atmosphere 
of the room.—W. R. Dunn. 


to absorb moisture from the air. 


ON POWDERED FUEL 

The bin should be of a size to carry over 14 or 16 hours 
without refilling, thus giving plenty of time for such repairs 
as may be required without shutting down the furnace. It 
also permits of operation of grinding plant during the day, 
The 


only trouble that can come from storage of powdered coal 


giving enough storage to carry through night service. 


is spontaneous combustion, when coal is allowed to stand too 
long in bins. Powdered coal should always be kept moving, 
not allowed to stand more than one day in case of a temporary 
shut-down of plant. For any greater length of time, the 
powder should all be drawn out of the bins. Spontaneous 
combustion is more likely to take place with powdered coal 
slack because of the heat accumulated 


A. Evans. 


than with ordinary 
during the grinding. 
The 
‘apacity should be large enough to permit of suflicient coal 


The essentials are proper capacity and shape of bin. 
storage to carry the furnace operation through any shut 
With the 


proper equipment a 24 hour storage is generally suflicient 


down which may occur in the grinding room. 
and absolutely sate. Pulverized coal when properly pre- 
pared has been stored without any occurrence of fire for 
periods of from a week to ten days. Storage tor such a long 
time as this can only be accomplished without fire danger 
if the coal is delivered to the bins in a thoroughly dry con- 
dition and at a comparatively low temperature. 

The bins should be made and kept as airtight as possible. 
A very frequent difficulty experienced in the storage bin is 
a tendency for powdered coal to bridge over at the bin out- 

Such a 
One 


large and successful user of the fuel claims to have elimi- 


let, and consequently stop flowing into the teeder. 
condition is sometimes very hard to overcome. very 
nated this annoyance by a peculiar construction of the bin. 
The ordinary cone shaped hopper is replaced by a trough 
of triangular cross-section and a small conveyor is run di- 
rectly through the coal along the bottom of the trough. 
This conveyor can replace the one generally used to control 
the amount of coal fed to the furnace, and the equipment 
consequently becomes as simple and inexpensive as the one 
previously used—A. W. RayMonp. 


(4) 

Coal as received runs from 4 per cent to 8 per cent mois- 
ture, which should if possible be reduced to 1 per cent or 
This is not an easy matter. 
be ignited on the surface and still not be dry thronghout. 


Necessity for Drying Coal before Grinding. 


less. A small lump of coal may 
Moisture is detrimental because (a) it reduces the capacity 
of the grinders, (b) it tends to pack in the storage bins, 
(c) it lowers the possible attainable temperature, and (d) 
it lessens the efficiency.—J. L. AGNEw. 


It is essential to have the coal dried to at least 1 per cent 
of moisture, both for the ease of pulverizing as well as for 
ease of screening in the pulverizer.—W. P. Barpa. 


Where high temperatures are required, a higher degree can 
be obtained by the use of dried rather than wet coal, as the 
temperature of combustion will decrease with the increased 
percentage of moisture. For instance, a coal containing 3 
per cent moisture, as it frequently does, if passed through 
a drier would give approximately a temperature of 3200 deg. 
fahr. when burned with 25 per cent excess air, whereas the 
same coal containing 10 per cent moisture would give only 
3000 deg. when burned with 25 per cent excess air. In ad- 
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TOPICAL DISCUSSION 
dition to the above, wet coal clogs the sereens of certain 
types of pulverizers considerably, decreasing the output of 
the pulverizers and also affecting its quality. Wet coal will 
stick in bins and in burners. 

Coal should be dried to 1 per cent or less before pulveriz- 
ing, if possible-—H. G. Barnuurst. 


It it is desired to obtain conditions such that the coal will 
ignite instantly, the moisture content should not exeeed one- 
halt of 1 per cent. The coal on its way to the furnace, after 
it has been dried, absorbs additional moisture, and by the 
time it is ready to be used it may contain as much as 0.7 of 
the 1 per cent moisture. Dry coal is desired beeause it ean 
be more intimately mixed with the air and fed more regu- 
larly to the furnace. Wet coal or damp coal will clog the 
feeding mechanism and ejector tubes, and in addition to this, 
it is apt to form coke in the furnace and the furnace tem- 
perature will not be so high as when dry coal is used.—W, R. 
DUNN. 


The necessity for drying coal is controlled by two factors, 
the design of the grinding machine and the capacity of the 
plant. The first factor concerns machines that depend upon 
for the the Where 
screens are used coal must be dried. With moist coal screens 
that upon 
for regulating the fineness of coal have no 
They 


moist coal. 


sereens revulating fineness of coal. 


elog up. Machines depend air separation 


such difficulty. 


do, however, consume more power when grinding 


The other factor, viz. capacity of plant, is 
has 


important as it 
also to do with economy in building a small plant. 
Where but 20 or 30 tons a day are to be used it is possible 
so to select coal as to keep its moisture down to under 5 per 
cent. This can be secured by shipping in boxed cars and 
carrying in dry storage a suflicient quantity to last ten days 
or two weeks. Where large quantities are used and where it 
is impossible to carry enough storage to insure a continuous 
supply of commercially dry coal a dryer is absolutely neces- 
sary. 

It will be argued that there are plants using coal that has 
not been dried. Where this is done in large quantities it 
will be found that the same plant has other furnaces or 
other means of using up the wet coal that comes to the plant 
and is able to select the driest for use in the machines in 
question. The writer has used coal containing 20 per cent 
moisture. Although it is possible to struggle through for a 
short time under this condition, it is so troublesome that it 
Wherever 
undried coal is used it is in the direct delivery system, where 
the coal is fired direct from the pulverizer to the furnace. 
The storage system will not work on moist coal; caking and 
arching of the coal in the bins interrupts the uniformity of 


feed.—W. A. Evans. 


can be put down as a good rule as not possible. 


Burning wet coal introduces moisture or steam into the 
furnace, where its presence is always sure to prove a hin- 
drance to efficient combustion, and consequently prevent the 
attainment of highest economy. 

Coal containing more than 11% per cent of free moisture 
will require more horsepower when being pulverized, and 
the pulverized product will contain a much lower percentage 
of impalpable powder. Therefore, it is axiomatic to say 
that drying the coal will prove economical.—A. W. RayMonp. 
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(5) 

The finer the coal is ground the more complete will be the 
combustion. 


Fineness of Grinding. 


The standard practice of 95 per cent to pass 
through a 100-mesh screen, and 80 to 85 per cent to pass 
through a 200-mesh screen is good practice, and one to which 
we endeavor to adhere.—W. P. Bara. 


It is customary in the cement industry to grind coal to 
such a degree of fineness that 95 per cent will pass through 
a 100-mesh sereen. The finer the coal the greater its mois- 
ture absorbing properties. Fine coal is also more liable to 
spontaneous action than the same coal more coarsely ground. 
—W. R. Dunn. 

Standard practice was for some time to attain a fineness 
such that 90 per cent would pass through a 100-mesh screen. 
This has gradually been inereased to a present standard of 
95 per cent through a 100-mesh sereen; with 80 per cent 
passing a 200-mesh screen. Finer grinding would be very 
desirable except for the much inereased cost for power.— 


W. A. Evans. 


It is generally accepted that coal which contains less than 
100-mesh test 
sieve and less than 82 per cent which will pass a 200-mesh 
sieve cannot be burned with the highest efficiency of com- 
bustion and the greatest economy. 


05 per cent of material which will pass a 


In direct contradiction 
to this is the experience of one of the oldest users of the 
fuel in annealing ovens. In this particular case the coal is 
pulverized so that only 60 per cent will pass a 100-mesh 
sieve and only 37 per cent will pass a 200-mesh sieve. 

It is futile to expect a decrease in the cost of fuel by pul- 
verizing coarser than 95 per cent through the 100-mesh sieve. 
I think it will be agreed that coal must contain no particles 
which will not pass through a 40-mesh sieve, and when this 
requirement is met there will always be at least 95 per cent 
of 100-mesh goods in the finished product. Consequently 
an attempt to pulverize coal so that it will all pass a 40-mesh 
sieve and, at the same time, contain less than 95 per cent 
whieh will pass a 100-mesh sieve, means the addition of spe- 
cial machinery whose maintenance cost is high and there is 
therefore no gain in economy in the preparation of the coal. 
As we cannot reasonably expect a coarse degree of pulveriza- 
tion to show any added efficiency in the furnace over a finer 
degree, there is no hope of obtaining higher economies by 
100-mesh. 
In facet, if the proper equipment is used it will be found 
less expensive to produce a coal containing 95 per cent of 
100-mesh goods and from 82 to 85 per cent of 200-mesh 
goods, than that of any other fineness. 


pulverizing coarser than 95 per cent through a 


As for coal of a higher degree of fineness, we can undoubt- 
edly expect a higher efficiency of combustion and there will 
also be less annoyance from the ash, due to the fact that it 
is in a more finely divided state. To offset this, on the other 
hand, there is the added cost of preparation. 

I believe the only way the question can be answered satis- 
factorily is by experiments with coals of various finenesses. 
From my knowledge of pulverizing costs I can say that the 
degree of pulverization can be absolutely limited to 98 per 
cent through the 200-mesh. This degree can be attained 
with a comparatively small increase in preparation, but to 
go further increases the cost excessively. All that we know 
at present are the limits of the field in which to investigate, 
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362 TOPICAL DISCUSSION 
viz: the coal must contain not less than 95 per cent through 
the 100-mesh and not more than 98 per cent through the 
200-mesh.—A. W. RayMOND. 


(6) Cost of Grinding and Handling, including Upkeep. 

The average cost of grinding and delivering the coal to 
the furnaces is about 45 cents per ton, and is made up as 
follows: 


Cents 

45.0 


These figures represent an average for 5 months from 
April to August, 1913. 

The item “repairs” includes all repairs to coal crackers, 
grinders, conveyors, fans, belting, etc. Three men on one 
10-hour shift are all that are necessary to prepare and de- 
liver 70 or 80 tons to the furnace per day.—J. L. AGnew. 


The cost depends largely upon the amount of coal oper- 
ated upon. Based on 200 tons in 24 hours, with coal at $1 per 
ton and same coal being used for power, the expense would 
be, fuel for drying the coal, power, labor, supplies and re- 
pairs, approximately 17.6 cents per ton; at $2, about 21.8 
cents per ton; at $3, about 23.9 cents per ton. These figures, 
however, do not include overhead charges, interest or depre- 
ciation—in other words, the cost of preparing depends upon 
the quantity to be pulverized, as well as cost of labor, power, 
ete., eutering into the operation. Repairs to driers and mills 
should not exceed 2 cents per ton, and the power required 
for this operation should not exceed 17-h.p-hr. per ton.— 
H. G. Barnuurst. 


In a mill having an average output of 150 tons per day, 
the cost is about 40 cents per ton.—JoHN V. CULLINEY. 


The figures given herewith are taken from a plant capable 
of grinding 140 tons of coal per 24 hours. As the plant 
was built about 16 years ago, it contains more refinements and 
larger storage space than is considered good practice to-day. 
The average cost per ton of 2000 lb. for pulverizing coal 
(including interest on investment, 5 per cent for deprecia- 
tion and 5 per cent for obsolescence) is: 


Cents 

Labor operating department..... 15.64 
Labor repairs to machinery... . 1.70 
Supplies, fuel, power, etc.. ...... 14.71 
1.25 
37.84 

Interest, depreciation and obsolescence............ 1.35 


—W. R. Duyy. 
The cost is very well established to be between 40 and 45 
cents per ton, which, when replacing mine run coal, is just 
about taken care of by the possible use of slack coal at 50 
cents per ton less than what the mine run costs—W. A. 
Evans. 


The cost will vary with the local plant conditions, the 
variable faetor being, of course, the cost of handling. The 
pulverizing cost naturally depends upon the degree of pul- 
verization, and the amount of coal consumed. Table 1 will 


ON POWDERED FUEL 


give some idea of how this cost varies, and form a basis on 
which to caleulate this cost for any particular installation. 
The figures are applicable only when the Raymond system 


TABLE 1 COST FOR PULVERIZING COAL 


= = 
2 H.p. at Kw-Hr. | LABOR 
£ £ = 
ga me lee | As 
| rE Se | | 24 3 
£2 28 | 22 | | | | & 

1 | 99 | 95 45 | 45.0 | 225 1 20.0 | 6.66 | 49 16 

2 | 95 | 82 45 | 22.5 (11.25 1 10.0 | 3.33 24 58 

2 | 99 | 9% 60 | 300 15.0 1 10.0 | 3.40 | 28.40 

3 | | 82 60 | 200 100 1 6.66 | 2.22 | 20.88 

3 | 99 | 95 8 | 280 14.0 1 | 6.66| 2.40 | 23.06 

4 | 9% | 82 75 | 19.0 95 1 | 5.0 | 1.70 | 16.20 

5 | 9 | 82 8 170 85 1 4.0 | 1.20 | 13.70 

6 | 99 9 170 | 28.0 14.0 1 3.38} 2.40 | 19.73 

10 | 9 | 82 170 | 170 2.0 | 1.200 

10 | 99 | 9 255 | 28.0 /14.0 2 4.0 | 2.40 | 20.40 

25 95 | 82 425, 17.0 8.5 2 1.7 | 1.20 | 11.40 

25 | 99 9 680 2.0 14.0 3 24 | 2.40 18.80 

! 


of pulverizing is used, and are obtained 
ence covering a period of over five -years. 


from actual experi- 
Table 2, from the 


TABLE 2 FUEL REQUIRED TO DRY COAL 


Coat Consumep Hr. 1n Le. OperatinG Drrer * 


Percentage 
of Moisture 160 230 350 540 715 900 
in Coal 
| 
Capacity of Drier in Tons per Hr. 
1 19.5 28.1 43.2 66.8 88.9 113.0 
2 15.3 25.1 33.5 51.8 68.9 86.3 
3 12.7 18.2 27.5 42.4 56.4 70.6 
4 10.7 15.5 23.6 36.4 48.4 60.6 
5 9.3 13.3 20.3 31.3 41.6 52.2 
6 8.1 11.7 .2 27.4 36.4 45.7 
7 7.2 10.4 15.7 24.1 32.1 | 40.2 
Ss 6.5 9.4 14.3 22.0 29.3 36.7 
9 5.9 8.5 12.8 19.8 26.4 33.0 
10 5.4 7.8 11.8 18.4 24.4 30.4 
ll 5.0 7a 10.8 16.7 22.2 27.8 
12 4.6 6.6 10.0 15.3 20.2 25.2 
13 4.2 6.1 9.3 14.4 18.9 24.0 
14 3.9 5.7 8.6 13.3 | 17.7 21.9 
15 i 5.3 8.0 12.3 | 16.3 20.2 


*Coal to have 14,000 B.t u. per lb. 


Ruggles-Coles Engineering Company, will be of service in 
caleulating drying costs.—A. W. Raymonp. 


(7) Danger from Particles of Dust Floating in Air. 

The grinders, conveyors and bins are all enclosed and 
very little dust eseapes. We have used open fires continu- 
ously in the building where the grinding is done and never 
have had an explosion or an accident of any kind due to 
dust in the atmosphere.—J. L. AGNEw. 


There is a real danger from dust and particles of pow- 
dered coal suspended in the air. Consequently, we have 
the building in which the pulverizing is done largely open 
at the bottom and open louvers at the top. Also we make 
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it a practice to keep the plant clean and free from aceumu- 
lations of loose dust._W. P. Barna. 


Only when floating or mixed with air will pulverized coal 
puff or explode, if ignited. Explode, however, is too strong 
a term to use unless large quantities are involved, in which 
case the progressive rise in temperature and heat during the 
puff might increase the violence to an explosive degree. Coal 
being carried from pulverizers to bins should be handled as 
a solid material, and not in the shape of a dust cloud, since 
any firing would engage the whole volume. Aerial propul- 
sion for transfer of pulverized coal should be avoided. 
Leakage should be guarded against to prevent dirt or ac- 
eumulations in inaccessible places. Explosions occur only 
when the mixture of air suffices to supply oxygen enough to 
support combustion. A pulverized coal plant should 
be kept clean, and it can be. Acecumulations of 
dust on beams or projections when dislodged may 
in theory make an explosive mixture with the air, but 
such explosions are rare. Explosion is only combustion in- 
tensified. It is only through carelessness that any explosion 
in the handling of pulverized coal could oceur to-day.- 
H. G. BarRnuurst. 


Coal dust is dangerous only in a suspended state, that is, 
surrounded by sufficient air to cause instant deflagration. 
Many pulverized coal plants will be found that have coal 
dust floating around in the air, surrounding the pulverizing 
machinery. There is, however, no excuse for this, since a 
pulverizing equipment may be compared to a steam plant. 
If a steam boiler can be kept from leaking under a pressure 
of 100 lb., surely a pulverizer can, in which there is prac- 
tically no pressure.—-JoHN V. CULLINEY. 


There is always danger of fire from particles of any kind 
of dust floating in air in a confined space if fire or sparks 
are allowed in that space. In the case of powdered coal there 
is no exeuse for dust escaping except in the grinding room, 
which is bound to be somewhat dirty. The protection is to 
insist upon no sparks or fire in the grinding room. Danger 
is absolutely eliminated in the case of the direct delivery 
system, for there is then no powder escaping—W. A. 
Evans. 


Coal dust which is finer than 200 mesh may be considered 
extremely dangerous. Very finely divided particles are liable 
to ignite spontaneously. Coals which ignite below a tem- 
perature of 150 degrees within one hour are dangerous. 
The liability of coal dust to ignite spontaneously is depend- 
ent upon the temperature of self-ignition and the time of 
heating necessary, and increases in proportion to the pereent- 
age of oxygen present in the coal. 

Coal dust which is suspended in air ean be ignited without 
the presence of inflammable gas. The presence of moisture 
lessens the probability of explosion, and therefore dust 
should be dampened with sprinklers. The use of stone dust 
has been suggested for preventing explosions, but its value 
in that connection is doubtful. 

Coal dust containing any uncombined hard material, like 
siliea, is very dangerous to health, usually producing a fibroid 
condition of the lungs. 

In plants where particles of dust are floating about in the 
air, it is advisable therefore to use the following precautions: 


ON POWDERED FUEL 363 
(a) permit no smoking; (b) prohibit the use of matches; 
(c) do not use naked gas lights; (d) have no girders or open 
beams on which the coal dust may possibly lodge; (e) use 
only incandescent electric lamps for lighting; (f) be sure 
that all machinery, floors and walls are kept clean; (g) pre- 
vent the escape of dust by providing a short and direct dis- 
charge to the furnace.—Epwarp J. KE.uey. 


When the atmosphere in the grinding room becomes im- 
pregnated with coal dust, a condition exists which may re- 
sult in a very serious explosion. This is, practically, the 
only danger which oceurs in the handling of pulverized coal, 
and it is entirely eliminated by the use of equipment in 
which the coal can be prepared without allowing any dust 
to leak out and permeate the surrounding air in the room. 
—A. W. Raymonp. 


(8) Essentials of a Good Burner. 

Only one type of burner (Fig. 1) has been used here. It 
has given no trouble. One essential of a good burner is that 
the air and coal supply must be under complete control.— 
J. L. AGNEW. 


The essentials are regular feed, ease and accuracy of con- 
trol and regulation. If these requirements are complied with 
in any type of burner, it should be satisfactory.—W. P. 
Bara. 


In a good burner there should be absolute control over the 
flow of pulverized coal to the burner pipe. In other words, 
it should be so devised that the clearance around the screw, 
or other means of transfer, should be small, so as to prevent 
any rush of coal by vacuum formed by blower in the 
burner pipe. Pulverized coal when mixed with air flows 
easily. There are a large number of so called burners on 
the market which are in reality fuel controllers, and do not 
have anything to do with the actual burning of the fuel. 
In other words, they feed the coal to the burner pipe only. 
In burning pulverized coal absolute control must be had for 
regulating the quantity of air for controlling the tempera- 
tures.—H. G. BaRNHURsT. 


The essentials are: (a) uniform feed, (b) proper mixture 
of coal and air, (c) proper control; ability to vary coal 
supply, (d) simplicity, (e) compactness.—JoHn V. CuL- 
LINEY. 


A burner should thoroughly and intimately mix the coal 
dust and air. It should feed the coal with absolute uniform- 
ity to the furnace to which it is attached, and be so con- 
structed that the air or blast pressure can be varied to su‘t 
the requirements. The feeding mechanism should respoud 
instantly to the demands made upon it by the operator. All 
parts should be accessible and readily removed for re- 
newals and repairs with very little inconvenience, and be so 
proportioned that the velocity of the coal leaving the burner 
is not excessive. It should be capable of burning coal to 
within one-half inch of the extreme burner tip, and so con- 
structed that the tendency to choke up is reduced to a mini- 
mum. Should such choking oceur, due to the accidental in- 
troduction of foreign matter, it should be so made that it can 
be readily cleaned.—W. R. Dunn. 


The difficulties in the way of obtaining easily the essentials 
of uniform feed of both air and coal, thorough mixture of the 
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364 TOPICAL DISCUSSION 
two, and exact control of both. have been the tendeney of 
powdered coal to tlush through any opening uncontrolled 
and also to eake and to arch ever at the point of delivery 
from storage hopper. 

There two general 
types of 
burners in use, 
pending upon varying the 
speed of a screw conveyor 
for control, and upon vary- 
ing the quantity of air 
blowing through a stream 
or small mass of coal. The 
control by air rather than 
that by serew conveyor of 


are 
powdered — coal 


those de- 


variable speed seems to 
work out to the best ad- 
vantage, for the reason that 
any speed control is bound . 


to be bungling and not of 
4 


sufficiently fine adjustment. 


On the other hand, the ¢ 


ON POWDERED FUEL 


ditional amount of air for combustion, usually at about '5 
oz. pressure —W. A. Evans. 


The supply of coal should be absolutely under control, 
und the mixture of the coal 
in the air uniform. There 
are several burners on the 
market which very nearly 
approximate result. 
They are either of the sy- 
phon type, in which the 


this 


supply of coal is controlled 
by air suction, or the more 
common screw conveyor 
type, which depends on a 
variable 
regulating the flow of the 


speed serew for 


coal. One very good way 
mix- 
ture of coal and air is to 
make the 
through a horizontal pipe 
. at least 6 or 8 ft. long, 


to insure a uniform 


eoal dust travel 


falling stream of coal or 

forcing its way through a small body of the powder has a 
constant ratio to the air blast and is subject to very exact 
control. A good burner should operate within 3 per cent 
variation in quantity of coal for any number of 5-minute 


quantity of powder picked . 
up by a blast of air in — 
passing through either a Fic. 1 


BURNER USED IN METALLURGICAL FURNACE 


wl 
after it is fed to the air and 
before entering the furnace. 
—A. W. RayMmonp. 


(9) What Troubles are Likely to Occur with Burners in 
General. 


Stoppage of the burner is the usual trouble, whieh may 


intervals for any given setting of its controller. In the case 
of the air control the blast of air operating at about 6 oz. 
picks up more coal than it ean furnish with oxygen, so addi- 
tional air has to be provided for combustion. Two air blasts 
are therefore provided, one for control of the quantity of 
coal and for conveying the coal from the controller up to 
the furnace. The other air supply is for furnishing the ad- 


Fre. 2. INstpE oF REVERBERATORY FURNACE, LOOKING TOWARD THE END AT WHICH THE PULVERIZED Coat Is INTRODUCED 


be caused by small foreign substances and oceasionally by 
the powdered coal arching over in the bin, due possibly to 
dampness or other causes, and then falling with a sudden 
avalanche effect, which, in some eases, stops the burner or 
blows a fuse, and in other cases sends a heavy charge into 
the furnace and the powdered coal which cannot be burned 
forms a heavy smoke.—W. P. Barpa. 
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No troubles should occur with burners of proper design, 
if the coal is thoroughly dried and properly pulverized. 
H. G. 


The troubles found with most controllers are: (a) inability 
to mix coal and air properly, (/) irregular feed, (¢) choking 
up, and (d) inability to control for small furnace use. 
Joun V. CULLINEY. 


Intermittent and non-uniformity of feed, choking up of 
air passages, the accumulation of foreign matter in the in- 
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the use of a direct delivery system where the control is all 
obtained, while the coal is still coarse and easily kept within 
control. Burners must be placed within 5 ft. of the furnace, 
for otherwise the coal will settle out from the air and the 
thorough mixture will be disturbed.—W. A. Evans. 


(10) Special Features Required in Powdered Fuel Fur- 


nace. 


No special features need be introduced in a reverberatory 


furnace to make it suitable for use with pulverized coal. All 
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} 


terior of the burner to high velocity through the discharge 
pipes, and unreliability of feeding device are troubles that 
may occur. W. R. Dunn. 

The troubles that can eecur are interruptions from caking 
and arching over as previously spoken of and the flushing ot 
coal through openings and along serew conveyors if used as 


part of the burner. Uniformity of feed is also possible of 
some improvement. These troubles are entirely overcome by 


that Is necessary is to omit tne usual firebox entirely and ex- 


tend the bridge wall to the root. Holes of course will be left 
in the bridge wall for the burners to pass through. Fig. 2 
shows the inside of a reverberatory furnace before being 
put imte commission looking towards the end at which the 
J. L. AGNew. 


pulverized coal is introduced. 


A proper distance between the burner and a bridge wall 
must be designed so that combustion may take place, the 
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flame impinging upon the wall, causing a certain amount of 
the ash to settle and giving a proper distribution of heat on 
the hearth.—N. P. Barba. 


Fig. 3 shows a design of a furnace for burning low volatile, 
high fixed carbon fuels, such as anthracite, coke breeze, ete. 
In these furnaces the blast passes down and up and over an 
arch, thereby surrounding the incoming fuel and supplying 
the heat necessary for the initial ignition. The main prin- 
ciple governing the design of a furnace for burning pulver- 
ized coal is that it must be sufficiently large so that coal 
when burned will have time to complete its combustion be- 
fore leaving the furnace. In open hearth furnace practice the 
same condition exists as in rotary kilns, i.e., the fuel must be 
projected and burned directly over the bath. Furnaces to 
suit fuel requirements for any individual operation should 
be designed especially for the work in question—H. G. 
BARN HURST. 


In puddle, heating, forge and like furnaces the high pres- 
sure air blast should range between 4 and 6 oz., the 
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Fic. 5 Brick Arcu vUsep TO Protect THE FLAME FROM THE 
Errect oF THE BoILeR SURFACE 


low pressure or volume air blast from 1 to 2 oz. In all 
experimental cases with air blast it is always advisable to 
begin with too low a pressure and slightly increase it until 
proper pressure is reached, rather than ta begin with a high 
pressure and work down.—Joun V. CULLINEY. 


Fig. 4 shows a burner fitted to a reverberatory furnace. 
No change whatever was made in the furnace, which was 
formerly heated with oil. The burner tip is so constructed 
that it is readily adjustable. In starting the furnace, the 
burner tip is extended the full length and after ignition 
takes place it is gradually withdrawn so that it becomes 
flush with the inner wall.—W. R. Dunn. 


(Topics 10 and 12) The essential features for furnaces for 
burning powdered fuel are emphasized in the almost com- 
plete failure to secure success under boilers. The essentials 
are temperature of at least 2000 deg. fahr. throughout the 
entire furnace and large combustion space, at least 1 eu. ft. 
for each 3 lb. of coal burned per hour. The boiler is essen- 
tially a low temperature furnace, seldom going over 1500 
deg. fahr., and in no ease does it offer sufficient space for 
combustion out of contact with the boiler surface. An idea 
of the space required under a water tube boiler running at 
modern high ratings is indicated in Fig. 4. This is almost 
prohibitive, at least for application to any existing plants. 
It would require a vertical height of 15 ft. below the tubes of 
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a 600-h.p. boiler subject to peak loads of 1800 h.p.  Hori- 
zontal return tubular boilers do not present the difficulty 
of space, for they are seldom run over rating, and are nor- 
mally built with much larger combustion space throughout 
their entire length than is provided with any water tube 
boiler. They do, however, give difliculty from low tempera- 
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Fia 6 Dersicn or Furnace Borrom SLANTING DOWN 
TOWARDS THE FRONT 


ture. The writer has never been able to maintain combus- 
tion under a return tubular boiler except with the assistance 
of an auxiliary igniting flame, and after protecting the flame 
from the chilling effect of the boiler surface by a brick 
areh, run a eonsiderable distance back, as shown in Fig. 5. 
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Fic.7 Desicn or FuRNACE witH Movine Side or Cuatn GRATE 


The auxiliary igniting flame was arranged as also shown in 
Fig. 5. It consisted of two 15-in. square steel boxes 5 ft. long, 
firebrick lined, leaving about 12 in. square inside, and with 
grate bars in the bottom. These were set directly in front of 
the two fire doors of the boiler. Coal fire carried on the grates 
provided the necessary igniting flame and was assisted by 
the close contact of the white-hot brick lining. 

Aside from the difficulty of building combustion space 
large enough and of maintaining combustion, there is little 
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368 TOPICAL DISCUSSION 
chanee for powdered coal coming into general use on water 
tube boilers. The cost of grinding eats up any possible 
small advantage in economy it might have over the very 
efficient operation of mechanical stokers. The 95 to 97 per 
cent furnace eflicieney of the latter leaves a very narrow 
margin for improvement; certainly not as much as 40 cents, 
the cost of grinding each ton of coal. That leaves the field 
for powdered fuel boiler firing possibly to horizontal return 
tubular boilers and to a few special conditions, such as waste 
fuel or a tuel that cannot be burned on stokers. The writer 
suggests a use that, to his knowledge, has not been tried. 
It is for peak loads. Powdered coal used only to supply the 
peak loads to heavily overloaded boilers would very much 
inerease their capacity, would be in use only for short peri- 
ods, would be entirely automatic, and might prove of untold 
values. 

The writer's experience has been that wherever ash has a 
chance to deposit within the range of the flame slag will 
form and be of such a sticky, sluggish nature that it is next 
to impossible to remove it. It chills solid at 1800 deg., or 
as soon as any door is opened to break it out. It is suggested 
that a flux be used to make the slag more fluid, so as to allow 
it to be drawn off in its fluid state. 
tried this. 


The writer has never 


A patent was recently issued to a Pittsburg concern in- 
volving the use of a furnace with its bottom side slanting 
down towards the front, as shown in Fig. 6. <A narrow 
opening at the lower end is supposed to permit of drawing 
off ash at the same rate as it deposits on the top surface. 
This does, however, crust over on the top surface so that the 
slag does not settle down to the opening. 

Another patent recently applied for involves the use of 
a moving side to a furnace such as a horizontal chain grate 
(Fig. 7), this grate to carry a bed of cinders or other pro- 
tecting material, or even coal. Such a moving side or chain 
grate would continually remove the slag as fast as deposited, 
and the protecting material would form a very desirable 
indestructible impinging surface. This same arrangement 
with coal used on grate would permit of the coarser grinding 
of the powdered coal, allowing the coarse particles to drop 
to the grate, thus insuring complete combustion regardless 
of the coarser grinding.—W. A. Evans. 

(11) Air Pressure Used and Effect of Stack Draft on Com- 
bustion. 

Coal is blown into the furnace with air under 6 or 8 oz. 
pressure. This air supplies only a portion of the oxygen 
required for combustion, the balance being drawn into the 
furnace through openings around or near the burners. The 
amount of air drawn through these openings is dependent 
entirely on their area and the stack draft. The latter should 
be under control by means of a damper. The draft, at the 
throat of the furnace where the area is about 40 sq. ft., is 
usually between 1.0 and 1.2 in. of water.—J. L. AGnew. 


The air for atomizing the powdered coal which we have 
used is under 4 to 6 oz. pressure, but we believe this to be 
higher than desirable. The air for combustion should be 
very low in volume. The stack apparently has little effect 
upon the combustion but is necessary to carry off ash and 
gases.—W. P. Bara. 


In furnaces and in the pipes conveying the coal from the 
bins, there should be at all times a slight vacuum maintained 
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so that leakage of any sort should be toward and not from 
the turnace. In other words stack draft should be sufficient 
to ereate a slight vacuum in furnace, and strong enough to 
take care of all the products of combustion.-H. G. 
HURST. 


sARN- 


It has been found advisable to place a damper on the top 
of the stack, keeping it almost closed during heating. With 
the damper in this position and the neck of the furnace as 
small as allowable, one obtains the best results with pulver- 
ized coal, both in the saving of coal and inerease of furnace 
temperature and decrease of stack temperature. 
CULLINEY. 


Joun V. 


The air pressure generally used is 7 to 9 oz. per sq. in. 
The stack draft should be suflicient to carry off the products 
of combustion.-W. R. DuNN. 

There is a great variance of opinion among the various 
users of powdered coal as to whether it should be fed into 
the furnace by air from an ordinary blower or by com 
pressed air. There is no doubt that the use of a blast air 
increases the life of a furnace, as the flame does not seem 
to be quite so intense, and because of the lower velocity a 
more complete combustion is obtained in the combustion 
chamber. Those who uphold the use of compressed air say 
that it is necessary in order to obtain high temperatures.— 
A. W. RayMonp. 


(12) 

The ash deposits largely in the combustion chamber, tall- 
ing in front of the bridge wall as well as the hearth and tail 
of a continuous furnace. 


Experiences with Ash or Slag in Furnace. 


The slag is formed on the hearth 
which is removed by bars without a great deal of trouble. 
In the tail of the furnace the ash is soft and is usually pulled 
out with bent bars._-W. P. Barra. 


The ash from the ordinary anthracite does not slag even 
though allowed to remain in the furnace for a considerable 
length of time. Soft coal ash, however, in most cases will 
settle down to the bottom of the furnace and if allowed to 
remain too long wiil slag. 


g. Most of the ash where pulverized 
coal is burned, passes out to the air above the chimney; 
what remains, if promptly removed, is easily cared for.— 


H. G. BaRNHURST. 


In regard to ash trouble, it might be said that only in fur- 
naces operating at a temperature of 2000 deg. fahr. or less, 
is there any trouble of this kind. This difficulty is overcome 
by placing hoods over the door of the furnaces and connect- 
ing them to a suction fan which deposits the ash into a col- 


lector of the cyclone separator type.—Joun V. CULLINeY. 


In the portland cement industry the formation of slag in 
the furnaces is unknown. The ash is generally collected in 
a dust chamber in the rear housing of the kiln —W. R. 
DUNN. 
(13) What Temperatures are Maintained in Furnaces— 
Influence of Temperature on Formation of Slag. 

The working temperature of the furnace at its hottest 
part is about 2800 deg. fahr. This could be readily in- 
creased if desired, but the brickwork of the furnace would 
then suffer too severely. When working at the above tem- 
perature from 5 to 6 tons of material are smelted by 1 ton of 
coal. The kind of slag formed is determined by the nature 
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of the charge and should preferably run about 33 per cent 
to 35 per cent silica. Such a slag will flow from the fur- 
nace perfectly liquid at the prevailing temperature and also 
allow of a good separation from the matte.—J. L. AGNew. 


Furnace temperatures can be controlled from 1800 to 3500 
deg. fahr. If the air is preheated, there is no doubt but that 
considerably lower temperatures can be readily controlled, 
provided the temperature of furnace is above the kindling 
temperatures of the fuel. Slag is formed more easily with 
high temperatures than with low. Hence with thorough con- 
trol of the burning mixture, serious results can be avoided. 


—H. G. BaRNHURST. 


The highest temperature in a rotary cement kiln is approx- 
imately 2600 deg. tahr. Temperatures high enough to melt 
nickel readily have been obtained with pulverized coal in 
reverberatory furnaces.—W. R. Duny. 

(14) Experience with Checkerwork in Metallurgical Fur- 
naces. 

None is used here, but the waste heat is utilized for gen- 
erating steam in a boiler set in the flue. It is estimated that 
about 500 h.p. could be obtained in this way trom the waste 
heat of one furnace when burning about 70 tons per day.— 


J. L. AGNEW. 


In regard to this item the only furnaces which we have 
had experience with, where checkerwork would enter into 
the construction, are those in connection with open-hearth 
furnaces, and it has been found that no serious trouble arose 
with the checkerwork or baffle walls. Checkerwork should 
be that there is horizontal or level 
places on which the ash could settle. We have not heard 
of any serious complaints with checkerwork—in tact, we 


so designed no 


know of one open-hearth furnace where 152 
heats were obtained before furnace brick work 


consecutive 
necessitated 
shutting down for repairs, and there was no serious closing 
up of the checkerwork. The furnace brick work gave out 
&. 


before the checkerwork was choked up in any way. 
BarNHURST. 


In small singeing furnaces, a system of checkerwork acted 
as a bar to complete combustion and resulted in the forma- 
tion of a considerable quantity of coke —W. R. Dunn. 
(15) Life of Furnace as Compared with Furnaces using 
Other Fuels. 

The life of a reverberatory furnace is not adversely af- 
fected by the use of pulverized coal. As a matter of fact it 
is probably prolonged. On accouni of the uniformity of the 
heat, the contractions and expansions, which are unavoidable 
when grate firing is used, are done away with completely 
and consequently the furnace is much more likely to have 
a long life.—J. L. AGNew. 


It is our opinion, without definite data to substantiate it, 
that the life of a furnace running with powdered coal is 
greater than that of a furnace using oil. We may safely say 
at least that the use of powdered coal does not appear notice- 
ably to injure the furnace.—W. P. Barsa. 


The life of furnaces using pulverized coal naturally de- 
pends upon the type of furnace. Rotary kilns using pul- 
verized coal, where the heat is being carried out with the out- 
going clinker and is not cumulative in its effect, have linings 
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which last from 8 months to 16 months; the lining, however, 
is subject to erosion by raw materials and clinker. The life 
of furnaces using pulverized coal is equal to that of hand- 
fired or oil-fired furnaces. With proper furnace control and 
using pulverized coal properly prepared the brick work 
should last just as long as when using any other kind of 
fuel.—-H. G. BarNnuvrst. 


The life of the furnace is about the same as the life of a 
furnace using fuel oil. I have known of cases where rotary 
kilns in the portland cement industry have retained their 
original lining for a period exceeding 26 months.—W. R. 
DUNN. 

Pulverized coal furnaces operated at low air pressures will 
last longer than the ordinary hand-fired furnaces. By using 
too high air-pressure the bridge wall and roof of the furnace 
are destroyed and also the furnace waste is increased.—JOHN 
V. CULLINFY. 

(16) Items of Expense or Economy in the Plant as a 
Whole, due to Use of Powdered Fuel. 

The main item of expense in the use of pulverized coal is 
the installation of the necessary plant for grinding the coal 
and distributing the dust to the points where it is to be 
burned. Next to this would come the power required and the 
repairs. 

To offset these items of expense the labor required is less 
with dust firing than with the usual method. The latter 
would require at least double the number of men and the 
work would be of a much more trying kind. There would 
also be a considerable amount of ash and clinker to dispose 
of each day and an unavoidable loss of partly burned coal 
would occur in this material. 

The great advantage, however, of pulverized coal firing 
is in the efficiency. The heat is uniform and under perfect 
control, the combustion is complete and takes place where it 
will do most good, but above all there is no delay for grating 
with an accompanying drop in temperature. The furnace is 
always working, and working at a uniform rate, both of 
which points are essential to efficiency.—J. L. AGNEW. 


Under the maximum production in a powdered coal instal- 
lation it is probable that a good economy can be obtained. 
In our own case, on account of slackness in manufacture for 
which the powdered coal plant was installed, we have been 
unable to run economically or get any data on what we may 
expect under the best conditions.—W. P. Barpa. 


The economy of an installation for preparing pulverized 
coal as a fuel naturally depends upon the price of other fuels 
obtainable. The economy, however, obtained in the use of 
pulverized coal as against hand-fired furnaces in certain 
types of furnaces is remarkable. 

In furnaces for heating billets, from 20 to 25 per cent has 
been saved; in open-hearth furnaces in comparison with 
producers, from 30 to 40 per cent; in puddling furnaces, 
from 33 to 50 per cent; in heating and bushelling furnaces, 
20 to 25 per cent. These figures are authentic and can be 
verified. The principal items of expense are naturally the 
cost of preparing pulverized coal. The advisability of mak- 
ing a pulverized coal installation naturally depends on 
whether the saving obtained by increased efficiency of burn- 
ing will overcome the additional cost of preparing the fuel. 
—H. G. Barnuvrst. 
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The saving by the use of pulverized coal is made up large- 
lv ot (@) practically perfect combustion, (b) no handling of 
coal or ash (c) no poking or clinkering, and (d) constant 
and uniform heat, resembling a gas fire and as easily con- 
trolled. 

One other item which might be mentioned is the use of 
preheated air. By passing preheated air into a furnace at, 
say 600 deg. falr., the number of B.t.u. required to heat this 
air, in the combustion chamber, from room temperature to 
600 deg. fahr. is saved. The saving is not made up of this item 
That is 
(a) more heats per hour, (b) higher furnace temperature, 
(c) uniform temperature, (d) less ash deposited on hearth 
of furnace. 


alone but also by the increase of furnace efliciency. 


In furnaces having waste heat horizontal boilers above 
them, wrought-iron pipes are placed in the boiler setting 
underneath the boiler. This robs the boiler of very little heat 
and at the same time causes a saving of about 15 per cent 
in the amount of coal used. 

in small furnaces the pre-heated pipes are placed under- 
neath hearth, 

The American Lron & Steel Manutacturing Company have 
forging furnaces operated daily for the last nine years on 
pulverized coal. These furnaces range in size from 20 in. by 36 
in. to 7 ft. by 16 ft., and are used for heating bolt, nut, spike 
and rivet bars and also for puddling, bushelling and heating. 
Drop forge for both small and large hammers. 

Operating under normal conditions, we use about 260 tons 
(gross) of pulverized coal per day.—Joun V. CULLINEY. 


The chief item of economy in the use of powdered coal 
is the enormous saving effected as compared to the use of 
fuel oil. Another item of economy is the saving, due to a 
large elimination of labor expense. 

Another great saving is effected, due to the perfect com- 
bustion of the coal. There are no unburned clinkers—the 
chief item of expense is the cost for power in grinding the 
coal.— W. R. DuNN. 

DISCUSSION 

A. G. Curistie: Referring to the boiler shown in Fig. 8, 
I was in England about four years ago and had the pleasure 
of seeing one of the first units of this type in operation. 
During a visit there last year I went out again to see the 
same plant, and they reported quite favorably on the instal- 
lation. It was the works of the makers themselves, where the 
boiler had been in practically continuous service under ordi- 
nary operating conditions in connection with their plant, 
supplying steam to the engines of their plant and also for 
their test floor. 

While at the plant I asked the fireman to shovel out some 
of the ash which was dripping down into the ash pit and 
1 brought some of it away as an exhibit to those here who 
would be interested in that boiler. The ash comes down as 
a slag from the brick and is shoveled out in the form of small 
drippings from the lining of the furnace. It does not seem 
to form any solid mass, and is easily broken up with a shovel. 
The operators reported very favorably in regard to opera- 
tion and economy. It required very little care to keep the 
plant in operation and very little attendance from the fire- 
man. 

These boilers are used quite largely in South Africa, where 
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they have a coal which dusts badly after it is mined. Many 
of the coals in the Canadian West have the same character- 
istics. They are not coking coals and disintegrate as soon 
as they are exposed to the air, due largely to the heavy rock 
pressure to which they have been subjected. It may be that 
this boiler will be applicable to that type of coal, i.e., one 
which does not coke and which powders badly on exposure 
to air, 


CGirorGe EK. Prisrerer: | have had some experience in thie 
use of oil to take care of peak loads for central station work. 
Peak loads are, as is well known, not like normal loads, an | 
it is often very hard to handle them, particularly when a 
certain equipment is more or less limited in eapacity. A 
peak load is the source of high maintenance cost because o! 
the extra boiler equipment necessary, and also high oper 
ating cost because of the banked fires which have to be 
maintained. It is easily the hardest part of your boiler room 
work to handle, and it might be possible, under certain con- 
ditions, that pulverized fuel will be able to take care of these 
peak loads without extra boiler equipment, or without los< 
of coal due to banking. 

The use of powdered coal is, I believe, more or less au 
experiment; there have been only about ten or twelve cases 
in which pulverized coal experiments have been tried out, 
and in most all of these cases, the relative etliciency, as com- 
pared to the best modern boiler practice, has only been in- 
creased 10 per cent gross, or a net increase of 15 per cent. 
The other points, however, in regard to maintenance, adap- 
tability and convenience of powdered fuel, do not recom- 
mend it for every condition, and consequently stokers will 
probably maintain the place they have always held. For 
peak loads, it might be possible to utilize powdered fuel to 
tide over for a couple of hours, and the extra cost of equip- 
ment might be low as compared to the reduced fuel cost that 
might result while taking care of these peak loads. If we 
could get a stoker which would run continuously for 24 
hours at a uniform rate, and would not have to be handled 
or disturbed, we could increase the efficiency to a consider- 
able extent, probably 3 or 4 per cent, and if we could use 
pulverized fuel to tide us over peak loads, it might be pos- 
sible to reduce the coal cost per kw. hour very considerably. 

Powdered fuel in connection with locomotives has been 
practically untried. I know of one case where it was tried, 
but was very soon abandoned, the results obtained being not 
worthy of any further expenditure of money. The greatest 
trouble was that the grates would become clogged in a very 
short space of time, so that the feeding of coal had to be 
discontinued, and the steam pressure would consequently 
drop. 


L. E. Osporne: As a large number of the members attend- 
ing the Spring Meeting observed the working of the Street 
locomotive stoker on Burlington locomotive No. 6001 at 
Grand Crossing, Wis., I wish to suggest that with this 
stoker firing coal containing a considerable percentage of 
fine coal and coal dust, we have a condition to some extent 
similar to the burning of powdered fuel. As was seen, this 
machine blows the coal over the grate area with three jets. 
The very finest coal is burned in suspension and does not 
reach the grates. This stoker can successfully fire coals 
containing a large percentage of very fine coal and which 
cannot be successfully fired with the shovel. 
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DISCUSSION, 


Cuas. Waiting Baker: This discussion on burning pow- 
dered coal throws light on the question, once much discussed 
in technical literature, as to whether the presence of water 
vapor in a boiler furnace, such as is furnished, for instance, 
by a steam jet blower, adds to or detracts from the efficiency 
ol the 


Ways 


furnace. The weight of scientific opinion has al- 
that the water to the 
whether as moisture in the coal as steam from a blower, or 


otherwise, is detrimental to efficiency. 


been admission of furnace, 
It has been claimed, 
however, that where the water was admitted in such a way 
as to be decomposed to form water gas, which was later 
burned to CO, a more complete combustion of the coal was 
attained and there was less loss due to incomplete combus- 
tion. 

The universal testimony in these papers and discussions, 
however, is that with powdered coal the moisture in the 
coal must be reduced to the lowest point to facilitate the 
distribution of the dust by the blast, and further, that this 
dried coal burns perfectly to CO., notwithstanding the ab- 
sence ot morsture, 

Lorex L. Henperp (written): It has been brought out in 
the paper on Pulverized Coal for Steam Making, that the 
most important features or difficulties encountered are the 
disposal of incombustibles and the maintenance of the fur- 
nace. When these troubles are sidestepped by the use of 
excess air other serious faults are introduced; first, the in- 
combustible in the form of dust is either deposited through 
the boiler passes or is carried out the stack; second, the effi- 
cleney and capacity suffers to such an extent that the sys- 
tem may become an economic failure. 

It would therefore seem that the trend of experimenta- 
tion should be to develop a furnace and a refractory mate- 
rial to withstand the heat. Under such conditions the asl 
would be slagged and the design must necessarily provide 
When these conditions are satis- 
fied then high capacity and efficiency will necessarily follow. 
No doubt investigators have satisfied themselves that 


for its frequent removal. 


past 
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this is impossible, but that does not prove that it will not 
be accomplished, 

Of the various types of apparatus described in this paper 

it would appear that the Bettington boiler is a big step in 
the right direction and will lead eventually to successful 
results. 
J. G. Courant: The American Iron & Steel Mfg. Co. 
have a dust collecting system installed in connection with all 
small furnaces, which embraces hoods over all furnaces so 
arranged as to collect all dust and gases issuing from the 
front of the furnaces over the work. The hoods are all con- 
nected with a heavy galvanized iron pipe through which the 
vases and dust are exhausted by a steel plate fan which dis 
charges into a cyclone type dust collector. The gases sud- 
denly admitted into the enlarged area lose most of their 
velocity and eseape through an opening in the top to a 
stack; while the heavier dust and ash matter falls through 
the discharge orifice into a bin. With this system gases of 
500 deg. to 600 deg. Fahr. are handled at 3 0z. vacuum and 
about 500 Ib. of ash collected daily. 


Cuas. J. Davipson: It has occurred to me that in attempt- 
ing to make the use of powdered fuel general, particularly 


in boiler furnaces, there is a serious obstacle, which ayp- 


I refer to 
the ash in finely divided particles, which is carried up the 


parently has not received serious consideration. 


stack with the products combustion, and thereafter falls on 
the roots or surrounding buildings and other objects whicl 
are exposed, and in the streets. In cement mills, lime kilns, 
ete., this probably is not a serious consideration. But. 
should an attempt be made to use this form of fuel in cities, 
while there might be no visible smoke, the residue referred 
to is, generally speaking, much more objectionable than 
smoke co-called, and might become a great nuisance and be 
legally prohibited. Il would appreciate it very much if those 
who have had experience along this line would elucidate their 
ideas relative to this detail of the subject. 


NECROLOGY 


CHARLES HAZELTINE BASSHOR 


Baltimore, Md., 
May 30, 1871. and died at his home near Cambridge, Md., 
August 22. 1914. 


His shop experience and apprenticeship was 


Charles Hazeltine Basshor was born in 
He was educated at private schools in 
Baltimore. 
served under his father, Thomas C. Basshor. Upon his 
father’s death he sueceeded him as head of the Thomas C. 
Basshor Company of Baltimore, and continued the business 
until about two vears ago, when he retired. 

Mr. Basshor was a member of the Engineers’ Club of New 
York, the Maryland Club, the Kennels, the Green Spring 
Hunt Club, the Baltimore Country Club, and the Cambridge 


Yacht Club. 
QUIMBY N. EVANS 


Quimby N. Evans was born August 15, 1845, at Lovell, 
Me., and had a common school education at Freyburg, Mass. 
He served an apprenticeship with the Pitkin Brothers, steam- 
fitters, at Hartford, Conn., and later entered the Walworth 
Manufacturing Company and then the Walker & Pratt Com- 
pany, in Boston, Mass. He left the latter company to be- 
come chief engineer at the Boylston Hotel. 

In 1880 Mr. Evans formed a partnership with Frederick 


Tudor, under the name of Tudor & Company, and engaged 
in the steamfitting business, and in 1881 entered into a part- 
nership with Mr. Joslyn, as Q. N. Evans & Company of 
Boston and New York. Several years later Mr. Evans en- 
tered the Otis Elevator Company of New York as superin- 
tendent of construction, but in 1885 he again returned to the 
steamfitting business, forming the corporation known as the 
Q. N. Evans Construction Company. This concern was main- 
tained under that name until 1895 when the present firm of 
Evans, Almirall & Company was formed. 

During his early connection with the Q. N. Evans Con- 
struction Company, they designed and installed the heating 
and ventilating systems in the Leake and Watts Orphan 
Asylum of New York, the Criminal Court House of New 
York, and the English and Latin School, and also the heat- 
ing and ventilating plant in the original eapitol building in 
Albany, N. Y. He died on July 7, 1914. 

Mr. Evans was a member of the Montauk Club of Brook- 
Ivn, N. Y. 

JOHN DOWNING LOGAN 


John D. Logan died at his home in Hillsdale, N. Y., on 
Mareh 15, 1914. Mr. Logan was born on January 14, 1863, 
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in Brooklyn, N. Y., and was educated in the public schools 
of Brooklyn. For a time he attended the Polytechnic Insti- 
tute of that city and was graduated from Columbia College 
in 1884. He served his apprenticeship with John Roach & 
Sons, shipbuilders, at Chester, Pa., and in 1885 entered the 
Logan Iron Works in Brooklyn, of which he was for many 
years secretary and superintendent. 


Mr. Logan was regarded as one of the most shrewd and 


intelligent of engineers, and was frequently sought out to 
solve some very difficult problem. He made many improve- 
ments in steel working machines, which, however, he never 
patented. He was responsible for the simplification and im- 
proving of the shields used in the tunnels on both the North 
and East Rivers. 

Mr. Logan was also secretary of the Logan Real Estate 
Company, and was a member of the Illuminating Engineers 
Society. 

WILLIAM BLEECKER POTTER 


William Bleecker Potter, founder and manager of the St. 
Louis Sampling & Testing Works and one of the best known 
mining engineers and metallurgists in the United States, died 
at his home in St. Louis on July 14, 1914. 

Mr. Potter was born in Schenectady, N. Y., March 23, 
1846, and received his A.B. degree at Columbia in 1866, his 
A.M. in 1869, and his E.M. in the School of Mines, Columbia, 
in 1869. After his graduation he studied for a time in Ger- 
many. He acted as assistant in geology at Columbia from 
1869 to 1871, and was an assistant in geological survey in 
Ohio. 

In 1871 he was appointed professor of mining and metal- 
lurgy in Washington University, the year in which this chair 
was founded, and remained at the head of the department, 
which had a phenomenal growth, until 1893. The department 
was abandoned after his resignation. 

He founded the St. Louis Sampling & Testing Works in 
1886 as a metallurgical and chemical laboratory for the bene- 
fit of the students of Washington University. 

In 1889 he was placed on the board of the Missouri Geo- 
logical Survey and served until 1893. He was an assistant 
in geological survey in Missouri from 1872 to 1874, engi- 
neer of the Pilot Knob Iron Company, 1874 to 1878, metal- 
lurgist for the Vulean Iron and Steel Works, 1876 to 1878, 
and chief engineer of the Iron Mountain Mining Company 
from 1882 to 1893. 

Mr. Potter was widely known both as a practising and 
consulting engineer. He was a past-president of the Ameri- 
ean Institute of Mining Engineers and of the St. Louis En- 
gineers’ Club, and a member of the Mining and Metallurgical 
Society of America, and a corresponding member of the New 
York Academy of Science, Wisconsin Academy of Science 
and National Geographic Society. 

He received the honorary degree of Se.D. from Columbia 
University in 1904 in recognition of his services in the field 
of mining and metallurgy. 


SIDNEY LEROY SMITH 


Sidney Leroy Smith, who was born in Boston, Mass., March 
29, 1838, died in the same city on May 25, 1914. He was 
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graduated from Dartmouth College with the B.S. degree, and 
his first position was as resident engineer in charge of the 
construction of a railroad between Sheboygan and Fond du 
Lac, Wis. In 1861 he entered the engineer corps of the 
United States Navy, continuing in the service after the close 
of the war. At the time of his resignation in 1884 he was 
acting as assistant engineer. From 1894 to 1897 Mr. Smith 
was superintendent of the Roxbury Carpet Company, Bos- 
ton, Mass. 

Mr. Smith was a member of the American Society of Naval 
Engineers and of the Loyal Legion. 


ALFRED P. TRAUTWEIN 


Alfred P. Trautwein, vice-president of the American Weld- 
ing Company, Carbondale, Pa., died at his home in that city 
on August 5, 1914. He was born in New York City on 
October 10, 1857, and was graduated from Stevens Institute 
of Technology in 1876. In the same year he entered the em- 
ploy of the Gontinental Iron Works, Brooklyn, as mechanical 
draftsman and engineer, engaged in the construction of coal 
and water gas works, fuel gas plants, ice making and re- 
frigerating machinery and marine construction. In 1889 he 
removed to Carbondale and entered the Hendrick Manufac- 
turing Company as superintendent and consulting engineer. 
Ten years later he organized the Carbondale Machine Com- 
pany and was president for a number of years. He also 
organized the Carbondale Supply Company, the Carbon- 
dale Chemical Company, now known as the Carbondale 
Calcium Company, the American Welding Company, and 
the Carbondale Instrument Company. He was also one 
of the reorganizers of the Consolidated Telephone Com- 
pany and until recently was one of its directors. At 
one time he acted as president of the American Acid 
and Alkali Company of Bradford, Pa, and was a 
former director of the Buffalo Cold Storage Company, Buf- 
falo, N. Y. Mr. Trautwein was also one of the organizers 
and until a short time ago one of the directors of the Pioneer 
Dime Bank. During the past three years he had devoted 
the greater part of his time to the Barium Products Com- 
pany of Seranton, Pa., of which he was president. He was 
a director in the Carbondale Machine Company and the 
American Welding Company at the time of his death. 


Mr. Trautwein first pointed out the advantages of the an- 
thracite coal region for the silk industry, and it was through 
his persistent efforts that the chain of Klots Mills was located 
in the region of Carbondale. This was followed in turn by 
the Empire Silk Company, and Mr. Trautwein was himself 
one of the organizers of the Carbondale Knitt ng Company. 
He did much throughout the valley to develop its industrial 
interests, and while he never took an active part in polities 
he was always ready and willing to lend financial and moral 
support to every movement instituted for the welfare of the 
community. 

He served Stevens Institute in the capacity of alumni trus- 
tee from 1887 to 1890, and was a member of the Engineers 
Club of New York, the Manufacturers Club of Seranton, 
the Engineers Club of Seranton, and the Drug Trade Club 
of New York. 
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BRAKE PERFORMANCE ON MODERN STEAM RAILROAD 


PASSENGER TRAINS 


ABSTRACT OF RESULTS OF THE PENNSYLVANIA RAILROAD BRAKE TESTS, 1913 


TRAIN of 12 steel passen- 
A ger ears and modern 
locomotive weighs nearly LOOO 
tons, is about 1000 tt. long and, 
at 60 m.p.h. speed has a kinetic 
evergy of 224,000,000 ft-lb. 

With the ordinary high-speed 
brake apparatus such a_ train 
would be stopped by an emer- 
gency application of the brakes 
in a distance of from 1600 to 
1800 ft., according to the truck 
rigging and brake shoe design 
and installation. 

In making ordinary brake ap- 
plications tor slow-downs or sta- 
tion stops. skill and judgment 
must be carefully exercised in 
order to avoid shocks and make 
short and accurate stops. 

The Pennsylvania Railroad 
brake tests of 1913 showed that 
such a train at 60 m.p.h. speed 


By 8S. W. DUDLEY', PITTSBURGH, PA. 
Non-Member 


Realizing the significance of the knowl- 
and experience accumulated im recent 
years, the Pennsylvania Railroad, in con- 
junction with the Westinghouse Air Brake 
Company, instituted in the spring of 1913 the 
most scientific and comprehensive investigation 
of the different factors affecting the operation 
of brakes on steam railroad passenger trains that 
has been undertaken since the Galton-Westing- 
house trials of 1878 and 1879. In addition to 
an examination of the characteristics of brake 
shoe friction throughout a wide range of labora- 
tury and operating conditions, the test included 
also a study of the effect of various types of air 
brake mechanisms and foundation brake rigging 
and different degrees of emergency braking 
force. The tests indicated the degree to which 
existing apparatus was suited to existing condi- 
tions, the direction in which improvement was 
necessary and could be made, and the amount 


of improvement actually accomplished. 


high-speed air brake apparatus 
with the improved electro-pneu- 
matic brake, the effect of low 
and high emergency braking 
powers, the clasp with the single 
shoe type of brake rigging, the 
relative advantages of one and 
of two brake shoes per wheel and 
investigating the limitations of 
track and operating conditions 
commonly experienced. 

The improved air brake appa- 
ratus operating pneumatically, 
shortens the time of obtaining 
maximum emergency brake cyl- 
inder pressure on the train as a 
whole from 8 seconds, with the 
PM equipment, to 3.5 seconds, 
and with electric control this is 
again shortened to 2.25 seconds. 
Moreover, 125 per cent, 150 per 
cent or 180 per cent ‘emergency 
braking power is available as 


can be stopped by an emergency 

application in 1000 ft. or within the length of the train. 
They also showed that trains ean be controlled by service 
applications without shocks at any speeds and with greater 
accuracy and promptness and still require less expert know] 
edge and skill on the part of the manipulator. 

The improvement in emergeney stopping power has re- 
sulted from applying the air brakes more quickly and to a 
higher pressure, holding this higher pressure without dimi- 
nution toward the end of the stop, using a more eflicient de- 
sign and better installation of foundation brake rigging and 
providing a better method of applying the brake shoe to the 
wheel and more brake shoe metal to absorb the heat de- 
veloped during the process of stopping. 

The greater efficiency, economy and flexibility in service 
has been attained by making the air brake apparatus more 
positive and responsive in its operation, both in application 
and release, enabling full advantage to be taken of all the 
possibilities of these improvements through the quick, simul- 
taneous and flexible action obtainable only with electrie con- 
trol, the maintenance of a high and uniform brake rigging 
efficiency, and the improved truck, journal and brake shoe 
action, less wear of brake shoes and better distribution of 
forces and reactions accompanying the use of the clasp. brake 
having two shoes per wheel, instead of concentrating the 
heavy braking forces required by modern equipment on only 
one side of the wheel. 

The tests constitute a scientific study of the brake as a 
whole; comparing in detail the characteristics of the ordinary 


1 Assistant Chief Engineer, Westinghouse Air Brake Co. 


may be thought desirable or 
found permissible according to circumstances when the in- 
stallation is made. The PM average is 100 per cent. 

Using 150 per cent emergency braking power, the quicker 
and more powerful pneumatie emergency application short- 
ened the stop at 60 m.p.h. from over 1600 ft. to about 1400 
ft. and the simultaneous action of the electro-pneumatic 
brake still further shortened the stop to less than 1200 ft. 

With the PM equipment the attempt to make an emer- 
geney application during the progress of or before releasing 
a partial or full service application will produce only the 
same stop as if merely a full service application had been 
made. Considering the ordinary full service stop from 60 
m.p.h. (say 2000 or 2200 ft.) as 100 per cent; with the 
improved apparatus, operating pneumatically, an emergency 
application following a partial service application will 
shorten about 14 per cent and after a full service applica- 
tion about 10 per cent; with electro-pneumatie operation the 
gain is 23 and 15 per cent respectively. 

Shocks during brake applications are due to slack action 
modified by speed. This was shown by pneumatie and 
electro-pneumatie stops from both high and low speeds. At 
high speeds, 60 to 80 m.p.h., the serial action of the pneu- 
matie emergency application resulted in noticeable shocks 
whieh inereased in severity at lower speeds and at 10 m.p.h. 
amounted, in effect, to a collision between the rear and for- 
ward end of the train, the train being stopped in 42 ft. The 
simultaneous application of just as great retarding forces by 
the electro-pneumatie brake entirely eliminated violent slack 
action at all speeds. 
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I. THE BRAKE PROBLEM 


The object of the Pennsylvania Railroad Tests of 
1913 was to make as thorough a study as might be 
found practicable of the variables encountered in brak- 
ing equipment, and their effects, with particular refer- 
ence to: 

A A determination of the maximum percentage of 
emergency braking power which can be adopted, con- 
sidering : 

a The type of brake shoe to be used 

b The type of brake rigging to be adopted 

c The type of air brake mechanism and control to 
be adopted 

d The degree to which occasional wheel sliding is 
to be permitted under favorable cireumstances 

e The variation in the condition of the rail surface 
for which it is considered necessary to provide 

BA comparison of the relative performance of the 
clasp brake rigging (two shoes per wheel) and the 
standard brake rigging (one shoe per wheel) with re- 
gard to: 

a Maintenance of predetermined and desired 
piston travel 

b Efficiency of transmission of forces 

c Effect upon wheel journals, bearings and truck 

d Mean coefficient of brake shoe friction for the 
standard plain cast iron shoe 


C A comparison of the performance of the im- 
proved air brake mechanism (type UC) with that of 
the commonly used ‘‘ high speed ’’ (type PM) brake 
equipment with regard to: 

a Efficiency and effectiveness, as shown by the 
length of service and emergency stops 

b Safety and protective features 

c Flexibility and certainty of response to any 
manipulation of the engineer’s brake valve 

d Uniformity of action of individual equipments 
associated in the same train and of any indi- 
vidual equipment at different times 

e Smoothness of riding during stopping, slack 
action between cars, and the resulting shocks 

f Capacity for future requirements 

D The behavior of the brake shoes as the tests pro- 
gressed and any variation in the results of similar tests 
which could not be accounted for by known changes 
independent of the brake shoe. One type of brake shoe 
was to be used throughout the range of the tests. Re- 
lating to objects A, B, and C, advantage was taken of 
this opportunity to establish as definitely as possible 
the characteristics of this type of brake shoe under the 
influence of various combinations of speed, pressure, 
time, weather and the conditions of the brake shoe. 


Abstract of paper presented at the New York local meeting of 
Tue American Society oF MECHANICAL ENGINEERS, on February 
10, 1914. Complete copies may be obtained, price, 60 cents to 
members and $1.20 to non-members. 
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E The coefficient of friction between the wheel and 
the rail under varying weather conditions. 

In addition to the investigations outlined in general 
above, it developed during the tests that additional 
data were desired regarding the performance of brake 
shoes under certain specific conditions. In consequence 
a series of experiments was carried out at the labora- 
tory of the American Brake Shoe and Foundry Com- 
pany, at Mahwah, N. J. 


FEATURES OF EQUIPMENT AND APPARATUS TESTED 


Air Brake. Experience has shown that under the 
severe requirements of today the type PM equipment 
lacks many of the features necessary to obtain a de- 
sirable degree of stopping power in emergency applica- 
tions and prompt and certain response at all times in 
ordinary service brake manipulation. One of the ob- 
jects of the tests scheduled for this type of equipment 
was to determine its limitations and serve as a stand- 
ard of reference to measure the betterment made pos- 
sible by the improved features of the new air brake 
apparatus, the more efficient design of foundation 
brake rigging and more satisfactory brake shoe per- 
formance. 

The special features of the improved air brake equip- 
ment (type UC) which received more or less attention 
during the tests may be summarized as follows: 

A Adaptability of the electro-pneumatic brake 
equipment to meet any requirement, with a degree of 
efficiency as high as the existing physical conditions 
will permit. 

B Possibility of installation to produce any desired 
cylinder pressure, either in service or in emergency. 

C Gain by use of the electric control, in addition to 
the pneumatic, in the elimination of the time required 
for the transmission of the action of the brake from 
ear to ear and, in addition the elimination of shocks 
and uncomfortable surging which results from the non- 
simultaneous application of the brakes on all cars. 

D Troubles due to brakes failing to release, as well 
as the undesired application of brakes due to unavoid- 
able fluctuations of brake pipe pressure when running 
over the road. 

E Adequate supply of air available at all times. 

F Emergency braking power available at any time, 
even after a full service application of the brake. 

G Adaptability of the equipment to all weights of 
cars and to any desired percentage of braking power, 
eliminating necessity of two brake equipments for 
heavy cars or two service brake cylinders, except for 
cars weighing more than the limit of the service capac- 
ity of one brake cylinder. 

Brake Rigging. Duplicate tests were made with the 
clasp brake rigging, two shoes per wheel, for every 
test made with the standard brake rigging, one shoe 
per wheel, in order to bring out the advantages of the 
clasp brake in the following desirable features: (A) 
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constant piston travel for all cylinder pressures; (B) 
smoothness of action during stopping; (C) greater 
certainty of obtaining and maintaining the predeter- 
mined braking force contemplated in the design of the 
air brake equipment and foundation brake rigging; 
(D) less displacement of journals, bearings and trucks, 
tending toward greater mechanical efficiency and less 
cost of maintenance; (EZ) a coefficient of friction equal 
to or greater than that with the single shoe brake, with 
less wear of brake shoe metal and lower brake shoe 
temperatures. 


TRAIN MAKE-UP AND EQUIPMENT 


The test train was 1040 ft. long, consisting of a 
Pacific type locomotive and tender of the P. R. R. K2s 
class, weighing in working order about 200 tons, and 
12 P-70 steel passenger cars averaging about 61 tons 


best stops were made, fulfilling what it was anticipated 
should be obtained from the application of two brake 
shoes per wheel. The No. 3 clasp brake rigging was 
used only in single car break-away stops, there being but 
one car equipped with this type. Diagrams of the lever 
arrangement of the various types of brake rigging 
tested are shown in Fig. 5. 

The standard plain cast-iron brake shoe was used 
in most of the tests. In several tests flanged, slotted 
and half area shoes were employed. Special care was 
taken to insure uniformity in quality and condition 
of all shoes at the beginning and during the progress 
of the tests. 

The high-speed reducing valves of the PM equipment 
were adjusted to open at 62 lb. brake cylinder pressure. 
The standing piston travel was adjusted before each 
run to 61% in. with a full service brake application. 


aie mt = 


Fic. 1 Crass P-70 Steer, Carn—TWELVE OF THIS TYPE USED IN THE TRAIN 


each. These cars have 4 wheel trucks with one 16 in. 
brake cylinder per car. 

The ET air brake equipment was used without any 
modification on the locomotive, except that in some 
tests an auxiliary device was used which increased the 
braking power obtained during the early portion of 
the stop. 

All tests were made under road service conditions, 
except where otherwise noted, the air brake regulating 
devices on the locomotive and cars being adjusted as 
follows: Pump governor, low-pressure head 130 Ib. 
maximum pressure head 140 lb., feed valve, 110 Ib., 
and ET distributing valve safety valve, 68 lb. 

The cars were equipped with the present standard 
air brake apparatus (PM) and with the improved type 
of air brake equipment (UC), these installations being 
so arranged that a complete change from the standard 
equipment (PM) to the new equipment (UC) having 
PM features only or the complete pneumatic features 
of the new equipment or to the new equipment with 
complete electrical control could be quickly made. 

The staridard brake rigging as originally applied to 
the cars of the test train is shown in Fig. 3. With the 
No. 3 design of clasp brake rigging shown in Fig. 4 the 


TEST APPARATUS AND OBSERVATIONS TAKEN 


Locomotive. The apparatus on the locomotive con- 
sisted of the usual gages which indicated main reser- 
voir, brake pipe, and brake cylinder pressures, and in 
addition a brake cylinder indicator was used on the 
tender brake cylinder and served to measure the pres- 
sure in all of the brake cylinders of the locomotive and 
tender, viz., one engine truck, two driver brake, one 
trailer truck and one tender brake cylinder. A volt- 
meter, calibrated in m.p.h. was connected to a genera- 
tor, belt-driven from the right front engine truck 
wheel, and served as a guide to the engineman in 0’- 
taining the desired speed. 

A device for recording automatically the distance 
traveled by the train beyond the point of brake ap- 
plication was driven from the left engine truck wheel 
and was used in connection with the wheel sliding indi- 
eators on the cars. 

Devices similar to those used in former brake tests 
were employed to operate the track circuit breakers 
and to automatically apply the brakes at the zero cir- 
cuit breaker. 


On the locomotive, observations were taken of the 
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time of stop and the main reservoir and brake pipe 
pressure, the tender piston travel and the amount of 
coal and water on the tender. 

Cars. Each car was furnished with a brake cylinder 
indicator, and a wheel sliding indicator, with the neces- 
sary wiring and connections. 

A chronograph, recording the distance of stop, time 
of stop, deceleration of train, the brake cylinder pres- 
sure and the brake pipe pressure, was located on car 
six. In connection with this chronograph a record was 
made of the action of the brake shoes with respect to 
sparking. 

Indicators for measuring the slack action between 
the cars were used at different points in the train. 

Specially designed apparatus was used to measure 
the pressure delivered to the brake shoes during some 
of the tests, the object of which was to determine the 
efficiency of the brake rigging. 
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After each test measurements were taken of the total 
length of the stop, and also the running piston travel 
on each car. 

Rail Friction Machine. Of the devices used on the 
track, the only one which requires special mention is 
the machine for measuring the force required to move 
or keep moving a block of tire steel resting upon the 
rail. The pressure of this block on the rail could be 
varied by means of weights of 20, 40, 60, 80 and 100 Ib. 
Readings were taken with each of these weights and 
the coefficient of rail friction recorded 
from the average of the five readings. 

When making a test run the engineman endeavored 
to reach a speed slightly above that desired, just before 
entering the measured track. 


was derived 


The throttle was closed 
just before reaching the cireuit breakers preceding 
the zero point, no change being made in the position 
of the reverse lever. The train then drifted over the 


Fic. 2 


Telephones were located in the first, third, sixth, 
ninth and twelfth cars and greatly facilitated the issu- 
ing of instructions. 

Track. The tests were made on the south bound 
track of the Atlantic City Division of the W. J. & S. 
R.R. The portion of the track over which the braking 
was done was level, and part of a tangent about 25 
miles long terminating at Absecon Station. A slight 
descending (0.3 per cent) grade approaching the meas- 
ured test track was in favor of the train attaining 
speed. 

The track for a distance of 5000 ft. south of the zero 
point was wired for circuit breakers, which were placed 
at intervals of 25 ft. up to 1200 ft. from the zero point, 
and at intervals of 50 ft. from there on to the 5000 ft. 
point. Preceding the zero point, eight cireuit breakers 
were located, 66 ft. apart from which the initial speed 
of train (speed at the trip) was determined. 

A cabin, located near the zero circuit breaker, con- 
tained the clock and chronograph from which in con- 
nection with the track circuit breakers, the speed of the 
train before and during the stop was obtained. 


Cuass K2sa IN THE Test TRAIN 


circuit breakers preceding the zero poimt at which 
point the brake was automatically applied by the trip 
mechanism. At the instant the brake pipe exhaust 
started at the trip, the brake valve handle was moved 
to emergency position for all emergency tests and to 
When 
the engine and cars were to be stopped separately 
(breakaway tests), the same procedure as above was 
followed, except that the coupling pin between the en- 
gine and tender was pulled out as soon as possible after 
steam was shut off. This permitted the engine to pull 
away from the train as soon as the brake application 
was made, providing the retardation of the cars was 
higher than that of the locomotive. 

However, the engine did not always separate from 
the train when making stops with low braking powers 
on the cars. On this account it was decided to use 
steam on the locomotive in such tests as soon as the 
coupling pin was pulled out, so as to get the locomotive 
away from the cars and permit the cars to stop with- 
out any possible interference on the part of the loco- 
motive, the stop of the locomotive in such eases being 


lap position for all service application stops. 
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disregarded. For such stops the flexible wiper and 
the tripping mechanism were on the first car instead 
of the locomotive. 

In all 691 tests were made, at Absecon, in 91 days, 
covering a period of time from February 10 to May 22, 
1915. 


brake rigging equipment, whether standard single shoe 


These were divided with respect to the type of 


or clasp Nos. 1, 2 or 3, and to form of brake shoe used, 
whether plain or flanged. The average day’s work 
consisted in making from 10 to 12 runs, a maximum 
of 22 tests being made in one day. 


Il. AIR BRAKE EQUIPMENT 


The quick action automatic brake (PM 
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speed reducing valve retains the maximum eylinder 
pressure practically constant for a period of time and 
then by an accelerating blow down, reduces the brake 
This reduction is designed 
of the 


compre ssed 


cylinder pressure to 60 |b. 


to compensate for the imereased effectiveness 


brake shoes as the speed diminishes, 
air required to charge the auxiliary reservoir is all sup 
plied the pipe teed 
around the triple valve piston when in release 


from brake through a 


groove 
posit ion 
enly. 


equipment), which is the present equipment 
on P.R.R. P-70 ears, is illustrated in Fig. 6. 
It comprises a 16-in. brake cylinder with au- 
tomatic brake slack adjuster set for 
running piston travel, a 16-in. by 42-in. aux- 


8-in. 


THE STANDARD BRAKE as Mopiriep ror Test 


{1IGGING 


The certainty of releasing all brakes in the 
train depends on the possibility of establish- 


iliary reservoir and a quick action trip]: ~~ 
valve, which controls the flow of compressed be = 
alr: Fig. 3 
\ 
4 \ 
\ 
3 


ing the differential pressure required to move 
No 
difficulty is experienced in this direction so 


the triple valve parts to release position. 


far as the cars at the head end of the train 
are concerned, but the increase in brake pipe 


pressure is necessarily slower at the rear than 
at the head end. Large auxiliary reservoir 


Fic. 4 Ture No. 3 Crase Brake RiGGinc 

a From the brake pipe to the auxiliary reservoir for 
charging the system. 

b From the auxiliary reservoir to the brake cylinder 
for applying the brakes. 

c From the brake eylinder to the atmosphere when 
releasing. 

d From the brake pipe to the brake cylinder, as well 


as from the auxiliary reservoir to the brake cylin- 
der, when a quick action application of the brakes 
is desired. 

A high speed reducing valve designed to perform the 
functions of a safety valve during service brake ap- 
plications, limits the brake eylinder pressure to a maxi- 
mum, predetermined as satisfactory for service opera- 
tions (62 Ib.). In emergeney applications the high 


volumes, requiring a large amount of air for 
recharging (all of which must be drawn from 
the brake pipe), long trains, leaky brake pipe, 
poor condition of triple valve piston packing 
rings or slide valves, low main reservoir pres- 
sure, or light brake pipe reductions, all tend 
to bring about the slow rise of brake pipe 
pressure at the rear end of the train, which 


results in failure to release brakes, slow re- 
lease, stuck brakes and dragging brake 
shoes. 


The brake cylinder pressure in emergency is under 
the control of the high-speed reducing valve at all 
times. At first the reducing valve blows down the 
brake eylinder pressure at a very slow rate, but this 
rate gradually increases, being timed to become rela- 
tively rapid as the train nears its stopping point and 
the valve then closes at 60 lb. brake cylinder pressure. 


It is impossible to obtain a quick action application 
with the PM equipment after a service application of 
any consequence has been made. 


FEATURES OF THE UC EQUIPMENT 


The valve mechanism which is the distinguishing 
feature of this equipment is of the ‘‘ built-up ’’ type 
which makes it possible to install and operate this 
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equipment if desired in stages, by adding to the sim- 
plest arrangement of apparatus, including only those 
features required to give an operation equivalent to 
that of the PM brake, up to the complete form of the 
device. 

The UC equipment, Figs. 7 and 8, in its complete 
form comprises a valve mechanism called the universal 
valve with its permanent pipe bracket and three reser- 
voirs, the auxiliary, the service and emergency res- 
ervoirs. 

The universal valve (Figs. 9 to 12), consists of an 
equalizing portion, which primarily controls the charg- 
ing and recharging of the reservoirs of the equipment, 
the service application of the brakes and the releasing 
of the brakes. 

A quick action portion with high pressure cap, which 
controls the transmission of serial quick action and 
obtaining of high emergeney pressure in the brake 
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An auxiliary reservoir which is the same size for all 
sizes of brake cylinders, the pressure in which controls 
the movement of the equalizing piston and slide valve 
of the universal valve and supplies air to the brake 
cylinder. The UC equipment has one size smaller aux- 
iliary reservoirs than the PM equipment, being de- 
signed to give a brake cylinder pressure of 50 lb. per 
sq. in. when a 20 lb. brake pipe reduction is made; 
and furthermore, the braking power basis is 90 per 
cent instead of 80 per cent, as with the PM equipment. 

A service reservoir which varies in size with the size 
of the brake cylinder. This, together with the aux- 
iliary reservoir, supplies air for operating the brake 
cylinder in service and emergency brake applications. 

An emergency reservoir which varies in size accord- 
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cylinders when an emergency application of the brakes 
is made. 

An electric portion, which comprises the magnets, 
switch, ete., controlling the electric service application, 
electric release and electrie emergency applications of 
the brakes. 

A pipe bracket, to which all pipe connections are 
permanently made and to which the various portions 
of the valve device are bolted. This bracket contains 
two small chambers, the quick action chamber and 
quick action closing chamber. 

The quick action closing chamber provides means 
whereby the quick action outlet from the brake pipe 
to the atmosphere is open when an emergency applica- 
tion is made and is closed when a predetermined time 
thereafter has elapsed. 

The quick action chamber in connection with the 
quick action closing chamber controls cue operation of 
the quick action parts of the valve in accordance with 
the rate of brake pipe reduction. 

In addition to the above the equipment on each car 
comprises : 
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ing to the size of brake cylinder used and the amount 
of emergency brake cylinder pressure which the in- 
stallation is designed to afford. This reservoir supplies 
air required to graduate the release of the brakes and 
to obtain a quick recharging of the service and aux- 
iliary reservoirs after a service application of the 
brakes. It also provides the additional supply of air 
required to obtain the increased brake cylinder pres- 
sure desired for emergency applications. 

The valve mechanism is designed to require a drep 
in brake pipe pressure of approximately 4 lb. before 
it is possible to obtain an application of the brakes. 
The equalizing piston moves on a differential much 
lower than this, however, so as to close the feed groove 
and thus prevent back leakage from the auxiliary reser- 
voir. Thus a service application of the brakes is posi- 
tively insured when the required 4 lb. brake pipe re- 
duction is reached. From this point the rise in brake 
cylinder pressure corresponds to the reduction in brake 
pipe pressure in the proper relation to produce a full 
service brake application (90 per cent braking power) 
for a brake pipe reduction of 24 Ib. 
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The maximum brake eylinder pressure obtainable in 
a service application is limited by the setting of a quick 
blow-down and positive acting safety valve which is 
connected to the brake cylinder through the emergency 
portion of the universal valve at all times except when 
an emergency application of the brakes is made. When 
making an emergency application, the safety valve is 
automatically cut off from communication with the rest 
of the equipment. This safety valve is adjusted to limit 
the maximum obtainable service brake cylinder pres- 
sure to 60 lb. per sq. in. 
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EMERGENCY BRAKE APPLICATION AUTOMATIC ON DEPLE- 
TION OF BRAKE PIPE PRESSURE BELOW A PRE- 
DETERMINED POINT 

Whenever, from any cause, the brake pipe pressure 
is reduced to a predetermined value (30 lb.), the pro- 
tection valve included in the emergency portion of the 
universal valve will operate and cause the parts of the 
emergency portion to move to their quick action posi- 
tions and so start a quick action application of the 
brakes—the operation of the equipment then being as 
already explained. 
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EMERGENCY BRAKE APPLICATION AFTER SERVICE BRAKE 
APPLICATION 

Whenever a predetermined emergency rate of brake 
pipe reduction is established the quick action and high 
pressure parts of the valve will operate as above de- 
scribed to start serial quick action and increase the 
brake cylinder pressure up to its full emergency value 
even though a partial or full service brake application 
had been completed or was in progress. That is to say, 
the obtaining of an emergency application of the 
brakes depends only on the functioning of the quick 
action parts and is entirely independent of the service 
operation of the valve. 


Within certain limits the percentage of emergency 
braking power and the brake pipe pressure -o be ased 
may be chosen as the conditions of operation and in- 
stallation may dictate without requiring a change in 
any essential part of the apparatus and without affect- 
ing the fundamental and proper relations between the 
different reservoirs, cylinders and operating parts of 
the equipment. For example, one or two brake eylin- 
ders per car may be used as the weight of the car and 
the percentage of braking power desired may require, 
the only change necessary being the use of a special 
cap on the high pressure portion of the valve designed 
to handle two brake cylinders instead of one. The 
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amount of emergency braking power can be fixed to 
suit special limits or requirements by proper choice 
of reservoir volumes and the arrangement of their con- 
nections. The equipment is designed to give normally 
an emergency braking power of 150 per cent when 
using 110 lb. brake pipe pressure; this insures a satis- 
factory stop on the one hand without the likelihood of 
injurious wheel sliding on the other, with an average 
condition of foundation brake rigging, track, ete. For 
the transition period, or where conditions of installa- 
tion do not permit, or where the service requirements 
do not necessitate a braking power as high as this, a 
lower emergency braking power is available by the 
arrangement of reservoirs mentioned. 
FEATURES OF ELECTRIC OPERATION 

When operating electrically, the service application 

of the brakes is actuated by a reduction in brake pipe 


~ 


mits their valves to close and thus stop the brake pipe 
reduction. The valve parts then assume their lap posi- 


tions as when operating pneumatically. 


Electric Release. Whether the graduated release cap 
is in direct or graduated release position, the release of 
the brakes can always be graduated electrically by al- 
ternately energizing and de-energizing the release 
magnets which control the flow of air from the brake 
cylinder exhaust ports to the atmosphere. These re- 
lease magnets are energized and prevent the release 
of the brakes when the brake valve handle is in either 
release or holding position. At this time the brake 
pipe and reservoirs on the car are being recharged 
and the universal valve parts are in their release and 
charging positions. The outlet from the brake cylinder 
to the atmosphere is closed and the brakes cannot re- 
lease so long as the release magnets are thus energized. 
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pressure as when operating pneumatically. The equal- 
izing portion of the universal valve causes the brakes 
to apply in response to a brake pipe reduction as when 
operating pneumatically. But this brake pipe reduc- 
tion is made locally on each car (instead of all at one 
place, namely, the engineer’s brake valve). This local 
reduction of brake pipe pressure is accomplished by 
means of the service magnet valves which open simul- 
taneously on each car and vent brake pipe air to the 
atmosphere at the proper rate to produce a service 
brake application when the service magnets are ener- 
gized by the engineer’s brake valve handle being placed 
in service position. The fact that the pneumatic and 
electric service position of the brake valve handle are 
the same insures the elimination of any delay in start- 
ing a pneumatic application of the brakes in case the 
electric control is, for any reason, inoperative. 

The movement of the brake valve handle back to lap 
position de-energizes the service magnets, which per- 


The release magnets are de-energized and the exhaust 
of air from the brake cylinders permitted when the 
brake valve handle is in running position. 
Electric Emergency. In an electro-pneumatic emer- 
gency application, the emergency magnets on all cars 
are simultaneously and instantaneously energized. 
These magnets open their respective emergency magnet 
valves which in turn cause the quick action parts of 
each universal valve to operate and produce an emer- 
gency application of the brakes. In case a hose bursts 
or a conductor’s valve is opened, the first universal 
valve to be affected by the resulting drop in brake pipe 
pressure will operate pneumatically. 
DEVICE FOR OBTAINING HIGHER BRAKE CYLINDER PRESSURE 
ON LOCOMOTIVE AND TENDER 

As is well known, the standard braking power of the 


ET equipment on the locomotive and tender (consid- 
ering the ordinary working loads carried) is relatively 
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a little less or about the same in stopping effectiveness 
as that of the PM equipment on the P-70 ears. With 
the new and more effective car brake equipments, how- 
ever, there was a marked difference between the stop- 
ping force on the locomotive and cars. The effect of 
this was to produce a noticeable running out of slack 
in ordinary train stops and in breakaway stops to cause 
the locomotive to run several hundred feet farther than 
the cars. To avoid this a bypass valve was devised 
and applied in experimental form to the locomotive 
brake equipment, so arranged that the service opera- 
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period (about ten seconds) and then, by a gradually 
accelerating blowdown, reduce this pressure so that as 
the speed of the train diminished the brake cylinder 
pressure would finally reach the normal emergency 
pressure standard with this equipment, namely, about 
75 Ib. 
FULL SERVICE BRAKE APPLICATION 

Standard PM Brake Equipment. The action of the 
PM equipment during a service application of the 
brakes, is illustrated by the curves (Fig. 13). The cars 
at the head end of the train begin to apply and reach 
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tions of the ET equipment were not affected in any 
way, but when an emergency application of the brakes 
was made the bypass valve operated so as to short cir- 
cuit compressed air directly from the main reservoirs 
to all the brake cylinders on the locomotive and tender. 
This resulted in a much quicker rate of rise of emer- 
gency brake cylinder pressure and a much higher max- 
imum pressure being obtained than is the case with the 
standard ET brake. To protect against the drivers 
sliding, the by-pass valve was arranged to hold the 
high initial brake cylinder pressure for a specified 


their maximum pressure before those at the rear of the 
train, which is true of any form of pneumatically con- 
trolled brake. The time of commencing to apply on 
different cars varies through a range of about four 
seconds, which is an indication of the relatively slow 
serial response of the brake mechanism to a gradual 
fall in brake pipe pressure controlled by pneumatie 
means alone. From these ecards and similar cards for 
the UC pneumatic equipment (Fig. 14), it is easily 
seen that there is a considerable time element involved 
in starting the service application of all the brakes in 
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the train when operating pneumatically. It follows 
from this that the rate of ‘‘ build-up ’’ of brake cylin- 
der pressure in a service application must be relatively 
slow in order to avoid shocks which result from the 
brakes applying with a slow serial action combined with 
too rapid ‘‘ build-up ’’ of pressure on the individual 
cars. 

The total time required to reach maximum full serv- 
ice brake cylinder pressure is nearly 12 seconds, which 
shows clearly the effects of the long train (large brake 
pipe volume) in extending the time required to make 
a pneumatic full service brake application beyond a 
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braking power of 80 per cent. The variations in the 
setting and the individual action of the different high- 
speed reducing valves is the cause of the varying de- 
grees of maximum braking power obtained on the 
different cars. 

UC Electro-Pneumatic Equipment. The advantages 
of the electro-pneumatic control of the service brake 
are apparent from a comparison of Fig. 15 with Fig. 
14, which relates to the UC pneumatic equipment. 
With the electro-pneumatic brake (Fig. 15), the ap- 
plication started almost simultaneously on all cars and 
built up to maximum brake cylinder pressure at a 
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minimum which is fixed by the design of the equalizing 
discharge feature of the brake valve; this requires 
that about 6 seconds at least be occupied in making a 
full service brake pipe reduction. 

The rate of rise of brake cylinder pressure is more 
rapid than it would otherwise be, however, because of 
the use of the larger size auxiliary reservoirs with the 
PM equipments. For a given brake pipe reduction this 
results in a higher brake cylinder pressure than is ob- 
tained with a smaller size reservoir as used with the 
UC pneumatic equipment for the purpose of insuring 
flexibility of service operation of the brakes. 

The maximum full service brake cylinder pressure 
is a trifle over 60 Ib., which is equivalent to a nominal 


uniform rate. Furthermore, the rate of build-up of 
brake cylinder pressure is not dependent upon the 
length of train as it is in the case of any pneumatically 
controlled service application. The maximuin service 
brake cylinder pressure is obtained in about 8 seconds 
instead of 16 seconds, required by the same brake 
equipment operating pneumatically. 


PARTIAL SERVICE FOLLOWED BY EMERGENCY APPLICATION 


PM Brake Equipment. Fig. 16 shows the results 
cbtained with the PM equipment when a partial serv- 
ice brake application is made followed immediately by 
the movement of the brake valve handle from service 
to emergency position. 
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It is barely possible to distinguish signs of the emer 
gency application from the shape of the curves when 
compared with a continuous full service application 
with this equipment without any emergency (Fig. 13) 
Slightly higher eylinder pressure was obtained ov most 
of the cars sufficient to operate the high-speed reducing 
valves, but the rate of obtaining brake cylinder pres- 
sure is the same as if no emergency application had 
been made. 

It should be noted that the serial action of the valves 
remains the same. There was no serial quick action 
effect produced by the emergency application follow- 
ing partial service application. The length of the stop, 
as would be expected, is but little different from that 
which was obtained with a full service application of 
the brakes, without any emergency application. 

UC Pneumatic Equipment. In the case of the UC 
pnheumatie equipment an emergency application pro- 
duces serial quick action and full emergency brake 
cylinder pressure, whether preceded by a service ap- 
plication or not, Fig. 17. Consequently, when the 
emergency application was made all the brakes applied 
simultaneously, the brake cylinder pressure rose at the 
usual emergency rate and the usual emergency maxi- 
mum cylinder pressure was obtained. The result of 
this is to shorten the stop by about 300 ft. compared 
with that obtained with a full service application. 

UC Electro-Pneumatic Equipment. The action 
of the electro-pneumatic equipment (Fig. 18) is similar 
to that just described (Fig. 17), except that the time 
element due to the serial pneumatic application, both 
service and emergency, is eliminated, and the quicker 
rate of rise of brake cylinder pressure during the serv- 
ice application, which is due to the local venting of 
air from the brake pipe on each car, is produced by the 
electro-pneumatic service application feature. Both 
the service and the emergency applications occur on all 
cars simultaneously and the brake cylinder pressure 
rises as promptly on each car of a twelve car train as 
it would on a single ear. 

A direct result of the quicker rate of brake pipe re- 
duction is that the partial service reduction deter- 
mined upon is completed sooner and therefore the 
emergency application is made earlier in the stop than 
with the pneumatic equipment. 

The result of these several advantages is to produce 
a much shorter stop (about 500 ft., Fig. 25) than with 
a full service electro-pneumatie application. This 
shows clearly the increased safety factor of the im- 
proved brake equipment over that now in service for 
conditions requiring the greatest possible stopping 
power after a service application of the brakes has 
been started. 

EMERGENCY APPLICATION 

PM Equipment. Fig. 19 shows characteristic brake 
cylinder indicator cards for PM equipment emergency 
applications. The rate of rise of brake cylinder pres- 
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sure is slightly taster and the maximum pressure ob- 
tained slightly higher than would ordinarily be the case 
on account of the larger size of auxiliary reservoirs 
used. 

The the high- 
speed reducing valve is clearly shown by the shape of 
the 
an average of about 78 lb. at the beginning to nearly 
60 lb. at the end of the stop. 

UC Pneumatic Equipment. Fig. 20 shows charaeter- 
istic brake cylinder pressure cards obtained with this 
equipment, emergency application. The brake eylinder 
pressure rises almost instantly to its maximum value 
and is held without blow-down throughout the stop, 
thus utilizing the air pressure available on each car to 
its fullest extent and effect. The results to be expected 
from this quick rise of brake cylinder pressure are off- 
set to a certain extent, however, by the relatively slow 
rate of transmission of serial quick action which re- 
sulted in the stop being somewhat longer and not as 
smooth as would have been the case otherwise. 

The brake cylinder indicator cards (Fig. 20), show 
that the time of transmission of serial quick action was 
slightly longer than with the PM equipment. This was 
due to operation of the valve mechanism, and it was 
found possible to quicken the pneumatic serial quick 
action feature without any material change in the de- 
sign of the parts. 


UC Electro-Pneumatic Equipment. With the eleetro- 
pneumatic equipment a simultaneous and almost in- 
stantaneous application of the brakes in the train is 
obtained. The valve mechanism on each of the cars 
causes the brake cylinder pressure to rise to its maxi- 
mum as quickly as the physical limitations of the air 
brake and foundation brake gear installation as a whole 
will permit and the maximum cylinder pressure thus 
obtained is maintained without blow-down (Fig. 22). 

It should be noted that the only difference between 
the UC pneumatic and electro-pneumatie emergency 
applications is in the elimination of the time element 
in starting the application of the brakes on the various 
cars in the train. That this is an important gain, is 
shown by the fact that the emergency stops with the 
electro-pneumatic brake were from 200 to 275 ft. 
shorter than with the pneumatic equipment. The elee- 
tro-pneumatie emergency stops are from 350 to 550 ft. 
shorter than those obtained with an emergeney appli- 
cation of the PM equipment and also are devoid of 
shocks. 


characteristic blow-down action of 


curves. The cylinder pressure is reduced from 


GRADUATED RELEASE STATION STOP AT 45 MILES PER HOUR 


UC Pneumatic Equipment. This test was made 
to illustrate the proper method of making a graduated 
release stop. The initial application was made with one 
continuous full service brake pipe reduction, was then 
held a few seconds after which the release wes gradu- 
ated by moving the brake valve handle from lap to 
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running position and then back to lap position, four 
This resulted in the 
braking power being reduced substantially in aeccord- 


distinct graduations being made. 


ance with the decrease in the speed of the train. 

Except for the first three ears in the train, which felt 
the effects of a graduation of the release most promptly 
and consequently tended to release sooner than the cars 
toward the rear, the amount of brake cylinder pres- 
sure remaining when the train stopped was uniform 
throughout the train. This stop was very smooth from 
the beginning of the application until the train came to 
a standstill and the low cylinder pressure remaining 
at the end entirely eliminated the unpleasant surging 
usually experienced when the train comes to a stop with 
high pressure in the brake cylinders. 


Ill. BRAKE RIGGING 


The only trustworthy indication we have of the rela- 
tive performance of different brake riggings is in the 
length of the stop produced. But the stop is a re- 
sultant of both brake shoe and brake rigging perform- 
During 
these tests no satisfactory separation of the brake rig- 


ance, Other conditions remaining the same. 


ging and brake shoe performance during the process 
cf stopping was effected. Consequently, when the stops 
produced by clasp brake rigging are being compared 
with those made by a rigging having but one shoe per 
Wheel it is important to keep in mind that the per- 
formance in each case is a resultant of both brake rig- 
ging and brake shoe characteristics. 

The various designs of rigging tested were the stand 
ard brake single-shoe type and three types of clasp 
brake known as Nos. 1, 2 and 3, The 


single-shoe brake used in these tests, shown in Fig. 3, 


respectively. 


had the strength of various rigging members increased 
to allow for the use of 180 per cent emergency braking 
power, the truck dead lever anchored to the car body 
center sill and the brake shoes hung about 4 in. below 
The effect of 
the position of the brake shoes was to compress the 


the horizontal center line of the wheel. 


truck springs during brake applications, causing hori- 
zontal movement of the brake shoes and a consequent 
increase in piston travel, which tended to reduce the 
effectiveness of the brake. 

In the improved (No. 3) type of clasp brake, the 
members were so located that when the brake was ap- 
plied, all the rods pulled perpendicularly to their re- 
spective levers and the pull rods rested on rollers, re- 
ducing the friction to a minimum. The shoes were 
hung as high as conditions would permit, being 214 in. 
below the center line of the axle, the brake heads were 
pin connected to the hanger levers, enabling the shoe 
to adjust itself readily to the wheel. All possible re- 
duction was made in the sources of loss in the trans- 
mission of forces from the brake cylinder to the brake 
shoe. 
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TESTS MADE AND RESULTS 

The standard (single shoe) brake rigging was tested 
under various conditions of speed, air brake equipment 
and braking power, using the complete train of 12 cars 
and locomotive, and also in 12 car breakaway stops. 
The clasp brake rigging was tested in single car break- 
away tests only, there being but one of the test cars 
equipped with this type of rigging. Therefore, in com- 
paring the different types of rigging it will be neces- 
sary to make the comparisons accordingly so far as the 
actual stops are concerned, although a method has been 
developed whereby the probable stop of a complete 
train can be computed with what is believed to be rea- 
sonable accuracy. 

On account of the many different conditions of air 
brake equipment, per cent of braking power, and 
manipulation used with the different types of brake 
rigging, it is necessary to choose arbitrarily some rep- 
resentative combination of these factors and compare 


the different riggings all on the same basis. For this 


TABLE 1 EMERGENCY STOPS 60 M.P.H. WITH ELECTRO-PNEU- 
MATIC BRAKE, 150 PER CENT NOMINAL BRAKING POWER 


Per Cent 
Srop DisTanct AVER- 
" BRAKING 
IN Fr. AGE 
POWER 
oF Brak- 
rer Le. 
Brak! KIND OF Sror ING 
R p CYLINDER 
age mum mum | TRAIN Cans 
Standard. | Trai 1160 1298 1049 133 1.473 
( 12 car breakaway 228 1291 1178 143 1.473 
No. Train 1204 1273 | 1157s 1.499 
( 12 car breakaway 1145 1183 1112 148 1.499 
No. 2 clasp. Train 1145 1213 1097 1.450 
- a) 
( 12 car breakaway 1136 1178 1073 i41 1.450 
No. 2 clasp Single car breakaway. 1014 1027 | 1007 140 1.430 
No. 3 clasp Single car breakaway. 924 1010 873 149 1.505 


purpose the best available records are those of the so- 
called check runs, namely, emergency stops made at 
60 m.p.h. with the complete train of 12 ears and loco- 
motive using the electro-pneumatic air brake equip- 
ment and 150 per cent nominal braking power, and the 
breakaway stops under similar conditions. 

lable 1 


tests 


gives average results and in preparing it 
not considered in which the stops were in- 
fluenced by conditions other than the action of the 
brake rigging. 

Inspection of the table shows that the per cent brak- 
ing power varied somewhat from the different types 
of rigging tested. This variation, so far as the differ- 
ence between train and breakaway is concerned, neces- 
sarily follows from the effect of the lower braked loco- 
motive. 

Comparing the braking powers for the train using 
the No. 1 clasp, the standard, and the No. 2 clasp brake 
and for the 12 car breakaway stops with these types 
of rigging it will be seen that the variation is not suf- 
ficient to materially affect the average results obtained. 
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The No. 3 design of clasp brake was tried on a single 
ear only. Consequently its performance has to be com- 
pared with that of the No. 2 clasp brake on a single 
car. The braking power per pound of brake cylinder 
pressure for the No. 3 clasp brake was higher than that 
of the car having the No. 2 clasp brake as shown in 
the table and due allowance must be made for this, 
but after making due allowance, the stops with the No. 
3 clasp brake are still materially shorter than corre- 
sponding stops with the No. 2 clasp brake. 

To sum up, therefore, the relative performance of the 
several different types of rigging tested on the basis 
of stopping distance alone, would on the whole be ar- 
ranged in the following order: Best, the No. 3 clasp 
brake; next, the two experimental designs of clasp 
brake, Nos. 1 and 2, and lastly the single shoe brake. 

A device used to measure the efficiencies of the brake 
rigging tested consisted of a steel ball and plate of 
known hardness located in the brake rigging as near 
the shoe as possible so that the force transmitted by the 
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brake rigging passed through the ball to the plate on 
its way to the brake shoe. The diameter of the im- 
pression was measured with a micrometer microscope 
and the corresponding pressure determined from a eali- 
bration curve of similar impressions made under direct 
known pressure on a testing machine. 

The ratio of the pressure at the brake shoe as found 
by this method, to the brake shoe pressure which should 
result from the cylinder pressure and the total lever 
ratio known to exist, represents the mechanical effi- 
ciency of the rigging in per cent. 

Tests of this character were made both when the cars 
were running and standing, but on account of the dis- 
turbing influences encountered during the running 
tests, it was decided to consider only the standing tests, 
for which the data obtained were more consistent. It 
should be understood, however, that the efficiency of 
the transmission of the forces through the brake rig- 
ging when making a stop was considerably different 
than when a standing brake application is made, due 
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to the different positions assumed by the brake shoes 
and levers, caused by pulling down truck spring and 
increase of piston travel. 

With the standard brake rigging considerable bind- 
ing took place in the measuring device which affected 
the accuracy of the readings and is probably one of 
the causes of the low efficiency shown. With the other 
types of brake rigging, however, the results were re- 
markably consistent. In fact, by the aid of these ree- 
ords, it became possible for the first time to fix upon a 
logical basis for harmonizing the results obtained in 
road tests with those obtained in laboratory tests of 
brake shoes. 

PISTON TRAVEL 

One of the factors, affecting the brake rigging effi- 
ciency, which was given particular attention, was the 
variations in piston travel with different cylinder pres- 
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sures. Records were taken of the length of piston travel 
on a time basis and of brake eylinder pressures and 
these records were combined to form the brake cylinder 
pressure piston travel curves. 

Referring to the increase in running emergency pis- 
ton travel over standing service for the different types 
of rigging tested and at various percentages of brak- 
ing power, it is to be noted that the increase for the 
No. 1 and No. 3 clasp brake is less than for either the 
standard or the No. 2 clasp brake, due in part, at least, 
to the low hung brake shoes of the latter. 


IV. PER CENT OF BRAKING POWER 


Definition. The total brake shoe pressure to be pro- 
vided by a steam road passenger brake installation is 
determined according to the empty weight of the car. 
For convenience the pressure afforded by a full service 
application of the brakes is chosen as the basis upon 
which different installations are classified and (also for 
convenience) the total brake shoe pressure is usually 
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expressed in terms of its ratio to the empty weight of 
the ear. The ratio of total brake shoe pressure to total 
car weight has always been termed ‘‘ braking power ”’ 
and is usually expressed as ‘‘ per cent braking power.’’ 
It has been common practice to design steam road 
passenger brake installations to produce a full service 
nominal braking power of 80 or 90 per cent; the brak- 
ing power obtained in emergency applications will then 
depend upon the characteristics of the installation. In 
the case of the P. R. R. P-70 cars with standard PM 
brake equipment the standard nominal braking power 
is 80 per cent. In emergency application nominal 113 
per cent braking power is figured upon, but in practice 
less than this is always obtained, due to the charac- 
teristics of the PM equipment whereby the maximum 
brake cylinder pressure is diminished by the action of 
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the high-speed reducing valve, the effect of excessive 
piston travel and so on. 

With the improved brake equipment the standard 
nominal braking power is 90 per cent. This, although 
10 per cent higher than standard with PM equipment, 
is associated with a smaller size auxiliary reservoir 
which results in a slower rate of increase in braking 
power during the progress of a service application of 
the brakes. This affords greater flexibility in the ma- 
nipulation of the brake in service and at the same time 
makes available a higher maximum service braking 
power. In emergency stops braking powers ranging 
from 90 to 180 per cent were employed. 

LENGTH OF STOP 

The curves, Fig. 23, show the relation between the 
percentage of braking power and the length of stop, 
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other factors being substantially constant. The curves 
are plotted for single-car breakaway stops from 60 
m.p.h. with the No. 3 clasp brake, eleetro-pneumatic 
air brake equipment, plain brake shoes well worn in 
and cracked. 

Taking from these curves the stop at 90 per cent as 
the basis, the stop at 125 per cent is 17.5 per cent 
shorter, that at 150 per cent braking power 25.5 per 
cent shorter, and that at 180 per cent 33 per cent 
shorter. An interesting development from this is that 
for a given increase in braking power anywhere 
throughout the range, a constant decrease in length of 
stop will result, this constant decrease, however, not 
being equal to the corresponding increase in braking 


power. For example, an increase of 25 per cent in 
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braking power (from 90 up to 112.5 per cent braking 
power) results in a decrease of about 12 per cent in 
the length of stop (from 1177 ft. to 1033 ft.). Simi- 
larly, a 25 per cent increase in braking power, from 
144 up to 180 per cent, results in the same proportion- 
ate decrease in length of stop, viz.: from 896 ft. to 787 
ft., which is a 12 per cent decrease, as at the lower 
braking power. 

An analysis of the curves on Fig. 23 shows that for 
single car breakaway stops from a speed of 60 m.p.h., 
using the electro-pneumatic brake, the relation between 
the percentage of braking power and length of stop can 
be expressed by the following equation : 

K 
S=p: 
in which S = the length of stop 
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K = a constant determined by the character of the 
air brake equipment, brake shoes and brake 
rigging. 

P = percentage of braking power corresponding 
to the cylinder pressure obtained. 

xa fractional exponent, depending upon the 
effect of the percentage of braking power on 
the brake rigging efficiency and the coeffi- 
cient of friction of the brake shoes. 

This law is found to apply to both of the curves in 
Fig. 23 and that it holds for still lower braking powers 
than here shown was proven by both road and labora- 
tory tests at low percentages of braking power (50 to 
60 per cent), the results of which satisfied the relation 
which had previously been found to exist between stops 
under similar conditions, but at percentages of brak- 
ing power ranging between 90 per cent and 180 per 
eent. Manifestly, however, this law could not hold at 
very low percentages of braking power. 

Referring to Fig. 23 the equation for the line showing 
the best 60 m.p.h. stop is 

1107.5 
8 = 
and for the line showing the average 60 miles per hour 
stops 


An approximate expression for the variation of per- 
centage of braking power and length of stop with the 
electro-pneumatic equipment, is that, for an increase 
of 5 per cent in the braking power, the stop is de- 
creased 2 per cent. 

The above equations correspond to the theoretical 
relations which result from a consideration of the 
primary factors involved. Neglecting air and internal 
resistance on the one hand and the rotative energy of 
the wheels and axles on the other hand and considering 
the stop to be made on a straight level track, we have, 
for the portion of the stops that the brakes can be con- 
sidered fully applied 
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F = total retarding force in lb. 

S, = that portion of the stop in ft. during which 
the brakes can be considered fully applied 

W = weight of train in Ib. 

v = speed of train in ft. per second 

V = speed of train in miles per hour 

P = nominal percentage of braking power corre- 


sponding to average brake cylinder pres- 
sure during time brakes are applied 

e = efficiency of brake rigging 

f = mean coefficient of brake shoe friction 

g = acceleration due to gravity 32.2 ft. per sec. 
per sec. 

For the short time t, at the commencement of the 
stop during which the brakes may be considered as hav- 
ing no effect, the distance traveled will be 8S, = vt = 
1.467 Vt. 

The total length of stop S, is then 

S=—S,+8,=1.467Vt+ 

For a given type of brake equipment and at a given 
speed, V and ¢ are constants and the theoretical rela- 
tion between the length of stop and percentage of brak- 
ing power, other conditions being equal and as assumed 
above, is then 

in which e, the efficiency of the brake rigging, remains 
practically constant throughout the range of values of 
P used in these tests. Let 
f, the mean coefficient of friction, is known to decrease 
as P increases, other conditions being the same. It may 
therefore be assumed that 
= = cP* 
where z is less than unity. 

The expression for length of stop can now be written 

Per* 
In this expression k is a constant term resulting from 
the fact that the brake applies gradually instead of 
instantaneously to its maximum value. 

For practical purposes the formula 

4. 

P* 
can be used as substantially the equivalent of more 
accurate but less simple formula, provided that the 
proper value of K is determined. This can be shown 
from the test data to be possible without involving an 
error of more than 2 per cent at the extremes of the 
range of these experiments, the error being still less 
at intermediate points. 


In the relation f = “a the values of c and z can 


be evaluated from the data furnished by the curves, 
Fig. 23. We have 
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we know that a fair average value for f is 0.10. There- 
fore 
010= 
for which 
c= G33 
Therefore an approximate relation between the mean 
coefficient of brake shoe friction and per cent braking 
power, resulting from the data of these tests (and ap- 
plies therefore only to the range covered by these tests) 
for speeds of 60 m.p.h. plain cast iron brake shoes, 
clasp brake rigging, is 
0.12 


f 


WHEEL SLIDING 


Tests were considered as having excessive wheel slid- 
ing when the sum of all slides was 3000 ft. or over in 
12 car train tests and 250 ft. in single car tests. These 
arbitrary figures were chosen when an analysis of the 
wheel sliding data developed that the sum of all slides, 
when less than 3000 ft. was not sufficient to have any 
material effect on the length of stop and was usually 
made up of relatively short slides on a number of pairs 
of wheels, but when more than 3000 ft. several pairs 
of wheels usually slid for the greater part of the stop- 
ping distance, making the sum of all slides well above 
this figure. Slides under 15 ft. were not recorded. 

With the No. 1 clasp brake, wheel sliding oceurred at 
low as well as at high percentages of emergency brak- 
ing power. These tests, however, were run between 
February 10 and March 5 when there was a compara- 
tively low prevailing air temperature which, with the 
high humidity characteristic of the locality brought 
about an adverse rail condition. The bad rail condi- 
tion was especially marked in the first tests of the day 
which, with few exceptions, were electro-pneumatic 
emergency applications at 150 per cent braking power. 

Out of a total of 90 emergency tests at 150 per cent 
braking power made with the No. 1 clasp brake, 62 
tests developed no wheel sliding at all. Of the 28 in 
which there was wheel sliding, 13 were the first runs 
of the day, previous to which there was a period of two 
hours when the track had not been run over by other 
trains. This permitted an accumulation of frost or 
moisture on the rail during that interval. Few tests, 
made subsequent to the first run of the day, showed 
excessive wheel sliding, and it may be concluded that 
the rail condition referred to was chiefly responsible 
for the sliding that occurred. 

The tests with the other types of brake were made 
later in the spring when the weather was more favor- 
able to good rail condition, and that in these tests there 
is a marked decrease in excessive wheel sliding. 

An analysis of the percentage of runs with wheel 
sliding at various percentages of braking power shows 
that with plain shoes the amount of wheel sliding de- 
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pends rather on the rail and weather conditions than 
on the percentage of braking power. 

A total of 282 emergency tests at 150 per cent brak- 
ing power were made with the various types of brakes; 
of this number 22 per cent had wheel sliding, 10 per 
cent occurring during the tests of the No. 1 clasp brake. 

At 180 per cent braking power with plain shoes, 
wheel sliding occurred on but 7 out of 36 tests. With 
flange shoes sliding occurred in 11 out of 23 tests. In 
only one test of the 59, with 180 per cent braking 
power, was there wheel sliding amounting to over 
3000 ft. 

From the above it follows, that the determining 
factor in wheel sliding is not high braking power alone 
but rather the uncontrollable conditions of rail and 
weather in connection with it, against which no perma- 
nent provision can be made without a sacrifice in the 
length of emergency stops during those favorable 
periods of the day or seasons of the year when condi- 
tions warrant the use of high braking power. 

Whether the sliding of wheels will or will not cause 
flat spots of a size sufficient to produce rough riding 
of the car depends entirely on circumstances; for ex- 
ample, a condition of rail surface which will cause a 
considerable amount of wheel sliding, with relatively 
low percentages of braking power, is a condition which 
at the same time will permit long slides to occur with- 
out producing noticeable flat spots. On the other hand, 
when the rail is in good condition, or in the extreme 
case of a sanded rail, a very short slide may produce 
flat spots of a size requiring prompt attention. No 
flat spots were obtained of sufficient size to necessitate 
changing wheels during the tests, although, on account 
of the number of small spots accumulated upon the 
wheel tread, it was found advisable to change some 
wheels before the cars were put back into regular 
service. 


COEFFICIENT OF RAIL FRICTION 


In determining the coefficient of rail friction by 
use of the rail-friction machine, the same section of rail 
was used at all times. The kinetic coefficient of friction, 
or the ratio of the force required to keep the weights 
moving slowly and the pressure of these weights upon 
the rail, was found to give more consistent readings 
than observations of the ‘‘ static ’’ coefficient. 

The kinetie values determined range between 12 and 
35 per cent, with the great majority of readings rang- 
ing between 22 and 30 per cent. The records, when 
taken in connection with simultaneous readings of air 
temperature and relative humidity, show that the co- 
efficient of rail friction decreases with an increase in 
the relative humidity for temperatures below the freez- 
ing point, whereas the coefficient of rail friction is not 
greatly affected by high humidities as long as the tem- 
perature is high, but begins to fall as the temperature 
approaches the freezing point. 
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As an interesting study of the effects of these various 
factors, consecutive observations were taken of the 
coefficient of rail friction, air temperature, relative hu- 
midity and barometric pressure for a period of twenty- 
four hours. It is significant that the coefficient of rail 
friction obtained on the first reading in the early morn- 
ing was practically the same as that found for a well 
greased rau later in the day. 

There was no great consistency between the readings 
obtained for coefficient of rail friction and the amount 
of wheel sliding experienced. While as a rule the 
greatest amount of wheel sliding occurred during the 
first runs of the morning, at which time the coefficient 
of rail friction was usually low, it was also a fact that 
occasionally considerable wheel sliding would be expe- 
rienced when the coefficient of rail friction observed 
previous to such tests had been about at its average 
value. 

This led to the conclusion that other factors, such as 
shock, slack action, and foreign matter on the rail sur- 
face, have a controlling influence in causing wheel 
sliding. 

Tests were made of the experimental device that was 
applied to the locomotive to give a higher maximum 
emergency braking power in a shorter time than is 
obtained with the standard ET equipment, in order to 
overcome the shock resulting from the maximum emer- 
gency braking power on the cars being higher and 
much more quickly obtained than that on the locomo- 
tive. 

Comparative car and tender brake cylinder cards 
and slack action diagrams for 60 m.p.h. emergency 
stops, electro-pneumatic equipment, 150 per cent brak- 
ing power on cars, with and without the higher braking 
power on the locomotive, shows that the sudden and 
considerable slack action on the records taken between 
cars 1 and 2, indicating the shock received at the draft 
gears about two seconds after the brakes are applied 
is much less severe when the locomotive is braked 
higher than normally. The result is a comparatively 
slow relative movement between cars, which is not no- 
ticeable to passengers. 


V. GENERAL DISCUSSION OF STOPS 


The shortest 60 m.p.h. emergency stop was made with 
a single car (locomotive not attached) with the No. 3 
clasp brake electro-pneumatie equipment, 180 per cent 
braking power, and flanged brake shoes. The ear was 
stopped under these conditions in 725 ft. The average 
retarding force for this test was 332 lb. per ton. This 
is equivalent to the resistance offered by a 16.6 per cent 
grade on which one end of a P-70 ear (80 ft. long) 
would be 13.3 ft. higher than the other end. 

This stop of 725 ft. from 60 m.p.h. made with a mod- 
ern heavy passenger equipment car establishes a new 
record for a railway car stop. 

Assuming a rail adhesion of 25 per cent, the shortest 


possible stop which could be obtained, by utilizing this 
adhesion to its maximum throughout the period of 
braking, would be 481 ft. This would require an ideal 
brake shoe and a controlling mechanism which would 
automatically adjust the retarding force of the brake, 
so that it would be at all times the maximum which 
could be used just short of producing wheel sliding. 

The shortest 80 m.p.h. stop was made, with condi- 
tions the same as mentioned above, in 1422 ft. This 1s 
equivalent to an average retarding force of 310 lb. 
per ton. 

From the data of stops made with locomotive alone 
and single car breakaway stops it is possible to cal- 
culate the approximate length of stop which would be 
obtained with a locomotive and train of twelve cars 
equipped with the electro-pneumatie brake. 

Calculated from the results of single car breakaway 
tests, the best 60 m.p.h. train stop that could have been 
obtained with the means available during these tests is 
about 800 ft. and the best 80 m.p.h. stop about 1570 ft. 

The shortest 60 m.p.h. train stop with a locomotive 
and train of twelve cars was 1021 ft. This was made 
with high braking power on the locomotive and No. 1 
clasp brake, electro-pneumatie equipment, 180 per cent 
braking power and plain shoes on the cars. 

The shortest 80 m.p.h. train stop was made in 2197 
ft. with high braking power on the locomotive and 
with No. 1 clasp brake, electro-pneumatic equipment, 
150 per cent braking power and plain shoes. 


CHECK RUNS AND AVERAGES 


In previous brake tests the average of two, or at the 
most three, stops under a particular set of conditions 
was thought sufficient to establish the average perform- 
ance of the train, but a study of the situation revealed 
many variations in performance which could not be 
accounted for by any known differences in the equip- 
ment, adjustment, or manipulation. In order to deter- 
mine the amount and cause of such variable perform- 
ances as might result under supposedly constant con- 
ditions, a series of so called check runs was scheduled, 
one test to be made at the beginning and another at the 
end of each day’s work, all conditions being kept the 
same throughout the entire series of tests as far as pos- 
sible. These stops were all made from a speed of 60 
m.p.h with the complete train, standard braking power 
on the locomotive, electro-pneumatic equipment, 150 per 
cent braking power, and plain shoes on the cars. 

It was observed that after the brake shoes were well 
worn in and no change was made in apparatus or 
manipulation for a considerable period of time the 
check runs of such a group of tests would show but lit- 
tle variation (for example five such tests averaged 1181 
ft., with a maximum only 8 ft. longer and a minimum 
only 11 ft. shorter than the average). However, when 
any change was made, such as in locomotives used, in 
per cent braking power of locomotive and tender, or 
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in brake shoes such as the replacement of a number 
of worn shoes by new ones, or the gradual wearing in 
of the brake shoes on the whole train, during the early 
part of a new series of tests, the length of stop obtained 
would vary, showing that the effect of new factors so 
introduced might be considerable. 

The results of the complete series of cheek runs indi- 
eated that the variations are unavoidable, except by 
the most careful provision for the constancy of all 
factors which have an effect on the stop. The brake 
shoe bearing is the most difficult factor to control and 
at the same time it is the most potent in producing 
variations in brake performance. 

An example of the importance of the brake shoe con- 
dition and the manner in which it can be affected was 
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EQUIPMENT 


afforded by one of the check runs with the standard 
(single shoe) brake rigging. This stop of 1049 ft. was 
the shortest 60 m.p.h. train stop actually made with 150 
per cent braking power. Had the cars been stopped 
alone, i.e., without the locomotive, this stop would have 
been approximately 960 ft. This was not only the 
shortest stop made with this train, but was shorter than 
any check run with trains equipped with clasp brake 
rigging. It was made under peculiarly favorable con- 
ditions; while it was the first run of the day, the rail 
condition was good and the test followed nine tests 
at a low (90 per cent) braking power which insured the 
best possible shoe bearing. The favorable shoe bearing 
was further contributed to by the light service applica- 
tions made during the movement of the train from and 


to the test ground and by the standing of the train over 
night. 

On the other hand the longest stops of the check runs 
with any arrangement of brake rigging were also made 
with this same train (single shoe rigging), under iden- 
tical conditions so far as could be provided, of air brake 
mechanism, brake rigging and all other controllable 
factors, but after the shoe conditions became unsatis- 
factory, due to many shoes running partially off the 
wheel. Three such stops were 1359 ft., 1361 ft., and 
1389 ft, respectively from 60 m.p.h., or over 300 ft. 
longer than the short stops mentioned in the preceding 
paragraph. This shows that for a constant set of con- 
ditions (other than that of the brake shoes) the short- 
est and also the longest stops of the entire series of 
comparative tests were brought about by variations in 
brake shoe condition alone. 


TESTS WITH NO. 3 CLASP BRAKE ON SINGLE CAR 


The No. 3 clasp brake was applied to but one car 
and in making tests this car was separated from the 
locomotive before reaching the point on the test track 
at which the brakes were automatically applied, so that 
the stop of the car alone might be observed. This af- 
forded an opportunity for controlling the conditions 
and insuring a freedom from influences other than those 
under investigation or beyond control which is attain- 
able to a very much less degree in making breakaway 
stops with a number of cars and to a still less degree 
when making stops with a complete train of locomo- 
tive and cars. On the other hand, however, the fact 
that the individual cars necessarily differ in perform- 
ance must not be overlooked, and the performance of 
a single car cannot be accepted unreservedly unless it 
is known that the car tested is fairly representative in 
every way of all cars in its class. 

In studying the stops made with the No. 3 clasp 
brake, the distance of the stop being plotted against 
the actual per cent braking power realized, calculated 
from the brake cylinder pressure observed for each 
test, there was again shown a variation in length of 
stop of nearly 300 ft., which can be attributed to vari- 
able brake shoe action alone, since other conditions 
were maintained substantially consistent. An impor- 
tant consideration in this connection is that this vari- 
ation occurred when even the longest of the stops were 
themselves relatively short. This is a condition that 
renders any further shortening of the stopping dis- 
tance by any of the means within control of the de- 
signer, an exceedingly difficult task. 


GENERAL COMPARISONS OF STOP 


Figs. 24-26 are chosen from the large number of sim- 
ilar comparisons contained in the complete report to 
illustrate how the data obtained permits of making a 
great variety of comparisons, according to the kind of 
comparative data desired. The diagrams are self ex- 
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planatory, showing average results expressed in terms 
of the length of the stop under different conditions of 
train make-up, air brake equipment on cars and loco- 
motive, kind of brake application, per cent of braking 
power, type of brake rigging, type of brake shoes, and 
speed. 

Certain variables were encountered during different 
tests which were found to have more or less effect on 
the comparative value of the averages. As there was 
no satisfactory means for compensating for these vari- 
ables, however, such averages as are so affected have 
been classified as follows: 

(1) Car stop affected by locomotive. 

(2) Braking power decidedly lower than tests of 
other brake rigging or of the same brake 
rigging at other speeds, with the same air 
brake equipment. 


(Figures represent length of stop) 
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Fig. 24 Comparisons oF EMERGENCY Stops with Various 
EQUIPMENTS AND NOMINAL PERCENTAGES OF BRAKING POWER 


(3) Braking power decidedly higher than on tests 
of other brake rigging or of the same brake 
rigging at other speeds, with the same air 
brake equipment. 

(4) Speed 4 m.p.h. or more, less than nominal. 

(5) Bad shoe condition. 

COMPARISONS BETWEEN SINGLE CAR AND 12-CAR TRAINS 
In making comparisons of the effects of the various 
percentages of braking power on the length of stop of 
the complete train of locomotive and 12 cars it should 
be remembered that the nominal per cent braking 
power (unless qualified) represents the braking power 
of the cars. In train tests, due to lower braking power 
of the locomotive and tender, the per cent braking 
power of the train, as a whole, is somewhat reduced. 


For example with a K locomotive and tender half 
loaded the following table shows the braking power of 
the cars and of the train as a whole: 

Twelve Cars and K Loco- 
motive (Tender half loaded ) 
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Fic. 26 Comparisons or SINGLE Car EmerGency BrREAKAWAY 
Stops with Various NoMINAL PERCENTAGES OF BRAKING 
PoWER 


The load on the tender was observed for each test, 
and due allowance was made for this in calculating the 
per cent braking power based on the actual brake cylin- 
der pressure obtained for the entire train. 

Figs. 27 and 28 illustrate the characteristic change 
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in length of stop for different initial speeds of the train, 
other conditions being substantially standard. Fig. 27 
shows the average results obtained with locomotive and 
12 car train using the ordinary standard (single shoe) 
brake rigging, electro-pneumatic air brake equipment 
and ordinary unflanged brake shoes with various per- 
centages of braking power on the cars. 

The curves shown for train stops from various speeds 
with the No. 3 clasp brake (Fig. 28) have been derived 
from the single car stops by assuming that the same 
ratio exists between the single car and train stops with 
the No. 3 clasp brake as was found to exist between the 
single car and train stops of the No. 3 clasp brake. 
This is believed to be the best possible calculation that 
can be made of the probable train stops with the No. 3 
clasp brake (for which only single ear breakaway tests 
were available) which would compare with those shown 
in Fig. 27. 

From the data of all the single car, 60 m.p.h. break- 
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Fic. 27 Comparison or Trartn EMERGENCY Stops, FROM 
Various SPEEDS AND PERCENTAGES OF BRAKING POWER, 
STANDARD SINGLE SHOE BRAKE 


away stops, the curves of Fig. 29 have been plotted to 
show not only the observed relation between the length 
of stop and per cent braking power but also how this 
relation changed for different types of brake shoes and 
brake rigging tested and again, according to whether 
the several best or the average of all fairly compara- 
tive stops were considered. 
ESTIMATED TRAIN STOPS, NO. 3 CLASP BRAKE 


The various types of car brake rigging used during 
the tests were applied to the 12 cars of the test trains, 
with the exception of the No. 3 ¢lasp brake rigging. 
The No. 3 clasp brake was applied to but one car and 
all tests made in connection with this rigging were sin- 
gle car breakaway stops. In order to make the data 
of these tests comparable with the tests of other types 
of brake rigging it would be necessary to compute the 
probable 12 car train stops of the No. 3 clasp brake 
from thé data of the actual single car breakaway stops. 
With this object in view a series of separate locomo- 
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tive tests were made in order to determine accurately 
the performance of the locomotive. 

When the electro-pneumatic equipment is used the 
probable stop of a train of any number of cars and 
locomotive may be calculated from the following ap- 
proximate formula, when the length of stop and weight 
of a single car and of the locomotive are separately 
known. This method does not take into account the 
difference between the time elements of the brake ac- 
tion on the locomotive and on the ears, which, however, 
is very small with this equipment, its effect amounting 
te about three ft. in the computation of a 1000-ft. stop. 

W.S, 

Where W, = weight of train, locomotive and ears in Ib. 
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Fic. 28 Comparison or Train EMERGENCY Stops FROM 
Various SPEEDS AND PERCENTAGES OF BRAKING POWER, 
No. 3 BRAKE 


W, = weight of locomotive in lb. 

W.. = weight of a single car in lb. 

S, = length of stop of train in ft. 

S. = length of stop of a single car in ft. 
S, = length of stop of locomotive in ft. 

It will be noted that by means of the above formula 
a 12 ear and locomotive train stop can be computed for 
any initial speed, provided the necessary single car and 
separate locomotive test data are known for the same 
speed. 

For example, from the data of the best stops with 
the No. 3 clasp brake, flanged shoes, single car break- 
away tests, we have: 

W.. = weight of car = 125,200 lb. 
12W,, = 1,502,400 Ib. 
W, = weight of locomotive = 414,800 Ib. 
W, = W, + 12 W,. = 1,917,200 Ib. 
S, = 1552 ft., stopping distance of locomotive 
alone from a speed of 60 m.p.h. 
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S. = 991 ft., stopping distance of single car valve was used with the ET equipment on the loco- 
alone at 90 per cent braking power motive, a shorter stop was obtained and in order to 
from a speed of 60 m.p.h. work out the train stop according to the above formula 
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Substituting these values in the following expression 


W.S.S for this condition it would be necessary to substitute 

S.=<s Solan for the value of 8; = 1552 ft., the value of 8, = 1228 

SWitS, 12W. ft., which was the average stopping distance of the lo- 
1,917,200 991 1552 


= g — comotive from a speed of 60 m.p.h. when using the 
991 414,800-+- 1552 1,502,400 special high-pressure emergency bypass valve. 
S, = 1075 ft. The data of the best single car breakaway stops made 


Where the special high-pressure emergency bypass with the No. 3 clasp brake from a speed of 60 m.p.h. at 
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various percentages of braking power, with both plain 
cracked and flanged cracked shoes, are shown in Fig. 
29. Using these data as a basis and combining with 
them the data of the separate locomotive tests, complete 
train stops were computed as described and have been 
plotted in Fig. 30. It will be noted that for each type 
of shoe two curves are shown. In each case the dotted 
and solid lines represent the train stops which would 
be obtained if the locomotive were operated respec- 
tively with or without the special high-pressure emer- 
gency bypass valve. 

Fig. 30 is also of interest in that it shows the gain 
from the use of flanged instead of unflanged shoes. 
The best single car breakaway stop with flanged shoes 
from 60 m.p.h. and 180 per cent braking power was 
725 ft. This is equivalent to a 12 car train stop, using 
the standard ET locomotive equipment, of 795 ft. (Fig. 
30). 


LRAKING POWER, SERIAL ACTION AND SHOCKS—-LOW SPEED 
STOPS 


There is but little on record concerning the likelihood 
of shocks due to a high emergency braking power 
quickly applied at low speeds, although the general im- 
pression is that emergency applications, even at 60 
miles per hour or over, are likely to be rough or even 
dangerous to passengers. This is a wrong impression. 
It is well known to all who have observed the action of 
brakes at high speeds (and it was the invariable expe- 
rience during these tests) that the higher the speed 
the less noticeable is the application of the brakes. 


The use of the UC pneumatic and electro-pneumatic 
equipments at the same speeds, percentages of braking 
power and otherwise similar circumstances, afforded an 
opportunity to demonstrate the most important fact in 
this connection, namely, that the amount of braking 
power, by itself, has but little to do with the shock 
experienced. The rate of transmission of serial brake 
application in relation to the rate of build up of brake 
cylinder pressure on each car or, in other words the 
action of the slack between the different vehicles in the 
train, is the controlling factor. With the electro-pneu- 
matic brake, in which simultaneous quick action of the 
brakes on all vehicles is obtained, there was no shock 
at any speed or percentages of braking power except 
the slight shock on the first few cars due to the running 
out of slack which was to be expected on account of 
the relatively low braking power on the locomotive. 
On the other hand with the pneumatic equipment, hav- 
ing an appreciable time interval between the applica- 
tion of the successive cars in the train, shocks were 
experienced. 

The most marked evidence of the effect of the time 
element in the serial action of the brakes and resultant 
shocks, occurred during the emergency stops made 
from very low speeds. In four tests made with the UC 
pneumatic equipment at ten and at twenty miles per 
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hour, the resulting shocks, especially in the last third 
of the train, were extremely severe, being in effect a 
collision between the forward end of the train, which 
was almost stopped, and the rear end upon which the 
brake application was having but little, if any, effect 
at the time the rear end run-in occurred. The fact that 
this test was made with the UC pneumatic equipment, 
which was relatively slow in transmitting serial quick 
action, undoubtedly caused more severe shocks than 
will be experienced with the considerably smaller time 
element of the universal valve as subsequently mod:- 


fied. 


That shocks disappear entirely when the time ele- 
ment in the application of the successive brakes in the 
train is eliminated was shown by repeating the 10 
m.p.h. stop using the electro-pneumatie equipment. 
Notwithstanding that the stop was made in a shorter 
distance than before (37 ft., instead of 42 ft., and 45 
ft. respectively), the difference in the action of the 
train was marked. There was no shock or violent slack 
action, although a very high rate of retardation was 
produced. 


CHARACTERISTIC SPEED, RESISTANCE, DECELERATION AND 
POWER CURVES 

During any stop the retardation at different instants 
is dependent upon the resultant normal pressure of the 
brake shoes on the wheels, the instantaneous value of 
the coefficient of brake shoe friction, and the effect of 
the air and internal resistances. The difference be- 
tween the effects of the rotative energy of the wheels 
and the opposing air and internal resistances is rela- 
tively so small, compared with that due to the action 
of the brakes, that it does not require consideration 
here. The brake resistances increase as the brake cyl- 
inder pressure increases, during the time the brakes 
are being applied. After the maximum brake cylinder 
pressure is reached with the UC equipment, no further 
change in brake cylinder pressure takes place. Con- 
sequently, the resultant normal pressure is substan- 
tially constant from that point to the end of the stop. 
If the coefficient of brake shoe friction was constant 
throughout the stop, the resultant resistance and _ re- 
tardation would then be constant, and the speed-dis- 
tance curve would be a true parabola, while the speed- 
time curve would be a straight line. It will be of in- 
terest to check these conclusions with the results ob- 
tained in several typical tests. 

In order to study the relations of the factors above 
mentioned to the best advantage, typical single car 
breakaway stops, and stops with the locomotive alone 
have been chosen, which eliminates the disturbing in- 
fluences of slack action (which produce apparent 
changes in retardation which are not characteristic of 
the train as a whole), the variations in the retardation 
on the different vehicles comprising the train (which 
would require the averaging of all data for all cars in 
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order to arrive at a satisfactory relation betweeen cause 
and effect), the non-uniformity of brake rigging and 
brake shoe conditions (which can not be as satisfac- 
torily controlled on a train of a number of cars as on 
a single car) and the variable effect of the locomotive. 
Speed-time and speed-distance curves were plotted 
from the track chronograph records of the various 
stops chosen, and from the speed-time curve, time- 
deceleration and resistance curves have been plotted, 
the ordinate at any point on the deceleration curve be- 
ing proportional to the slope of the tangent to the 
speed-time curve at the corresponding point. 

The curves showing deceleration and resistance are 
not horizontal lines beyond the point where the brake 
becomes fully applied. The resistance is not constant 
but changes more or less as the speed of the train is 
reduced, especially toward the end of the stop, where 
a considerable and continual increase in retardation is 
experienced. As pointed out above, this occurs during 
the time the brake cylinder pressure is constant, and 
consequently the resultant normal brake shoe pressure 
is substantially constant. The conclusion, therefore, 
follows that the other factor, viz., the coefficient of 
brake shoe friction is changing and that the character 
of the changes which it undergoes is accurately por- 
trayed by the deceleration curves derived as explained. 
This characteristic change in the coefficient of brake 
shoe friction has been a matter of common observation 
in every instance where train tests or laboratory tests 
of brake shoes have been studied from this point of 
view. A further analysis of the influences which bring 
about the characteristic variations in brake shoe fric- 
tion will be found in the chapter on Brake Shoes. 

Having the deceleration and resistance curve thus 
plotted on a time basis, the value of the resistance at 
different distances from the point of brake application 
can be determined by the aid of the speed-time and 
speed-distance curves. In this way, the distance- 
deceleration and resistance curves were plotted. The 
work done during any portion of the stop is propor- 
tional to the area under the distance-resistance curve. 

In order to obtain the average resistance to the mo- 
tion of the train, it is necessary to integrate this curve. 
The shape of the curve at the beginning is determined 
by the more or less rapid rate of rise of brake cylinder 
pressure, which depends upon the kind of brake equip- 
ment being used. In order to arrive at a relation be- 
tween the force developed in the brake cylinder or at 
the brake shoe, and the resulting retarding force, it is 
advantageous to consider this relation from the stand- 
point of constant brake cylinder, or shoe pressure, 
throughout the stop. Consequently, it is desirable to 
replace the effect of the variable pressures acting dur- 
ing the time the brake is being applied by their equiva- 
lent effects, had the maximum pressure developed and 
held throughout the stop, been realized instantaneously. 
This can be done by determining the point of equiva- 


lent instantaneous application of retarding force, 
which is the point at which the maximum retarding 
force initially developed could have been applied in- 
stantaneously to produce the same effect on the speed 
of the train, as was realized from the gradual building 
up of retarding force that actually occurred. The 
amount of work required to reduce the initial speed 
of the train to the value which existed at the time the 
retarding force reached its initial maximum value, is 
proportional to the area under the distance-resistance 
curve up to this point. The same amount of work 
would be represented if the gradually rising resistance 
curve were replaced by a vertical line, representing the 
development of the same maximum retarding force in- 
stantly, but at a point such that the work done in the 
two cases is the same. 

Having determined the point of equivalent in- 
stantaneous application of the retarding force, the 
uverage resistance, during the time that the brake may 
be considered fully applied, can be found by integrat- 
ing the area under the entire distance-resistance curve 
and dividing this area by the total length of stop minus 
the distance from the start to the point of equivalent 
instantaneous application. 


TABLE 2. EMERGENCY 12 CAR TRAIN STOPS FROM 60 M.P.H 


STOP 


BRAKE BRAKE Am Brake NoMINaL 
RIGGING SHOES EQuIPMENT BRAKING 
POWER Best Ava. 
Standard Plain y 113 1659 1677 
Standard Flanged PM.. 113 1453 1453 
No. 1 clasp Plain UC pneumatic 125 1405 1443 
No. 2 clasp Plain UC pneumatic 125 No te sts 
No. 1 clasp. Plain UC electro-pneumatic 125 1338 1339 
No. 1 clasp Plain UC electro-pneumatic 150 1157 1204 
No. 2 clasp... Plain UC electro-pneumatic 125 1317 1332 
No. 2 clasp Plain UC electro-pneumatic 150 1097 1145 
No. 3 clasp Plain UC electro-pneumatic 
(estimated) 125 1055 
No. 3 clasp... Plain UC electro-pneumatic 
estimated) 150 965 
No. 3clasp.. Flanged. UC electro-pneumatic 
(estimated) 125 935 
No. 3 clasp Flanged UC electro-pneumatic 
(estimated) 150 860 


\ SUMMARY OF GENERAL RESULTS WITH A TWELVE CAR 
TRAIN 

Table 2, giving emergency 12 car train stops from 
60 miles per hour summarizes the stops obtained dur- 
ing the road tests and shows briefly the gain in stop- 
ping distance to be obtained by the use of flanged shoes, 
clasp brakes and the UC pneumatie or electro-pneu- 
matic equipment. 


VI. BRAKE SHOES 


Prior to starting the tests it was arranged to have 
the brake shoes made from special heats and to be as 
near as possible to the normal composition of standard 
cast iron shoes in order that the variation in brake 
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shoes might not affect comparisons of air brake equip- 
ment and the brake rigging. Before applying these 
shoes to the test train they were broken in on other 
trains to wear off the face surface or slight chill inci- 
dent to foundry practice. When so broken in, with an 
average of 14 in. of thickness removed from the face, 
Brinell hardness readings of the surface were taken 
and the shoes grouped according to hardness numbers. 

At the time of breaking-in the shoes for the test train 
a series of tests was made to determine the variation 
in hardness with respect to wear. The results of this 
investigation showed that when the shoe is new a wide 
variation in hardness may be expected between shoes 
made from the same heat, but that as the shoe wears 
down the hardness becomes fairly uniform and remains 
so, decreasing slightly as the shoe wears out. Although 
at that time no data were available, it was thought that 
Brinell hardness was an indication, not only of the 
ultimate strength of the face metal of the shoe but also 
was related in some way to the coefficient of friction. 
Later tests confirm this belief, but at this time the 
degree of this relation is not known. The indications 
are, however, that the harder the cast-iron material 
the lower will be the coefficient of friction and that the 
highest possible coefficient of friction from cast iron 
(at least under clasp brake conditions) is obtained with 
a material approaching the condition of the shoe when 
about three-fourths worn out and having a Brinell 
hardness number of about 190. 

The greatest uniformity of action and the highest 
friction seem to be obtained when the brake shoe bear- 
ing on the wheel is best. This condition would natu- 
rally be expected to follow a series of relatively light 
applications in the course of which the effects of tem- 
perature in warping the shoe are kept a minimum. 

It may be seen here that this most desirable condi- 
tion is precisely what results from the continued use 
of the brakes during service stops on the road and con- 
sequently the brake shoes as worn in ordinary train 
service are in the most favorable condition for making 
short emergency stops. In the tests this condition ap- 
peared at times to have been reached after several light 
braking power runs. Stops following such a series of 
runs were then shorter than similar stops following 
several tests at higher braking powers, other conditions 
being the same. This result seemed to be most con- 
sistently obtained with the single shoe train. 

The schedule of tests with the No. 3 clasp brake was 
arranged with this in mind, but the effect was not so 
noticeable in this case, there being indications that a 
good shoe bearing with the clasp brake might follow a 
small number of tests made at high braking power as 
well as a much larger number of tests made at lower 
braking power. The influence of previous tests on the 
shoe bearing for any particular test under. considera- 
tion is so obscured by other conditions, such as the gen- 
eral wearing in of the shoes that necessarily results at 
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any braking power, that the observations of the effect 
of the shoe dressing runs are of questionable value. 

A consideration of the results of the warping of the 
shoe led to the conclusion that the warping could be 
largely eliminated by slotting or cracking the shoes so 
that they would be more free to conform to the contour 
of the wheel. As a matter of fact, this cracking takes 
place with either plain or flanged shoes after a number 
of runs have been made. 

As a further study of the influence of bearing area 
on the performance of brake shoes, tests were made 
with the same shoes as in the slotted shoe tests but with 
the ends broken off and their area reduced by 50 per 
cent. The first stop was made in 1031 ft. This was 
almost as short as the shortest stop made under similar 
conditions with the full area unslotted shoes (1007 ft.). 
Subsequent tests with these partial area shoes resulted 
in stops of 1210, 1190, 1193 and 1134 ft. All of these 
stops were with the brake shoes at a high temperature. 
These results tend to confirm the conclusion that the 
bearing area rather than the total face area of the shoe 
is the important factor in brake shoe performance, and 
that the bearing area on the first test with half area 
shoes was substantially as effective as that of the full 
area solid shoes which were undoubtedly affected by 
warping to a considerably greater extent. Further- 
more, the much longer distances run in the four stops 
following the first with the one-half area shoes dem- 
onstrated the effect of shoe temperature which was off- 
setting the probable tendency of the better bearing 
area condition originally secured as a result of the re- 
duced warping effect. 

The advantage of an increased bearing area was dem- 
onstrated beyond question by the fact that the use of 
flanged brake shoes after being worn to a satisfactory 
bearing, resulted invariably in a shorter stop than un- 
der similar conditions with unflanged shoes. The short- 
est stops made in the entire series of tests were with 
flanged brake shoes and their use shortened the stop 
approximately 12 per cent as compared with the best 
similar tests in which unflanged shoes were used under 
similar conditions. This comparison is_ illustrated 
graphically in Fig. 30. 

Up to the time of these tests there was no definite 
laboratory test information which would apply to the 
particular braking conditions under investigation, espe- 
cially with reference to the actual brake shoe perform- 
ance as distinguished from the brake rigging perform- 
ance. To supplement the road tests, a series of labora- 
tory tests was carried out on the brake shoe testing 
machine of the American Brake Shoe and Foundry 
Company, at Mahwah, N. J. 

A study of all the bearing area measurements leads 
to the conclusion that none of the values of the bearing 
areas determined are sufficiently accurate to establish 
a true relation between bearing area, pressure density 
and mean coefficient of friction. However, the data 
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are such that it is possible to conclude that the magni- 
tude of the bearing area does change throughout the 
stup and is greatest near the end of the stop. It was 
noticed that the bearing area shifted; that is to say, a 
spot which was found in the bearing area early in the 
stop, was found in the non-bearing area later in the 
stop. 

To determine the effect of bearing area upon the 
mean coefficient of friction, the mean value of the brake 
shoe bearing area throughout the stop is necessary, 
rather than the total and relatively high value observed 
after the stop. A study of the data in a general way 
shows that the greater the pressure per square inch of 
bearing area, the lower will be the mean coefficient of 
friction. 

The temperature observations taken cannot be used 
to establish a definite relation between the temperature 
of the working metal and the mean coefficient of fric- 
tion, for the actual temperatures existing at the bear- 
ing area were not determined. The readings evidently 
indicated only the temperature of that portion of the 
shoe surrounding the pyrometer element. If this por- 
tion of the shoe happened to be in working contact with 
the wheel, the temperatures would be correspondingly 
high, but when the bearing area shifted to some other 
place on the face of the shoe the pyrometer indicated 
merely the temperature increase due to the conduction 
from that part of the shoe at which the heat was being 
generated. 

For this reason the maximum temperature readings 
were very erratic and it was found that the only 
method which would give uniform temperature read- 
ings was to allow sufficient time after an observed 
maximum reading to permit the heat to become uni- 
formly distributed by conduction throughout the whole 
shoe. It was found that the shoe temperature thirty 
seconds after maximum was consistent and propor- 
tional to or a function of the initial test speed, because 
the total amount of energy dissipated by the shoe in 
any stop will be proportional to the square of the speed 
and while some of this energy will pass into the wheel 
in the form of heat and some will pass off with the 
sparks, a proportional amount will produce a rise in 
the temperature of the shoe as a whole. 

However, it is not reasonable to look for evidences 
of the effect of the temperature of the whole brake shoe 
on the coefficient of friction, when it is appreciated that 
the temperatures at the working surfaces greatly ezx- 
ceed the marimum temperatures ever reached by the 
shoe as a whole. Consequently for a correct under- 
standing of the relation between temperature and co- 
efficient of friction it is necessary to examine minutely 
the phenomena which occur during the development 
of brake shoe friction and to study the action of the 
materials immediately concerned in this process. 

Fig. 33, to an enlarged scale, illustrates how the 
slight inequalities of the two surfaces in contact can 
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interlock and resist relative movement. If the top 
surface is regarded as stationary any movement of the 
lower surface in the direction indicated by the arrow 
will be resisted by a force made up of two components: 

a ‘Tearing or abrasion of some of the surface pro- 
jections which are interlocked; in other words, by 
shearing off the interlocking projections. 

b_ By the lifting or unlocking of some of the surface 
projections which would require forcing the surfaces 
apart against the normal pressure until the minute pro- 
jections on the surface successively cleared. 

In brake shoe friction the first component, namely, 
tearing or abrasive action between the minute inter- 
locked portions of the bearing surfaces is the important 
factor. Consequently the retarding force developed 
bears some relation to the ultimate strength of the 
metal which undergoes abrasion, because the action of 
abrasion consists of the pulling apart, or crushing of 
the particles of the contact surfaces. Practically none 
of the abrasive action takes place on the wheel, due 
to the harder and tougher nature of the wheel surface 
and the fact that the surface of the wheel is not con- 
tinuously in contact with the brake shoe while the brake 
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shoe is in continuous contact with the wheel. Inas- 
much as the tearing or abrasion of the metal particles 
can take place only in the thin layer of the shoe metal 
which is in contact with the wheel, and as the actual 
contact area is but a portion of the total face area of 
the shoe, it is evident that the generation of the retard- 
ing forces and consequent absorption of the energy of 
the moving train is dependent upon but a very small 
quantity of brake shoe metal. 

The result of this condition is that the metal in the 
state of abrasion undergoes a very rapid rise in tem- 
perature ; and the indications are that the temperature 
of the working areas of the brake shoe is changing con- 
tinuously, because when one set of particles is torn off 
energy is dissipated in the form of heat so that the next 
particles to be torn off are ut a higher temperature than 
the first. This process appears to continue until the 
surface of the metal in abrasion reaches such a tem- 
perature that the force required to tear the particles 
away is greatly reduced. The abrasive action then 
seems to be extremely rapid until the bearing of the 
shoe shifts to some other and cooler spot on its surface, 
not previously in the same degree of contact with the 
wheel. The action may then be repeated and the bear- 
ing area may thus shift from one portion of the surface 
to another during the stop. 
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Unquestionably the constantly changing temperature 
of the contact surface has an important relation to the 
force of retardation developed by the tearing down of 
the metal particles. The resistance due to abrasion is 
dependent on the ultimate strength of the cast iron. 
It is well established that above a critical temperature 
(approaching 900 deg. fahr.) the ultimate strength of 
east iron decreases rapidly and that at or above red 
heat temperatures (1400 deg. to 1800 deg. fahr.) its 
ultimate strength is greatly reduced. 

The foree of retardation due to abrasion and the 
corresponding mean coefficient of friction will there- 
fore be a function of the constantly changing, but al- 
ways high, temperature of the working metal. Obvi- 
ously the lower the mean temperature can be main- 
tained, the higher will be the mean coefficient of fric- 
tion as long as this average temperature is above the 
critical temperature at which the ultimate strength of 
cast iron is a maximum. 

Unless the brake shoe is of such a nature or in such 
a condition that a large proportion of its face area is 
in working contact with the wheel, and remains so, the 
principal factor in producing high friction for any 
given braking condition appears to be the frequent 
shifting of the bearing area from the heated to the 
cooler spots over the face of the shoe. If a shoe has 
a relatively small bearing area, that cannot shift, the 
wheel is forced to wear the highly heated and inef- 
fective shoe metal rapidly away, and successively ex- 
poses cooler metal, which is better able to offer re- 
sistance and absorb energy. 

If the friction characteristics developed by a given 
brake shoe under a given combination of conditions 
depend, as appears probable from the foregoing con- 
siderations, upon the frequent shifting of the contact 
areas of the shoe surface, the instantaneous as well as 
the average values of the frictional resistance of the 
brake shoes during a stop are functions of: (A) The fit 
of the shoe to the wheel; (B) the flexibility of the shoe ; 
(C) the available bearing area. 

A_ The fit of the shoe to the wheel has an important 
influence on the facility with which the contact area 
can shift. If an ordinary metal brake shoe fits well, 
according to the ordinary understanding of this ex- 
pression, it necessarily cannot bear on the wheel equally 
at all portions of its surface. But when wear takes 
place, only a comparatively small amount of metal has 
to be worn off the bearing spots in order to bring cooler 
spots into contact, and consequently a good fit of the 
shoe will guarantee against the possibility of the bear- 
ing area being held concentrated at any particular 
spots, after they have become heated to a point where 
the metal breaks down rapidly and offers a compara- 
tively poor resistance. 

B_ The effect of warping is clearly shown by the 
comparative performance of a solid shoe of any type 
and a similar shoe slotted so as to make it more flexible. 
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In every case the slotted shoe has a decided advan- 
tage. With a warped shoe the bearing area cannot 
shift readily and consequently the average temperature 
of the working metal is high and a correspondingly low 
mean coefficient of friction is obtained. During the 
tests of the solid shoes, a shoe would often be observed 
to be warped in such a manner that it touched the wheel 
only at each end while at the center of the shoe the two 
surfaces were 1/32 in. apart, although the full braking 
power was applied to the shoe to foree it against the 
wheel. Under such conditions the temperature of the 
bearing area would rise until the red heat had pene- 
trated the shoe fully 4g in. In such cases the bearing 
area would not shift to a cooler part of the shoe until 
sufficient metal had been worn off to offset the effect of 
the warping. The uneven heating effect caused by the 
concentration of the bearing area at the two ends of 
the shoe would in turn cause the shoe to warp so that 
the ends of the shoe would be drawn away from the 
wheel and the bearing area again held for a compara- 
tively long time at one spot at the center of the shoe. 
Such tests invariably resulted in longer stops or lower 
mean coefficient of friction than was the case with the 
same type of shoe slotted. 

The resulting higher average temperature of the 
working metal due to the action of warping also re- 
sulted in a greater rate of wear. All the data of shoe 
wear show that shoes of the same type and hardness 
had a high rate of wear per unit of energy absorbed 
when a low coefficient of friction was developed and 
likewise a lower rate of wear when a higher coefficient 
of friction was developed. In other words when the 
coefficient of friction is high, the average temperature 
of the working metal must be comparatively low and 
therefore the metal torn from the surface of the shoe 
works more effectively because it is at a lower tempera- 
ture and consequently less metal is required to do a 
given amount of work. 

C The shifting of the bearing area will tend to be 
more rapid if the size provides more available area for 
shoe bearing. The average working temperature will 
also be reduced because a shoe of large area, such as a 
flange shoe provides better facilities for radiating and 
conducting heat away from the working surfaces. This 
is borne out by the better performance of the flange 
shoes in comparison with the plain shoes, both solid 
and slotted. 

The results of both road and machine tests on brake 
shoes have shown that the coefficient of friction under 
any condition of braking power is dependent upon the 
initial speed, and the coefficient of friction tends to 
decrease as the speed is increased. This condition can 
be expected from the fact that the total energy to be 
absorbed during a given stop is always proportional 
to the square of the initial speed. The effect of the 
higher speeds is to increase the rate at which the tem- 
perature of the working metal changes, and although 
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the actual bearing areas will shift more rapidly, the 
greater tendency to a general heating of the shoe re- 
duces its ability to conduct or radiate heat from the 
face of the shoe. For these reasons the average tem- 
perature of the working metal is consistently higher at 
higher speeds, and the coefficient of friction corre- 
spondingly lower. 


VIL. CONCLUSIONS 
AIR BRAKE 


The characteristics of the mechanism available for 
controlling the air pressure in the brake cylinders de- 
termine in a large measure the length of the emergency 
stop, the reliability and flexibility of the brake opera- 
tion in service applications and in general the safety, 
convenience, comfort and economy of train control. 

The state of the art has been advanced to a marked 
degree in all of these directions by the developments 
of recent years as exemplified in the apparatus used in 
these tests. What has been accomplished can be broadly 
summarized as follows: 

(4) Desired results are insured with greater cer- 
tainty. 

(B) Undesired results are guarded against more 
effectively. 

(C) An adequate capacity for present and future 
requirements is provided. 

In service applications with the improved (UC) 
equipment a greater flexibility of operation is provided. 
That is, the braking power per pound of brake pipe 
reduction is lower, thus giving the engineer a greater 
time in which to use judgment when manipulating the 
brakes. At the same time, however, the maximum 
braking power obtainable in a full service application 
is higher. 

A more sensitive and prompt release of the brakes is 
insured, tending to improve the releasing action of all 
brakes in the same train of mixed old and new equip- 
ments. 

The action of the old and the new equipments mixed 
in the same train is harmonious and free from rough 
slack action or shocks both in service and emergency 
operation. 

The UC equipment is adaptable to any weight of car 
and may be installed to furnish any desired nominal 
per cent of braking power. 

With the new equipment operating electrically or 
pneumatically, there is always available a quick acting 
and fully effective emergency brake. This is not the 
ease with the old equipment, in which the relation of 
the service and emergency functions is such that a 
quick action application could not be obtained after a 
service application of any consequence. The following 
average results indicate the degree to which this dif- 
ference has an effect on the length of stop. Consider- 
ing the ordinary full service stop from 60 miles per 
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hour with both brakes (say 2000 or 2200 ft.) as 100 
per cent, the attempt to make an emergency application 
with the old equipment does not produce any shorter 
stop than if only a full service application were made. 
With the improved apparatus operating pneumatically, 
an emergency application following a partial service 
application will shorten the stop about 14 per cent and 
after a full service application about 10 per cent. 

With the electro-pneumatic brake these figures are 
respectively 23 and 15 per cent. 

An electrically controlled brake application has been 
recognized as ideal ever since the report to this effect 
presented by the Master Car Builders’ Committee in 
charge of the famous Burlington Freight Brake Trials 
in 1886 and 1887, for the reason that thereby the time 
element in starting the application of the brakes on 
various cars in the train is eliminated, a correspond- 
ingly shorter stop made, and the possibility of shocks 
at any speeds removed. With the new brake apparatus 
the effectiveness of the pneumatic emergency applica- 
tion is so considerably increased that the saving in time 
due to electric control has proportionately less influ- 
ence on the length of stop, but its effect in eliminating 
serial action and consequently the possibility of shocks 
due to brake application is of correspondingly greater 
importance. 

The graduated release feature of the improved brake 
apparatus permits stops to be made shorter, smoother 
and with a greater economy in time and compressed 
air consumption. 

The new apparatus can be applied to give only the 
equivalent of the old standard apparatus if desired but 
in such a form the complete new apparatus can then 
be built up by the addition of unit portions to the sim- 
plest form of the mechanism. 

The electro-pneumatic brake acts as an automatic 
telltale in cases of malicious or accidental closing of an 
angle cock after the train is charged by permitting all 
the brakes to apply, it being thereafter impossible to 
release the brakes behind the closed cock until the cock 
is opened. 

The PM equipment will start to apply on a brake 
pipe reduction of 2 Ib. A 4-lb. brake pipe reduction 
is required to start an application with the UC equip- 
ment, thereby preventing undue sensitiveness to ap- 
plication on slight, unavoidable fluctuations in brake 
pipe pressure. As a bona fide service reduction of more 
than 4 lb. continues, the rate of attainment of braking 
power is the same as if no stability feature had existed. 

The attainment of full service braking power on the 
entire train with the UC equipment operating pneu- 
matically was 16 seconds, 33 per cent longer than with 
the PM equipment because of the smaller size reservoirs 
used for greater flexibility. 


Full service braking power was obtained in nine sec- 
onds with the electro-pneumatic brake but without sac- 
rificing desirable flexibility because of the increased 
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sensitiveness of control when operating the brakes 
electrically. 

The time of transmission of serial quick action 
through the brake pipe is practically the same with 
UC and PM equipments. 

The time to obtain full emergency braking power 
with the PM equipment on the entire train was 8 sec- 
onds; with the UC equipment operating pneumatically 
3.9 seconds or 56 per cent shorter; with the electro- 
pneumatic equipment 2.25 seconds or 72 per cent 
shorter. 

The gain in emergency stopping power of the electro- 
pneumatic equipment over the PM equipment results 
from: (a) the shorter time oceupied in applying the 
brakes; (b) a higher brake cylinder pressure obtained ; 
(c) the holding of the pressure as obtained, without 
blow-down, as with the high-speed reducing valve of 
the PM equipment. 

Designating the time of equivalent instantaneous 
application of retarding force by ¢t, and the braking 
power, corresponding to the brake cylinder pressure 
obtained, by P, the values of ¢t for emergency applica- 
tions with the PM equipment 12 car train range from 
2 to 2.5 seconds, for the UC pneumatic from 2 to 2.5 
and for the electro-pneumatic from 0.7 to .85 seconds. 
The observed average value for P, with the PM 
equipment (for a nominal 113 per cent braking power 
on the cars) ranges from 95 per cent to 100 per cent. 
With the UC pneumatic equipment and electro-pneu- 
matic equipment, nominal emergency braking powers 
of 90, 125, 150 and 180 per cent were used, which, due 
to locomotive effect, become for the complete train 90, 
117, 137 and 160 per cent respectively. 

With the electro-pneumatic brake a uniform increase 
in per cent of braking power results in a substantially 
uniform decrease in length of train stop. An increase 
of 5 per cent in braking power reduces the length of 
stop about 2 per cent within the range of braking pow- 
ers tested. 

The available rail adhesion varies through wide lim- 
its, e.g., from 15 per cent in the case of a frosty rail 
early in the morning to 30 per cent for a clean, dry rail 
at mid-day. 

The amount of wheel sliding depends more on the 
rail and weather conditions than on the per cent brak- 
ing power. Some sliding was experienced with braking 
powers as low as 90 and 113 per cent where rail condi- 
tions were unfavorable, but 180 per cent braking power 
did not cause wheel sliding with good rail conditions. 

The effect of excessive wheel sliding was to make the 
length of the stop about 12 per cent greater than sim- 
ilar stops without wheel sliding. 

A braking power low enough to eliminate the pos- 
sibility of wheel sliding on a bad rail results in longer 
stops than could be considered satisfactory for general 
service. Since good rail conditions prevail a large part 
of the time, the preferable emergency braking power 
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is that which, considering the installation conditions, 
will stop trains at all times in as short a distance as 
can be accomplished without trouble from wheel slid- 
ing in such cases as are to be anticipated when emer- 
gency stops have to be made under unfavorable rail 
conditions. Advantage might be taken of this fact to 
use a higher braking power in summer than could be 
used in the winter with the same degree of freedom 
from objectionable wheel sliding. 

The relation between the opposing forces on the 
wheel when sliding is about to commence can be ex- 
pressed as follows :— 


r= Hy, 
Pwef, = wf, 
fr 

= 


in which 
F = tangential retarding force of shoe on wheel 
H»,—= maximum force of friction between wheel 

and rail (at instant of slipping) 

P = nominal per cent braking power 

w = weight on wheel, Ib. 

é = transmission efficiency of brake rigging 

f. = coefficient of brake shoe friction 

f, = coefficient of rail friction 

This establishes the value of the per cent braking 
power which must exist at each instant of the stop if 
the vehicle is to be brought to rest in the shortest pos- 
sible distance. 

But it has already been shown that if other condi- 
tions are constant a change in braking power will pro- 
duce a corresponding change in the mean coefficient of 
brake shoe friction, the relation derived for the condi- 
tions under consideration being 

0.12 
Substituting this value of f, in the above equation for 
P, we have 


0.12¢ 
—~0.12e 


For a 60 m.p.h. stop on a good rail f, can safely be 
taken at 25 per cent and e for four-wheel trucks can be 
made at least 85 per cent. 

Then 


for which 


P = 470 per cent 
This, of course, is beyond the range of the tests which 
9 
furnished the data from which the relation f, = pus 
was derived, and consequently the result signifies noth- 
ing more than that, under the conditions assumed above, 
an extremely high nominal braking power would be 
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necessary in order to cause the wheels to slide. As a 
matter of fact, tests at about 400 per cent nominal brak- 
ing power are on record in which practically no sliding 
occurred. 

On the other hand, considering the variation in co- 
efficient of brake shoe friction and rail friction that 
must be counted upon in service, it is advisable to limit 
the tangential retarding force, F, to a value less than 
H,, by an amount J which is proportional to the de- 
gree of protection against wheel sliding considered nec- 
essary under the ordinary condition of rail likely to be 
encountered, including also due allowance for the effect 
of surges in the train, non-uniformity of braking con- 
ditions on different vehicles, reasonable protection 
against excessive wheel sliding under bad rail condi- 
tions and all other causes tending to cause the wheels 
to slide. 

The equation of condition is then 

F=H,—I1 

The value of J is entirely arbitrary, due to the wide 
range of variation of its elementary factors, according 
to locality, time of year, state of weather, character of 
train and equipment and so on. 

For the purpose of illustrating the extreme opposite 
to that given above, suppose that J be taken as 0.25 Hy. 
Then 

F = 0.75H 


p- 0.75f. 
cf. 
Again assuming the relation f, pe ‘iw a8 above, we 
have 
poser — 6.25 
€ 


Considering ¢ 85> per cent as before and taking 
f, = 12 per cent, which was the lowest observed rail 
friction, under as poor rail conditions as could well be 
imagined, we have 
581 6.25 0.12 
0.85 
from which P = 81 per cent. 

As a matter of fact some wheel sliding was obtained 
during the tests with 85 per cent to 90 per cent braking 
power when very bad rail conditions prevailed. For 
practical purposes a conservative value for f, would be 
15 per cent. If now a nominal braking power of 150 
per cent is used the corresponding margin J against 
wheel sliding can be caleulated from the formula 
I = kH, and F = Hy» — kHy = (1 — k) Hn = CH; 

F Pef. posts 
from which C = = 

Substituting the values P = 1.5, e = 0.85 and f, = 
0.15, we have 
& 0.85 


from which C = 0.86 
therefore F = 0.86H,, 


and k=1-—-C=-014 

That is to say, under the assumed conditions, when 
using a braking power of 150 per cent with as bad a 
rail condition as is represented by the extremely low 
value f, = 15 per cent, the mean retarding force de- 
veloped by the brake shoe is still 14 per cent less than 
the adhesion of the wheel to the rail. 

The amount of wheel flattening when sliding occurs 
depends upon the weight upon the wheels, the materials 
in the wheels and rails, and the condition of the rail 
surface. The rail surface may be such that relatively 
long slides will produce but small flat spots, or, con- 
versely, short slides may produce flat spots of a size 
requiring prompt attention. 

When the UC equipment is used on the cars an ar- 
rangement giving a high emergency braking power on 
the locomotive, with a blow-down feature, has advan- 
tages as follows: 

(a) Shocks between locomotive and cars practi- 
cally eliminated 

(b) Shorter stops 

(c) No more wheel sliding than to be expected 
with the present installation of ET equip- 
ment. 


BRAKE RIGGING 


An efficient design of brake rigging must be pro- 
duced before the advantages of improved air brakes 
or brake shées ean be fully utilized. 

The use of the clasp type of brake rigging eliminates 
unbalanced braking forces on the wheels and so avoids 
the undesirable troublesome journal and truck reac- 
tions that come from the use of heavy braking pres- 
sures on but one side of the wheel. This has an im- 
portant effect not only on freedom from journal 
troubles but also in enabling the wheel to follow freely 
vertical inequalities of the track. 

The clasp brake also improves the brake shoe condi- 
tion materially, both as to wear and variability of per- 
formance. 

Although the clasp brake rigging will produce better 
stops than a single shoe brake rigging equally well de- 
signed (other conditions being equal), its advantage 
in this direction is of less importance than in the im- 
proved truck, journal and shoe conditions mentioned 
above. 


The tests indicated that at least 85 per cent trans- 
mission efficiency could be obtained with either single 
shoe or clasp brake rigging. 

The following features were observed to be of im- 
portance if maximum overall brake rigging efficiency 
is to be seciired: 

(a) Protection against accidents that may result 
from parts of rigging dropping on the track. 

(b) Maximum efficiency of brake rigging at all times 
to insure the desired stopping with a minimum per cent 
of braking power. 
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(c) Uniform distribution of brake force, in relation 
to weight braked, on all wheels. 

(d) With a given nominal per cent braking power, 
the actual braking power to remain constant through- 
out the life of the brake shoes and wheels. 

(e) Piston travel to be as near constant as practica- 
ble under all conditions of cylinder pressure. 

(f) Minimum expense of maintenance and running 
repairs of brake rigging between the shopping of cars. 


BRAKE SHOES 


The brake shoe bearing was the most difficult factor 
to control and at the same time the most potent in pro- 
ducing variations in brake performance. 

The tests established the possibility of a variation of 
15 to 20 per cent in length of stops from 60 m.p.h. with 
all factors except brake shoe condition remaining sub- 
stantially constant. Continued stopping with moder- 
ate braking pressures produced a constantly improving 
brake shoe condition and shorter stops. This is evi- 
dence that with reasonable attention to brake shoe 
maintenance, the condition of the shoes on cars in ordi- 
nary road service is likely to be more favorable to mak- 
ing short emergency stops than during a series of tests 
in which the brake shoes are worked severely. 

The difference in the efficiency of the clasp and single 
shoe rigging may offset the gain which might be ex- 
pected from difference in coefficient of friction and vice 
versa. Consequently as neither of these factors could 
be observed uninfluenced by the other, a satisfactory 
comparison of the mean coefficient of friction under 
different rigging conditions or of different types of 
rigging or air brake apparatus under variable shoe con- 
ditions in road tests, is impossible. 

High braking powers from high initial speeds re- 
sult in a great heating of the working surface of the 
shoe and a rapid abrasion. This effect is most marked 
under severe braking conditions such as obtained when 
heavy cars equipped with one brake shoe per wheel are 
stopped. 

Shoes of the same type and hardness had a high rate 
of wear per unit of energy absorbed when a low coeffi- 
cient of friction was developed and, conversely, a lower 
rate of wear when a higher coefficient of friction was 
developed. 

Both the road and the laboratory tests confirmed pre- 
vious tests and conclusions from analysis that the tem- 
perature of the working metal is the determining in- 
fluence in coefficient of brake shoe friction. The other 
factors that may be involved become effective chiefly 
as they affect the change of temperature of the working 
metal. 

The general performance of the shoes as observed 
during the road tests formed the basis of the program 
established for laboratory tests, which resulted in the 
following deductions: 

(a) The generation of the retarding forces and con- 
sequent absorption of the energy of the moving train is 
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dependent upon but a very small quantity of brake shoe 
metal. 

(6) The actual bearing area rather than the total 
face area of the shoe is the important factor in brake 
shoe performance. 

(c) The magnitude of the bearing area changes 
throughout the stop and is greatest near the end of the 
stop. 

(d) The bearing area shifts continuously from one 
portion of the surface to another during the stop. 

(e) The principal factor in producing high friction 
for any given braking condition is the frequent shift- 
ing of the bearing area from the heated to the cooler 
spots over the face of the shoe. 

(f) Slotted shoes or shoes that are cracked are more 
flexible than solid shoes and the bearing area shifts 
more readily than in the case of solid shoes. 

(g) With shoes of the same type and approximately 
the same hardness, the wear per unit of work done is 
less with the slotted shoe than with the solid shoe. 
The stops with slotted shoes were always shorter and 
the mean coefficient of friction higher than with solid 
shoes. 

(h) The shifting of the bearing area will tend to be 
more rapid if the size provides more available area for 
shoe bearing. 

(4) The greater the pressure per square inch of bear- 
ing area, the lower will be the mean coefficient of fric- 
tion. 

(j) Flanged shoes provide more available area for 
bearing than unflanged shoes. 

(k) The use of two shoes instead of one per wheel 
will result in a higher coefficient of friction and less 
wear per unit of work done. 


(l) A comparison of the values of mean coefficient 
of friction for standard and for clasp brake conditions 
indicates a decided advantage for the clasp brake 
throughout the entire range of braking powers. Thie 
gain in favor of the clasp brake with slotted shoes 
amounts to about 40 per cent, at a braking power of 
180 per cent, and 100 per cent, at a braking power of 
40 per cent, an average gain for the whole range of 
braking powers of about 70 per cent. 

(m) From a brake shoe standpoint the advantage of 
using two shoes instead of one shoe per wheel may be 
summed up as follows :— 


First. The clasp brake shoe is associated with 
but one-half the wheel load and conse- 
quently has but one-half as much energy 
to absorb. 

Second. The clasp brake shoe is working at only 
one-half the shoe pressure at which the 
standard shoe must work under the 
same braking power. 

Third. The available working area for the same 


amount of energy to be absorbed is 
double. 
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A possible source of disadvantage when using two 
shoes per wheel is that a warped or poorly bearing shoe 
is subjected to less pressure tending to force it into a 
good contact with the wheel. For this reason, though 
the available shoe area is doubled when using clasp 
brakes, the actual amount of working metal throughout 
the stop may be less than with a single shoe, which is 
less capable of resisting the tendency of the heavier 
pressure to cause a better fit of shoe to wheel. 

This, and an especially good shoe condition due to 
previous moderate pressure tests in each case, is an 
explanation why three of the 60 m.p.h. 150 per cent 
braking-power electro-pneumatic stops with the single 
shoe train were shorter by 50 ft. than the best stops of 
either of the first or second clasp brake trains. 

Qn the other hand the disadvantage and greater 
variability of the single shoe brake is evidenced in the 
fact that under the same conditions as cited above two 
stops with this train were longer than the longest stops 
without material wheel sliding made with either of the 
two clasp brake trains. 

With plain solid shoes the durability will be in 
creased 41.1 per cent under clasp brake conditions as 
compared with that under single shoe conditions. 

With plain slotted shoes the durability will be in- 
creased 35.5 per cent under clasp brake conditions as 
compared with that under single shoe conditions. 

The superior durability of the plain slotted shoe as 
compared with the plain solid amounts to 11.7 per cent 
under single shoe brake conditions and 5.9 per cent 
under clasp brake conditions. 

The wear of the flanged solid shoes per unit of work 
done is 19 per cent less than for plain solid shoes, and 
for flanged slotted 26 per cent less than for plain 
slotted shoes, or 30 per cent less than the plain solid 
shoes. 

The wear of plain slotted shoes per unit of work done 
is 5.4 per cent less than the wear of plain solid shoes, 
and the wear of the flanged slotted is 13.2 per cent less 
than the wear of flanged solid shoes. 

For the same amount of work done flanged solid cost 
16 per cent less than plain solid shoes, and flanged 
slotted cost 23 per cent less than plain slotted, or 27 
per cent less than plain solid shoes. 

Approximately 135 per cent more stops will be re- 
quired to wear out the flanged solid than will be re- 
quired to wear out the plain solid shoe; 158 per cent 
more stops to wear out the flanged slotted than the 
plain slotted shoe, and 171 per cent more stops to wear 
out the flanged slotted than the plain solid shoe. 

For any given braking condition with cast-iron brake 
shoes the indications are that the best relation will 
exist between shoe wear and the mean coefficient of 
friction when the Brinell hardness of the east iron is 
about 190. 

Machine and road tests show a difference in stopping 
distance for the same type of shoe under the same brak- 
ing conditions. 


The effect of the difference in wheel surface condi- 
tions is one of the leading factors which go to make up 
the difference between machine and road tests. The 
difference in braking performance can be established 
and the factor expressing this difference be applied to 
laboratory results to predict the performance of a car 
or train. 

LENGTH OF STOP 

The stops and observed performance of the air brake, 
brake rigging and brake shoe are in agreement with the 
relation generally assumed to exist between the speed 
and other variables mentioned and resultant length of 
stop. This relation for straight, level track and neg- 
lecting air and internal friction on the one hand and 
the rotative energy of the wheels and axles on the other 
hand, is: 

te 
30P ef 
in which the terms have the following significance and 


1.467 Vt- 


range of values according to conditions 
S, = length of stop to be expected in ft. 

V’ = initial speed of train in m.p.h. 

/— time at the beginning of the stop during 
which the brakes are to be considered as 
having no effect, to allow for the time 
element in the application of the brakes 


Kind of Air Brake Equipment 


UC 
PM ELEcTRO-PNEUMATIC 
For a 12-car train 
( from 2.0 0.70 


P = nominal per cent braking power correspond- 
ing to the average cylinder pressure exist- 
ing for that portion of the stop after the 
brake is considered fully applied, 

With a single car or several similar cars, stopping 
without the locomotive attached, the value of P can 
be obtained from an average of all brake cylinder indi- 
cator cards or taken from one typical brake cylinder 
card, provided all cylinder pressures and foundation 
brake installations are substantially alike. 

Where car weights differ or where the locomotive is 
attached, the average per cent braking power (P) for 
the train (total weight W) may be calculated from the 
formula 

, 
P, 
in which 
P.. = nominal per cent braking power correspond- 
ing to average cylinder pressure of cars 
as noted above 

W.= weight of car in lb. 

W, = actual total weight of tender in lb. 

P,, = nominal per cent braking power correspond- 


ing to tender cylinder pressure and to 
Wa 
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W.. = weight of engine in lb. 

P.. = nominal per cent braking power correspond- 
ing to engine cylinder pressure (aggre- 
gate for driver, truck and trailer wheels 
according to distribution of weights and 
nominal braking power) 

«xf = product of efficiency of brake rigging and mean 
coefficient of brake shoe friction, in which 

e varies with the type and installation of brake rig- 

ging and with the per cent braking power, 
though the latter effect can be but slight through- 
out the range of ordinary emergency braking 
powers 

f varies with the kind and initial condition of the 

brake shoe bearing surface, the initial speed and 
the various influences affecting the conditions of 
the bearing surface during the stop. 

As no satisfactory separate determination of e and f 
was found possible the combined factor ef is given in 
the following table, the values being representative of 
the best performance that might reasonably be expected 
under conditions comparable with those of this test. 


TABLE 3 VALUES OF e X f, 


Kinp or Brake RiaGine SuHoe! 


Type of Brake Shoe 


Cuiasp Brake 


Speed Braking Plain Flanged Plain Flanged 
m.p.h. Power | 
125 0.141 0.169 0.108 0.112 
tantuseees 150 0.129 0.154 0.099 0.103 
180 0.118 0.141 0.090 0.094 
125 0.103 0.122 0.074 0.090 
150 0.094 0.112 0.068 0.082 
180 0.086 0.102 0.062 0.075 
125 0.092 0.109 0.070 0.071 
ene ere 150 0.084 0.100 0.064 0.068 
180 0.077 0.092 | 0.059 0.062 


1 Value of data uncertain due to non-uniform brake shoe conditions. 


DISCUSSION 


J. P. Ketuey': To the author’s statement that the sliding 
of wheels under brake applications is due largely to rail 
adhesion, I am inclined to add that the percentage of brak- 
ing power employed is not of itself the cause of sliding. 
With the trucks and gears that are familiar to us, the brak- 
ing forces are not evenly distributed over all the wheels and 
it is possible for the weight to be momentarily shifted from 
one or more of the wheels during the progress of a stop with 
brakes applied. 

From a study of clasp brake design and foundation brake 
gear, as well as from experience, I should say that the clasp 
brake is the only suitable one to use on present day passenger 
ear equipment. While it will not do away with the shock, it 
will go a long way towards keeping the wheels in their nor- 
mal position with relation to the other parts of the truck, 
and to the rails, and so aid in making available whatever 
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spring action is there to keep the wheels where they belong 
and to keep the rail adhesion uniform and constant. By this 
means the pressure on the wheels is balanced; also the num- 
ber of hot boxes, is reduced. 

We have had considerable experience with clasp brakes 
on quite a number of our cars during this present winter, 
and with a few of them the previous winter, and find that 
as the shoe is higher above the rail in an emergency appli- 
cation than with the common type of gear, there is less 
chance for the accumulation of snow and ice on the shoe 
to drip off upon the rails when the shoe gets hot, and so re- 
duces the friction. 

To show that uneven braking power rather than the per 
cent of braking power considered in itself is productive of 
wheel sliding, a recent case may be cited of a train of nine cars, 
where the highest braking power would probably run 115 per 
cent, the lowest about 65 per cent, and the average through 
the train about 85 per cent. Through an accident the brake 
pipe was broken off on the fourth car from the rear. Every 
car ahead of the rear car came to a stop without injury to 
the wheels. They were the ones on which the braking power 
was very low. The rear ear had normal braking power, and 
all but two pairs of its wheels were slid flat. This could be ex- 
plained on no other principle than that when the brake ap- 
plication was initiated at the fourth car, and propagated in 
opposite directions, there was not only the braking power 
acting on the wheels, but also the effect of shock set up be- 
‘cause of the difference in time and the difference in the power 
with which the brakes went on, which “ jumped” the wheels 
along and caused them to skid to such extent as to break or 
very materially reduce their rail adhesion. 

With reference to emergency application, if a brake will 
operate instantaneously and simultaneously throughout the 
train, with almost any degree of flexibility, emergency stops, 
A brake that will 
operate instantaneously will bring a train to a stop with a 
service application, within a distance for which another 
brake equally powerful but much slower in action, would 
require an emergency application. 


as such, ean be very materially reduced. 


H. H. Vavenax. A _ point which is brought out in 
these tests, is the trouble with wheels sliding. About a year 
ago we went into the question of flanged shoes to reduce the 
brake shoe pressures, and found an extraordinary increase 
in wheels slid, especially in cold weather. We then tried un- 
flanged shoes, without any other change, and the sliding re- 
duced. I have no reason to give for this, but it is a point 
worth bringing up, and the sliding of wheels, while shown in 
rather a curious way in this paper, is really a very serious 
and expensive thing, especially in cola weather, in which I 
am pleased to say I have had a large and most unlimited 
experience. Wheels sliding with us is undoubtedly a promi- 
nent cause of shelled out tires. When it is known that we 
rarely run a car over 6000 miles in winter without having a 
wheel with shelled out tires, it can be imagined how serious 
it is. 

Regarding the paper in general, one is impressed by the 
marvelous ingeunity of the whole apparatus. It is a won- 
derful piece of mechanical invention, and one eannot help 
wondering where we are going to get to in this air brake 
matter. Probably there was never a more ingenious ma- 
chine than the plain triple valve invented by Mr. West- 
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inghouse, which made possible the use of automatic air 
brakes on passenger equipment. In 1887, when the Burl- 
ington tests were being conducted, Mr. Westinghouse sup- 
plemented his plain triple valve by the quick-action triple, 
which again was a peculiarly brilliant invention and the 
fame of Mr. Westinghouse as an inventor will probably rest 
more on these two inventions, which are the foundation of 
our modern air brake system, than on all the other things 
he has done.’ 

The quick-action triple valve behaved very well during the 
early years of its life, but about the time when it was twenty 
years of age, like many of us, it began to branch out, and 
there was attached to the quick service application the re- 
tarded release and then a reservoir or two was annexed to 
the air brake system, giving the graduated release and higher 
pressure in emergency. There was the LN, and then the 
PC, and now we are to have the UC, the greatest develop- 
ment of all, which will work either pneumatically or elec- 
trically. If the electrical part breaks down, the pneumatic 
part comes on and works, and the whole thing is wonderful, 
all the way down from the plain triple, as a monument of 
inventive genius. 

At the same time—I do not wish to raise a discordant 
volce—are we wise, are the railroad companies wise, is the 
Westinghouse Company wise, in this development in which 
the apparatus is continually being revised to interchange 
with all the other developments that have gone before it? 
Would it not be possible to design the electro-pneumatic 
brake without this complication? It is a wonderful thing, 
but should it be put on every passenger car without very 
serious consideration ? 

I consider that the Westinghouse Company, supplement- 
ing this paper, should tell us what is necessary in the 
straight electro-pneumatie brake in which the train pipe 
carries the air and the electricity does the application, and 
I venture to say, without knowing exactly what would be 
the answer, that it would be an exceedingly simple and 
highly efficient apparatus. I cannot help thinking that an 
electro-pneumatic brake, even with the safety automatic fea- 
ture on the air pipe, so that a fracture of an air pipe would 
cause the application of the brakes, would not be anything 
like the complicated apparatus we are getting today in order 
to make these things interchangeable and universal. 


W. B. Turner’ said in response to Mr. Vaughan’s re- 
marks on the complexity of air-brake apparatus that the 
electro-pneumatie brake has been used for traction service 
for the past seven years under several thousands of ears; and 
has been used on the subway system in New York for sev- 
eral years, which is the most severe service in the world, 
where it has given good results. The electro-pneumatie ap- 
paratus can be applied to practically any equipment that has 
been built up to the present time and will function in a 
satisfactory manner, but it will not do what the improved 
air brake equipment (type UC) described in the paper will 
accomplish. To attain the results which have been detailed 
it is essential to have this equipment or its equivalent. While 
he would welcome any apparatus that was less complex, this 
would be impossible if it is desired to do the things which 
are necessary to control the trains of to-day in the best man- 
ner possible. If Mr. Vaughan had his double brake equip- 


* Chief Engineer of the Westinghouse Air Brake Company. 


ment and the supplemental devices for cutting-out the brakes 
ete., he would find that the equipment would be vastly 
more complex than that shown in the paper—it would be so 
complex that he would be afraid of it himself. 
Mr. Turner then presented the following written dis- 
cussion : 
The present day conditions in railroading that affect the 
air brake problem are: 
a Higher Speed, because the energy to be dissipated in- 
creases as the square of the speed, which means, other 
things being equal, that the length of the stop will also 
increase as the square of the speed. 

b Heavier Vehicles, because doubling the weight doubles the 
energy to be dissipated. The combined effect of doub- 
ling the speed and doubling the weight is to increase the 
energy to be dissipated eight times. 

ec Longer and Heavier Trains. These increase the difficulty 
of control and greatly magnify reactions due to “ slack” 
between cars. 

d Greater Frequency of Trains. This increases the proba- 
bility of accident and therefor the necessity for more 
efficient control. 

e Parallel Tracks. This also increases the danger, as an ac- 
cident on one track may cause one on any of the other 
tracks. 
Any one of these changes in conditions makes imperative 

a compensating change in effectiveness in the means for con- 
trolling trains, but when they are all taken collectively, as 
they must be, the seriousness of the problem is even more 
apparent and, to one who knows the potential, alarming. 
But this is not all, for the very conditions that thus called 
for more effective brake appliances also decreased the effi- 
ciency or effectiveness of those existing by almost one-half. 
The predicament, therefore, is one requiring prompt at- 
tention and the creation of means not heretofore in existence. 
The reasons why the above-mentioned conditions decrease 
the effectiveness of the brake control are: 
Increased speed (work) causes a decrease in the mean ¢o- 
eflicient of friction; and as the stopping distance is propor- 
tional to the coefficient of friction, the stop becomes longer. 
Heavier vehicles also increase the work required of the 
brake shoe in a given time, and this further reduces the co- 
efficient of friction. Also, as a result of the greater forces 
exerted, there are distortions and consequent losses in 
foundation brake gear efliciency. Again, much larger brake 
cylinders are necessary and this increases the time required 
to get full braking power, these three losses contributing, as 
is apparent, to a further material increase in stopping dis- 
tance. 
Longer trains lead to another decrease in effectiveness by 
adding to the time required to get the brakes on, while the 
combination of greater weight and length increases the vol- 
ume of air required with consequent difficulty of recharging 
quickly. There is also the diffieulty of controlling trains 
smoothly because of the bunching and stretching of such a 
number of heavier cars and the time-lapse between the 
brakes applying on the front and rear end of the train. 
Greater frequency of trains and parallel tracks make im- 
provement necessary by requiring much more frequent brake 
applications, thus exhausting the air supply, and also by 
making it imperative to be able to obtain maximum emergency 
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braking force at any time. Collectively, it will be seen that 
these changes mean much, nor must it be overlooked that one 
serious effect is the increased risk we must take with the 
human element. 

To illustrate the foregoing by example, in 1890 with a 
train weight of 280 tons and a speed of 60 miles per hour, 
the energy to be dissipated was about 33,000 ft-tons and the 
stopping distance was 1000 ft. 

In 1913, with a train-weight of 920 tons and a speed of 
60 miles per hour, the energy to be dissipated is 111,000 
ft-tons, or almost four times greater than that of the first 
mentioned train. With an old-style brake the collision 
energy as this train passed the point where the first men- 
tioned train stopped would still be 48,000 ft-tons, or one 
and one-half times what the first mentioned train had before 
the brake was applied and there would still be 760 ft. to run. 

This modern train, but now equipped with the new brake 
apparatus, running at a speed of 60 miles per hour, can be 
stopped in 860 ft., at which point, with the old brake equip- 
ment, it would still be running at 43 miles per hour and with 
a collision energy of 57,000 ft-tons or still about twice that 
contained in the train of 1890 at the beginning of the stop. 

When the full force and meaning of the increased stop- 
ping distance is realized, in connection with the possibility 
of accidents arising from the greater frequency of trains and 
number of parallel tracks, it will be seen that not only are 
improvements in brake equipment really necessary, but also 
that the best that can be designed is none too good. 


F. W. Sarcent. In conducting machine tests of brake 
shoes it is our practice to make a number of runs to get the 
shoes down to a good bearing and then make a number of 
records and average them. The average figures derived 
from repeated tests upon different shoes should be com- 
parable with the results that might be obtained from the 
brake-shoe equipment of a train. The great variation in the 
train records as presented in the paper must be due, I 
think, to some neglect in the foundation brake rigging, 
rather than to a bad condition of all the brake shoes at one 
time. 

The agreement between the results of the brake shoe 
testing machine and the road tests is extremely gratifying. 
When we first began testing brake shoes on the machine we 
encountered very large variations in the results, partieu- 
larly with the heavy solid new shoes. But as the shoes 
wore down, and especially when they cracked and fitted the 
wheels better, the results beeame more uniform. When the 
shoes became thin and near the point where they ought to 
be removed, it developed that under the extreme pressures 
common to modern high-grade equipment, with the single 
brake, we were reaching the danger point and there was a 
possibility of the shoe melting. Such a condition would be 
realized on the road if the brakes were applied on a grade 
and then an emergency stop followed while the shoes were 
still warm. Under such a condition the shoes might be 
heated to a point where they would lose their grip on the 
wheels to a large extent, even if not melted away, and 
cause the brake to fail. It seems to me that the only thing 
which will prevent this is the adoption of the clasp brake. 
Besides saving the brake shoe from possible destruction, the 
test records indicate that with the two-shoe combination there 
is an actual gain in the retardation. 
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R. R. Porrer.t’ It may be of interest to speak of some 
tests made recently on the New York, Westchester & Boston 
Railway, to determine the efficiency of the clasp brake. The 
cars, which are operated electrically, weigh 60 tons, and are 
run as high as 60 miles an hour. In making the test, a motor 
truck without motors, which has clasp brakes, was put under 
the trailer end of the car, which normally has a simple truck. 
At 35 miles per hour the deceleration under an emergency ap- 
plication of the brake was found to be 4 miles per hour per 
second with the clasp brake; with the simple brake, it was 
3.3 miles per hour per second. At 50 miles per hour, the 
deceleration was 3.65 miles per hour per second with the 
clasp brake, and with the standard brake, 3 miles per hour 
per second. The length of stop with the clasp brake, at 50 
miles per hour, was 585 ft., and with the simple or standard 
brake 690 ft. 
about 40 stops. Invariably the stops were shorter when the 
clasp brake was used. 
principally at 35 and 50 miles per hour. 


These were the average lengths of stop for 


Stops were made at various speeds, 


S. G. Tuomsox.” Lam particularly interested in the busi- 
ness end of this new brake, the part which involves its prac- 
tical application. After listening to the discussion, the im- 
portant thing to me seems to be the development of the foun- 
dation brake. Have we tried out the foundation brake far 
enough? Have we gone far enough with the clasp brake in 
increasing the friction applied on the wheels and are we not 
going too far for the present in this development of the 
electric control? I am inelined to agree with Mr. Vaughan 
in respect to the matter of complications. 

We have had considerable experience with the clasp brake 
on our road for a number of years, running it on 100 or 
more cars, with four and six-wheel trucks, high-speed serv- 
ice. All are giving excellent results, so that it seems to me 
more important at the present time to extend the use of the 
clasp brake than to hasten the electrie development. Let the 
electrie control be a matter of gradual unfolding. 

How much benefit would this electric control as presented 
here to-night be to us? I figure that the prineipal gain 
would be in the little time saved by applying a considerably 
greater pressure in the brake cylinder; also that there would 
be a considerable advantage in making an emergency appli- 
Is that 
really of sufliciently great importance in actual train service 
to warrant all this complication and expense? 


cation after the service application has been made. 


T. L. Burton.” Both Mr. Sargent and Mr. Vaughan have 
spoken of the wheel sliding effect of the flanged brake shoe. 
I have had considerable experience with this and, as the 
former stated, have found the trouble with the flanged shoe 
to be due largely to the brake gear. especially the spacing 
of the heads on the brake beams and the deflection of the 
beams under various loads. 

There has been a question in the minds of some as to the 
relative stopping effect of the clasp and single-shoe types of 
brake, all conditions, excepting the performance of the gear 
and the shoe, being the same. For any set of conditions such 
as stated in Table 10, the length of the stop should be in- 
versely proportional to the value of e  f,; consequently, so 
far as the brake shoe and rigging are concerned, Table 3 


‘Supt. of Equipment, N. Y. W. & B. Ry. 
*Supt M. P. and Rolling Equip., Phila. & Reading R. R. 
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affords a precise means of comparing the length of stops ob- 
tained with the various types of brake gear and brake shoes 
used in the test with which the report deals. 

I have prepared some supplementary tables, reducing Mr. 


Dudley’s comparison to a percentage basis. 


Accepting the 


values of ¢ and f, as shown in Table 3 for clasp brakes and 
flanged shoes as 100 per cent, the relative length of stops for 
clasp and single shoe brakes should be as follows: 


& Sprep IN M. P. 


60 


80 


80 


& & Sprep In M. P. 


SINGLE SHOE BRAKE 


FLANGED 
SHOES 


0.169 


0.103 = 1-495 
0.141. 
0.094 1-000 
0.122 
0.090 = 1-356 
366 
0.102 
0.075 = 1-360 
0.109 
0.074 1-478 
0.100 
0.008 1.471 
0.092 
0.0627 
STOP WITH 


FLANGED SHOES 
Per Centr 


—1=0.509 = 50.9 


— =0.495 =49.5 


—1=0.500 = 50.0 


BE RELATIVE LENGTH OF STOP 
Crase BRAKES 
PLAIN FLANGED PLAIN 
SHOES SHOES SHOES 
125 0.169 0.169 0.169 
0.141 ~ = 1-000 = 1-565 
150 0.154 
194 0.154> 1.000 0.099 = 1.556 
Is0 0.141 on O.141 ‘ 0.141 
125 0.122 0.122 0.122 
610372354 9 429 1.000 0.074 1.648 
ISO) 0.102 0.102 0.102 
0.102~ 1.000 0.062 1.645 
125 0.109 0.109 0.109 
0.092 1159 9799 = 1-00 = 1-557 
150 0.100 0.100 0.100 
0.084 90 0.100 1.000 0.064 1-568 
ISO) 0.092 0.092 0.092 
0.077 1.195 0092 = 1.000 0.059 1.559 
ee INCREASE IN LENGTH OF 
= ~ THE SINGLE SHOE BRAKE AS COM- 
PARED TO THE CLASP BRAKE 
——_ 
og PLAIN 
Per Cent 
120 1.69 _ 1 0.305 =30.5 1.509 
1.100 1.000 
50 495 
1501558 1.495 
180 l 194 1.000 
1.067 _ 1 =0.311 =31.1 1.500 
1.195 1.000 
1.648 


— — 1 =0.392 = 39.2 
1.184 
1.647 
1.1917 
1.645 


-1=0.383 = 38.3 


563 _ 1 -09.314=31.4 
‘559 


1=0.304 =30.4 


= 
=~ 
~ 


Average Gain in favor of Clasp 


Tabulated results 


Brake, Per 


Cent... 35.5 


show 


lengths of stops: ; 
Average stop, clasp brake, plain 


Average stop, 


Average stop, 


1.356 — 1 =0.356 =35.6 


1.000 
1.366 _ 1 — 0.366 =36.6 
1.000 
1.360 _ 1 =0.360 =36.0 
1.000 
1.473 0.473 =47.3 
1.000 
1401 _ 9.471 =47.1 
1.000 
1.484 _ 9.484 =48.4 
1.000 

14.6 


the following average 


shoes..... 


clasp brake, flanged shoes........ 
Average stop, single-shoe and plain shoes....... 
single-shoe and flanged shoes... . . 


comparative 
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Length of stop with clasp brake, plain shoes is 19.1 per cent 
greater than stop with clasp brake, flanged shoes. 
Length of stop with single shoe brake, plain shoes is 59.0 per 
cent greater than stop with clasp brake, flanged shoes. 
Length of stop with single shoe brake, flanged shoes is 44.6 per 
cent greater than stop with clasp brake, flanged shoes. 
Also, length of stop with single shoe brake, plain shoes is 33.5 
per cent greater than stop with clasp brake, plain shoes. 
Whence the general average length of stop with the single shoe 
brake is 4 (44.6+33.5) =39.05% greater than the general aver- 
age length of stop with the clasp brake. 


The relative stopping distance of the two types of brake 
gear, however, tells but half the story. Mr. Dudley refers to 
the sliding of wheels as affected by the adhesion between the 
wheels and the rail. The adhesion is influenced, not only by 
the condition of the rail, but by the shifting of the wheel 
loads as affected by inertia forces, and shocks and lines of 
action in the brake gear. 

Unfortunately, we have no control over the condition of 
the rail, or the effect of the inertia. The use of electro- 
pneumatie brakes will, however, minimize the shifting of 
wheel weights resulting from end shocks, and a careful 
analysis of many brake gears in use will disclose some re- 
markable facts on the equalization of wheel weights and shoe 
pressures as influenced by the design and application of the 
rear. 

With the assistance of Mr. H. M. P. Murphy of our organ- 
ization, we have made an analysis of the brake forces of 
some trucks in use on a road in this territory and their effects 
on the equalization of weights at wheels and shoe pressures. 

I will add in brief form some results of the analysis 
for the brake rigging of a six-wheel passenger car truck. 
The tabulation relates to braking forces, wheel pressures 
on rail, pereentage of braking power, etc., for service ap- 
plication, with all parts standard; and for emergency appli- 
cation, with shoes and tires worn and journals displaced in 
accordance with actual conditions observed. The nominal 
braking power in service was 85 per cent and in emergency, 
160 per cent. The total actual weight of car under the 
standard conditions assumed for service is 142,000 lb. Un- 
der the worn conditions assumed for emergency the total 
car weight is 138,000 Ib. 


NORMAL BRAKE SHOE PRESSURES: SERVICE 


Rear Truck. 
8825 lb. 


Leading Truck 

Outside wheel. 9155 |b. 
Middle wheel 9775 lb. 9175 |b. 
Inside wheel. 8130 Ib. 8215 lb. 
Variation in normal brake shoe pressure = 1645 l|b.; per cent 
variation = 20.2. 


NORMAL BRAKE SHOE PRESSURES: EMERGENCY 


Leading Truck Rear Truck 


Outside wheel .15,785 Ib. 16,090 Ib. 
Middle whee! 15,605 Ib. 15,555 Ib. 
Inside wheel. 10,835 Ib. 9,840 Ib. 


Variation in normal brake shoe pressure =6,250 lb.; per cent 
variation =63. 5. 
ACTUAL WHEEL PRESSURES ON RAIL: SERVICE 


Rear Truck 
11,622 lb. 


Leading Truck 

Outside wheel... . . 13,727 Ib.. 
Middle wheel... . . . 10,697 Ib... 11,826 lb. 
Inside wheel. 11,076 Ib...... 12,052 Ib. 
Variation in wheel pressure on rail =3030 lb.; per cent varia- 
tion =28 3. 


30 
60 
60 
80 
= 
| 
‘an 
314=: 
71 =0-314=31.4 Ps: 
l 
1.000 
1.590 
1.446 
: 
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ACTUAL WHEEL PRESSURES ON RAIL: EMERGENCY 


Leading Truck Rear Truck 
Outside wheel. .... 11,956 Ib. 
Middle wheel...... 11,234 Ib. 
Inside wheel....... 11,435 lb. 


Variation in wheel pressure on rail =4,937 lb.; per cent varia- 
tion = 50.3. 


ACTUAL PERCENTAGE OF BRAKING POWER: SERVICE 
Leading Truck 


9155 
Outside wheel: T3707 * 100 =66.7 
Middle wheel: ae 100=91.4 
8130 ad 
Inside wheel: 11076 X 100 =73.4 
Rear Truck 
8825 
Outside wheel: 11622 xX 100=75.9 
9175 
Middle wheel: 11826 X 100=77.6 
8215 


Inside wheel: 12052 * 100 =68.1 
Variation in percentage of braking power =91.4—66.7 =24.7. 
variation in percentage of braking power = 
4. 
66.7 * 100 = 37.0. 
FORCE EFFICIENCY OF BRAKE APPARATUS : SERVICE 


For leading truck, 
2 X (9155+9775+8130) 


6 X 9052.5 X 100=99.67% 
For rear truck, 
2 X (8825+9175+8215) 
6 X 9052.5 X 100=96.5% 


FORCE EFFICIENCY OF CAR BRAKE, EXCLUSIVE OF CYLINDER 
LOSSES, ETC.: SERVICE 

54120452430 
2X 64315. 100=98.1%% 

FORCE EFFICIENCY OF CAR BRAKE, INCLUDING ALL LOSSES 
0.85 X 142000 

ACTUAL PERCENTAGE OF BRAKING POWER: EMERGENCY 
Leading Truck 


15785 
Outside wheel: xX 100=106.9+ 
14753 
15605 
Middle wheel: 9816 100 =159.1+ 
10835 
Inside wheel: 100=107.7 
Rear Truck 
16090 
Outside wheel: 11956 xX 100= 134.6 
. 15555 
Middle wheel: 11234 X< 100=138.5 
9840 


Inside wheel: 11435 * 100= 86.1 


Variation in percentage of braking power = 159.1—86.1=73.0. 


Per cent variation in percentage of braking power = 


86.1 X 100=84.8. 


FORCE EFFICIENCY OF BRAKE APPARATUS 
For leading truck, 
x (15785+15605 + 10835) 


6 X 17040 
For rear truck, 


100 =82.6% 
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DUDLEY 
(16090 + 15555 +9840) 


FORCE EFFICIENCY OF CAR BRAKE, EXCLUSIVE OF CYLINDER 
LOSSES, ETC. 
84450 +82970 


= 


FORCE EFFICIENCY OF CAR BRAKE, INCLUDING ALL LOSSES 
167420 
1.60 x 142000 * 100=73.7% 


N. A. Camppe.u.' After the Central Railroad of New 
Jersey high-speed brake tests in 1903, a relatively short time 
ago, it was thought that the last word had been said in high- 
speed braking. Stops were made from 60 miles per hour 
in less than 1000 ft. and until the Pennsylvania Railroad 
tests last year they had not been equalled. The locomotives 
and cars, however, were about half the weight of those now 
in use. The problem of braking the heavier modern cars 
so as to make the shortest possible stop in emergency ap- 
plications has been a much more difficult one than that with 
which we were confronted ten years ago. Few fast passen- 
ger trains at that time averaged more than six cars in length 
or more than 500 tons including the locomotive. Trains of 
from 10 to 12 cars that weigh over 1000 tons, including the 
locomotive, have been a source of much trouble to some roads 
on account of the severe shocks and wheel sliding that re- 
sulted from emergency applications. 

With the pneumatic brake, the brake cylinder pressure 
reaches the maximum on the forward portion of the train 
before the brakes have been applied on the rear. The result 
is that the slack has time to run in, causing a shock, more 
or less severe, according to conditions, and exerting a force 
against the forward portion of the train which has a tendency 
to cause slid flat wheels. Some railroad men have been pro- 
testing against the rapid rise of brake cylinder pressure in 
emergency applications. They said that they would prefer 
a slower rise of pressure in the cylinders and longer stops 
than the trouble due to shocks and slid flat wheels. They 
are justified in their complaint as far as the pneumatic brake 
is concerned, but I believe the electro-pneumatie brake will 
tend to overcome the trouble. 

The use of the electric control in combination with an air 
brake equipment of more modern design, which has port 
areas sufficiently large to permit the maximum cylinder 
pressure to be obtained in less than half the time required 
by the older equipments, will very materially reduce the 
length of emergency stops. 

However, as there are very many service stops made to 
one in emergency, it is just as important, if not more so, 
to take care of the service applications. The time required 
to make a service reduction of brake pipe pressure increases 
with the increased length of the train, and as the brakes are 
applied on the forward portion of the train before they are 
on the rear, causes shocks or surges. Electrie control of 
the brakes causes the brakes on all cars to operate simul- 
taneously, thus eliminating the cause of these shocks by 
eliminating the time element existing with pneumatic opera- 
tion. 

With the electro-pneumatic brake, even the indifferent or 
unskilled engineer can handle a long train as smoothly and 
accurately as a single car, while without the electric control 


1Rep., N. Y. Air Brake Co., 165 Broadway, New York. 
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the careful and skilled engineer cannot always make a smooth, 
accurate stop, no matter how hard he tries. 


THe Avutuor. Wheel sliding, to which Mr. Vaughan re- 
fers, is perhaps one of the most elusive limitations to satis- 
factory brake operation. As Mr. Kelly explains, the tactors 
involved in finally determining whether wheels slide or not 
in any given case are so numerous, complicated and often- 
times obscure that the assignment of a definite cause or 
causes or the adoption of practicable preventative measures, 
at the same time maintaining the desired brake effectiveness, 
is almost entirely a matter of judgment rather than of fixed 
rule. 

The effect of flanged brake shoes as observed by Mr. 
Vaughan has been a more or less common experience on 
many roads in this country. On the other hand, a large 
railroad system in the East has used flanged brake shoes of 
a highly efficient type as standard on all their passenger cars 
for years. The cars are braked from the ordinary high- 
speed brake standard up to as high as 180 per cent braking 
power in emergency, trains being made up as the cars may 
come. This road has not experienced any inconvenience from 
wheel sliding under these conditions. As pointed out by 
Mr. Sargent and Mr. Burton it has sometimes been found 
that the brake rigging and brake head construction has been 
responsible for trouble experienced with flanged brake shoes. 
The use of worn shoes on new wheels has also been a cause 
of trouble. 

There appears to be but one circumstance which can un- 
hesitatingly be blamed for sliding wheels, namely, en excess 
of resistance to rotation over rail adhesion. The causes con- 
tributing to diminished rail adhesion or increased resistance 
to rotation are many and variable. 

The considerable increase in train deceleration during the 
last few hundred feet before the stopping point is an evi- 
dence of the characteristic action of frictional resistance at 
constant pressure, when the speed of relative motion of the 
rubbing surface is being continually reduced from a relative- 
ly high value to zero. This phenomenon was first observed 
and commented upon in the report of the classical Galton- 
Westinghouse Brake Trials on the London, srighton & South 
Coast Railroad in 1878 and 187%, and was at that time at 
tributed to the effect of speed. 

All subsequent experiments have developed this charac- 
teristic action. The present experiments as explained in the 
the paper show that it is, after all, a temperature effect, 
speed being one of the factors determining the resultant 
temperature of the working surfaces. This can be visually 
observed in the disappearance of sparking (showing a high 
temperature of the rubbing surfaces) and the appearance of 
non-ineandeseent brake shoe metal ground off toward the 
end of the stop. Invariably the cessation of sparks and 
appearance of the non-incandescent metal dust are coincident 
with the beginning of the rise in the deceleration line re- 
ferred to by Mr. Vaughan. 

The question of complication mentioned by Mr. Vaughan 
and Mr. Thomson depends largely on the funetions demanded 
of the brake. If simple and moderate functional perform- 
ance ean serve the purpose, complication of apparatus can 
largely be dispensed with. But if a multiplicity of fune- 
tions, a high degree of protection against undesired action, 
and a high efficiency and effectiveness are demanded a cer- 
tain amount of elaboration of the apparatus is necessarily 
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imphed. Mr. Turner has pointed out the requirements of 
modern railroad service which are constantly demanding 
more and more of the brakes along these lines. 

It might be suggested here that the impression of compli- 
cation is heightened by the multiplicity of lines required to 
illustrate the sequence and connections of the working parts 
of the valve device diagrammatically, and as if all in one 
plane. This by no means indicates an undue complexity of 
the device itself, however, partly because in the actual con- 
struction the connections can be made much more direct and 
simple than on a single flat surface and partly because ports 
and passageways once properly fixed in the metal do not ere- 
ate in faet the working complication suggested by the lines 
on the drawings. 

The New York, West Chester & Boston tests mentioned 
by Mr. Potter are probably the best comparison of the action 
of one and two brake shoes per wheel which we have on 
record up to date. This is because the rigging effect was 
practically eliminated by reason of the use of the same rig- 
ging (with proper adjustment) for the single shoe tests as 
was used for the tests with two shoes per wheel. Thus, the 
tests fairly compare the action of one shoe with that of two 
shoes per wheel, without introducing the additional uncer- 
tainty of the action of two different types of foundation 
brake gear which is always present when testing differently 
designed riggings for clasp and for single shoe brake equip- 
ment. 

With reference to the cause of the variaticen in train ree- 
ords mentioned by Mr. Sargent we would reter to the see- 
tion on Check Runs and Averages, where it is shown that 
the leneth of stop varied from 1049 ft. to 1389 ft. No as- 
signable cause for this variation has been discovered aside 
from the known difference in brake shoe bearing and shoe 
temperature. It therefore seems fair to assume that the 
different shoe metal conditions resulting from the different 
manipulations of the test train were capable of producing 
the differences observed. Moreover, by the same manipula- 
tion the same variation in the results could be reproduced 
at will. 

The data submitted by Mr. Burton on braking force and 
wheel pressures disclose conditions of the greatest impor- 
tance and significance. This phase of the situation deserves 
the careful consideration of all having to do with the design 
and maintenance of brakes and foundation brake rigging. 

The per cent difference in stopping distance deduced by 
Mr. Burton requires a word of caution to prevent misunder- 
standing or misuse. 

For electro-pneumatic brake operation the almost instan- 
taneous application of the brakes makes it permissible to 
assume, as Mr. Burton has done, that the stops will vary 
inversely as the product of eX /f,. But on account of the 
longer time oceupied in reaching full effectiveness with 
pneumatie operation and especially if the performance of 
the PM brake equipment is being considered (f = 2.5 for 
PM equipment) more or less error is involved if the same 
assumption is made in such eases. The stops with the PM 
brake equipment, for instance, would all be longer than those 
on which the table was based and the influence of the time 
element (¢ in the formula given in the paper for length of 
stop) could no longer be disregarded as is the case when 
the stops are assumed to be inversely proportional to 
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MEETINGS 
SAN FRANCISCO, SEPTEMBER 10 


The San Francisco Section held a quarterly meeting on 
September 10, at which a lecture by John A. Britton on the 
Lake Spaulding Dam of the drum hydroelectric installation 
recently put in service. This dam is at present 235 feet 
high and will ultimately be raised to 305 feet. The lecture 
was presented by H. C. Vensano and J. Jollyman discussed 
the mechanical and electrical features. 

CINCINNATI, SEPTEMBER 17 

A meeting of the Cincinnati Section was held on Sep- 
tember 17, the address of the evening being upon the subject 
of Electrical Wires and Cables, given by Charles R. Sturde- 
vant of Worcester, Mass., connected with the engineering 
and educational departments of the American Steel & Wire 
Company. The speaker laid special emphasis upon insula- 
ting materials, explaining at length how the three materials 
commonly used for insulating electrical wires and cables, 
viz., rubber compound, saturated paper and varnished cloth, 
are made and how they are applied, and how these in general 
need further protection by braiding, sheathing, or armor. 
It was further shown how the finished cables are tested, the 
effect of heat upon the electrical properties, and the energy 
losses in cables in service. Mr. Sturdevant showed an un- 
usually fine collection of samples of these cables in which 
the audience was much interested. 


PHILADELPHIA, OCTOBER 8 


A joint meeting with the Franklin Institute was held by 
the Philadelphia members in the hall of the Institute on 
October 8, with a paper by J. E. Johnson, Jr., of New York, 
on Recent Developments in Cast Iron Manufacture. Mr. 
Johnson discussed the general results of carbon, silicon, 
sulphur, phosphorus, oxygen and manganese in east iron. 
In connection with carbon, he considered particularly the 
effect of the shape of the erystals and the form of erystalli- 
zation, which are not shown in the iron-carbon diagram. 
He outlined investigations made at the Ashland plant of the 
Lake Superior Iron and Chemical Company, in which it was 
disclosed that the presence of oxygen accounted for the 
superiority of charcoal iron over coke iron. He further 
described experiments made to introduce oxygen and convert 
coke iron into a product he considered superior to charcoal 
iron, and gave the physical properties of an iron of the 
composition of combined carbon, 0.85 per cent, graphitic 
carbon, 2.65, manganese, 0.26, phosphorus, 0.326, sulphur, 
0.039, silicon, 1.25, oxygen, 0.50. Photomicrographs of the 
structure of this iron were shown. 

A diseussion of the paper followed. 


BOSTON, OCTOBER 14 


The first meeting for the season in Boston was held on 
October 14, the subject of the evening being Means and 
Methods of Measuring the Flow of Fluids in their Appliea- 
tion to Industrial and Engineering Problems. 

Three types of apparatus in most common use in connec- 
tion with the handling of water, oil, steam, gas, ete., were 
described, Frederick N. Connet, chief engineer, Venturi De- 
partment, Builders Iron Foundry of Providence, describing 


the Venturi Type; E. L. Brown of the General Electric 
Company, Boston, dealt with the Pitot Type; and D. R. 
Yarnall, treasurer, Yarnall-Waring Company, Philadelphia, 
took up the Weir Type. The remarks of all three were 
illustrated with lantern slides. 

Mr. Connet presented a chart showing the development of 
the study of hydraulics and the theory of freely falling 
bodies, tracing it back to the time of Leonardo da Vinci, 
about the year 1500. He showed that to Toricelli belongs the 
credit for the formula, V varies as the \/H, and to Ber- 
nouilli, about the year 1700, is ascribed the establishment of 
the formula, V = \/2GH. The principle of the venturi 
meter was brouglit out by Venturi in about 1800 and Her- 
schel later adapted this principle into the venturi meter 
itself, giving it its present name. The slides shown by Mr. 
Connet displayed meters all the way from 1% in. to 17!»5 
ft. in diameter and also the 36-in. meters used at the World’s 
Fair in 1893, by the use of which a large and unexpected 
leakage was checked. He called special attention to the tact 
that pulsations must be removed and showed methods tor 
overcoming this difficulty. 

k. L. Brown devoted his remarks to the flow meter of the 
pitot type extensively used for measuring the volume of 
steam. 

D. KR. Yarnall deseribed the Lea V-noteh reeorders, both 
single and combined with feedwater heaters, and explained 
that the principle of operation was based on Thompson’s 
formula for the V-notch. Methods of computing from the 
records made by the instrument were described. He called 
attention to the use of blowdown meters, the readings from 
which are to be deducted from those of the supply meters 
to show the net evaporation. These meters are used in a 
big plant to indicate any leaky blow-off valves. 

In the discussion which followed, R. E. Dillon deseribed 
a St. John orifice meter and J. F. Vaughan gave experiences 
with meters that had come under his observation. Sanford 
A. Moss dealt with the measurement of the volume of air 
issuing from blowers, air compressors, ete. About 150 were 
in attendanee. 


CINCINNATI, OCTOBER 15 


Prof. F. R. Hutton addressed the joint meeting of the 
Engineers Club and the Cineinnati Section of the Society on 
October 15, upon the Testing of the Motor Vehicle. He 
urged among other things the abandonment of the word 
automobile and the substitution of the more inclusive term 
motor vehicle. His address covered four main points, thie 
reason for testing a motor vehicle, where and by whom such 
tests should be made, how the motor-vehicle engines should 
be tested, and what results might be obtained from such tests. 

A motor is tested for economy and efficiency, and may be 
tested on the road or on power measuring apparatus within 
doors; it may be tested by its designer and builder when 
new, or by its owner after it has been in use. 

Professor Hutton illustrated the ways of testing by a 
large number of lantern slides, showing one of the best test- 
ing installations of the world, at the Automobile Club of 
America. A number of curves were given showing the plot- 
ting of the results of scientific testing. He made also a plea 
for good roads, illustrating bad roads by slides. There were 
more than 100 in attendance. 
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PANIC ECONOMIES AND EMERGENCY PROBLEMS WITH 
ESPECIAL REFERENCE TO THE PRESENT 
INDUSTRIAL SITUATION 


BY F. A, WALDRON, NEW YORK 


Member of the Society 


ANICS, business depressions or financial string- 
encies are primarily due to the suspension of 
credits in one form or other. From eighty to ninety 
per cent of the business in this country is done upon a 
thirty to ninety days’ eredit, and where a condition 
arises Which causes a disturbance of these credits, natu- 
rally there is a rush to conserve, or hold cash, and be 
prepared for any unusual demand that may be made 
for coin of the realm. 

Many theories have been advanced as to the repeti- 
tion and psychology of these depressions, all of which 
have been more or less exploded in the last ten years. 

Securities, or collateral, in themselves are credits of 
indefinite amounts on which the borrower agrees to pay 
a certain interest. These are termed investments in 
which the accumulated cash or credit of the individual 
are transferred from financial institutions to the pur- 
chase of such securities. These again appear as credits 
when banks loan on them a per cent of their value. 

Securities, like any other commodity, have a fluctuat- 
ing price aside from their interest-bearing value 
largely dependent on the supply and demand. On gilt 
edge securities in prosperous times, financial institu- 
tions will loan from seventy to eighty per cent of the 
warket value. When an emergency arises demanding 
the coin of the realm or gold payments on all business 
transactions, there is a rush on the part of those hold- 
ing securities to turn them into cash. This rush natu- 
rally floods the market and causes a serious drop in 
prices which in turn require the banks to demand pay- 
ments to protect resources and cash loans on such se- 
curities. This is termed ‘‘ the calling of loans,’’ in 
which the one borrowing is obliged to pay the borrowed 
money in cash and receives in return his securities. If 
this payment cannot be met, the securities are imme- 
diately sold, which increases the supply and helps the 
downward trend. 

The above is what might be termed the initial sus- 
pension of credits in which long term credits are sus- 
pended at their source and its effect on the entire in- 
dustrial situation is generally widespread and harm- 
ful, as it affects commercial paper issued by industrials 
in obtaining ready eash for payrolls and materials. 

This results in curtailing expenses by purchasing 
materials in smaller quantities and reducing payrolls, 
which in turn produces another reactive and accumu- 


Sener presented at the New York local meeting of The American 
Society of Mechanical Engineers on Oct. 21, 4. 
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lative feature, as each person thrown out of employ- 
ment reduces the purchasing power of a community, 
curtails the amount of money in circulation and affects 
directly the volume of business done. Therefore, when 
these persons are unemployed, they are dependent on 
odd jobs at reduced rates, savings banks deposits or 
other small investments, the kindness of friends and 
relatives, and, in many cases, all club together and re- 
duce living expenses to a minimum. 

To meet the demands of depositors in savings and 
other banks or holders of securities in small amounts, 
it is necessary that financial institutions conserve cash 
to meet demands and hold heavy cash reserves. There- 
fore, when a depression or panic starts, it is like a ey- 
clone, as there is added to the pressure or velocity of 
the wind, the falling weight of houses or trees upon 
those that are standing in its path, and only the 
strongest are able to resist. Channels of circulation 
are then narrowed down, credits withdrawn and the 
efforts of financial institutions are concentrated and 
localized in order to meet demands upon cash reserves 
demanded by depositors. 

Realizing that the savings banks deposits of this 
country are about $1,500,000,000, in amounts of one 
dollar to $3,000, the result of 2,000,000 men drawing 
from these institutions at the rate of $10 per week each, 
will give some idea of the amount needed. Most of the 
money thus withdrawn finds its way back to usual 
channels of circulation, but the ‘‘ volume and rate of 
flow ’’ is greatly reduced, resulting in tight money and 
slow collections. 

In considering scientific adjustment of industrial 
finances during times of depression, there are a few 
elementary facts that control, all of which can be en- 
larged upon, almost to infinity. It is the purpose of 
this paper to place before you a few principles, leaving 
personality secondary; and if correct assumptions are 
made, the personal equation can be adjusted closely 
and satisfactorily with practical and reasonable accu- 
racy. 

The present situation has been suddenly and with- 
out warning forced upon us and we are at present fac- 
ing a ‘‘ condition and not a theory.’’ That there is 
something wrong we all know, but what is it and how 
can it be remedied or made the least harmful, and what 
lesson can we learn? The question now is how to meet 
it and the problem is how can a recurrence be less 
harmful in the future. 
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To meet the question requires immediate and drastic 
action in most cases, but this action should be taken 
with due care and scientifically lest the pendulum 
swing too far. This is the industrial age in which 
products of the base metals are paramount and any 
permanent setback will be sufficient to stop the wheels 
of progress for some years to come. Therefore, it 
should be emphasized that whatever is done should be 
done scientifically with a broad spirit and a regard for 
the future. 

There has been a decided tendency in the last few 
years for our industries to take too liberal view as to 
future possibilities, and instead of storing up in their 
organization kinetic energy by impartial and broad 
methods, stock dividends have been declared, and large 
and extravagant buildings have been erected without 
regard to the maximum possibilities obtainable by a 
broad and flexible common sense management and the 
natural healthy growth of the market conditions. In 
fact, some are or have been hypnotized by ‘‘ systems ’”’ 
until it is hard for them to find out where they are at. 
Many believe that when a system is installed that is 
all; but a system, however good, is dangerous unless it 
has at its head a man with broad experience and hard 
business common sense. It is in just such emergencies 
as the present one that such a man is the most valu- 
able and saves his salary many times over, and those 
who have not such are now feeling the greatest pres- 
sure. 

In order that a preliminary survey may be made of 
the condition confronting an industry, the following 
facts should be determined as closely as possible : 

1 Duration of period of depression and earning 
power ; 

2 Attitude of banks towards you and their con- 
dition ; 

3 Resources and liabilities ; 

4 Cash on hand and available ; 

5 Realization of cash from resources; 

6 Attitude and condition of competitors ; 

7 Possibilities of market by reducing prices; 

8 Flexibility of organization. 

The extent of a period of depression is placed first. 
as the net resources divided by this time regulate the 
daily or weekly expenditures. 


The attitude and condition of banks directly affects 
resources, as excessive rates of interest, refusal to loan 
on commercial paper or collateral, in usual amounts, 
means a serious reduction in net resources, as it not 
only affects you direct, but also your debtors and ercd- 
itors. 

Resources and liabilities are then largely dependent 
on items 1 and 2 as to the amount and time. 

As 90 per cent of the business in this country is done 

on credit and is effected by items 1, 2 and 3, the cash 
on hand and available becomes the next in importance 
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and blessed be he who has enough ‘* to keep the wolf 
from the door.”’ 

In business as well. as private life, the cash in hand 
is small in proportion to the amounts required to con- 
duct business or live. Therefore, the next step is real- 
izing on commercial paper, collateral and other se- 
curity. 

Having determined how internal and outside influ- 
ences will affect the financial question, it can generally 
be assumed that most competitors are in the same posi- 
tion, but not always. It is his preparedness to con- 
tinue business that will influence the rate of operation 
and the reducing of salaries, wages, and material costs, 
as very few people care to lay off in the most depress- 
ing periods, men who are indispensable to their organ- 
ization. 

Some enterprising firms have gone out in times of 
depression, reduced prices and compelled purchase of 
their product. While this has kept the wheels turn- 
ing, it has also stocked up the market and simply de- 
fers the recovery of normal prices. 

In economizing in item No. 5, efficiency as a work- 
man should be considered first and where efficiency is 
equal, married men should be given preference. 
Where records of performance are kept, this becomes 
an easy task and is less likely to be unfair than where 
personal influences of foremen or gang bosses are the 
criterion of retention of employees. 

The reduction of salaries is a delicate question, as 
there is no measure of efficiency other than the general 
results ; these results are oftentimes absolutely depend- 
ent on the judgment of the ability, knowledge and per- 
sonality and capacity for growth and time of employ- 
ment. It may also involve a question of contract or 
the demand by competitors for the services of the in- 
dividual. This situation is generally handled with 
temporary reductions by mutual consent of both par- 
ties, such reduction to be restored when times will 
warrant. 

Frequently an executive can make a good showing 
the first or second year, but he has sacrificed other 
things to do it and the ensuing years show a drop 
which is so well covered as to be hard to locate, and 
the process of applying the remedy is involved and dif- 
ficult. Sometimes it is a gradual running down of 
quality resulting in heavy expense for travel and trou- 
ble of investigation. I know of one case where it took 
thousands of dollars and five years for a company to 
gain the prestige back that it lost in two years of so- 
called factory management, in which rates were in- 
diseriminately cut and the quality of work thereby 
slighted. 


Flexibility of organization is last but not least, on 
the list. With proper arrangement of duties and the 
training of chiefs of divisions, superintendents and 
workmen, the contracting of the working force be- 
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comes easy, not only from a financial standpoint, but 

an equitable one. 

After the conditions of resources have been care- 
fully reviewed and considered, the present rate of ex- 
penditures should be tabulated in detail and shown 
graphically, under the following headings: 

A Executive—including salaries of all officers of the 
company ; fixed corporate charges. 

B Sales—including advertising, development work, 
managers, salesmen, traveling expenses, rents, ete. 

C Manufacturing—ineluding all fixed charges, such 
as rent, taxes, depreciation, etc.; all non-produe- 
tive wages; all productive wages. 

With resources determined and present rate of ex- 
penditure and the time which the depression is likely 
to last, a rate of reduction is determined which is to 
be applied to each of these three divisions, in propor- 
tion to the value of the services in each, eliminating 
all expense not absolutely required to conduct business 
through the depression. The best way to approach 
this is as follows: 

a Eliminate all work which is not profitable, such as 
inventions, new product, new design, indiscreet 
advertising, traveling expenses ; 

b Cut down, if necessary, working hours, especially 
where it relates to reserve stock on hand, work- 
ing on orders only ; 

c Study the possibility of combination and rearrange- 
ment of duties in executive, sales and manufac- 
turing ; 

Note: Flezibility of organization is very helpful at this point. 
d Temporary reduction of executive salaries; 

e Temporary reduction of all salaried employees, re- 
ceiving above a certain amount ($100 per month 
is the usual limit) ; 

f Reduce the number of non-producers to a minimum ; 

g Reduce the number of producers ; 

h Reduce wages (to be avoided if possible). 

Having reviewed the causes and effects, let us now 
analyze the best way of meeting the question of reduc- 
ing number of employees, by a fair valuation of serv- 
ice and a consideration of the influences at work to re- 
tain or discharge an employee with the idea in view of 
obtaining the most efficient results and of being just. 

Influences: Influences as to the retention of em- 
ployees are often inductive and subtle when analyzed, 
much more so than most employers care to admit in 
public, and may be classified as follows: 1, Nepotism ; 
2, Sentiment; 3, Influence and friendship; 4, Polities; 
5, Lack of inertia (laziness) ; 6, Misguided judgment ; 
7, Improper placing of individual; 8, Technicalities ; 
9, Disease and old age; and 10, Ability. 

Ability is placed last, as the others are generally 
mentally formulated and cause a plus and minus sign 
to be affixed to it.. If a man gets ‘‘ in Dutch,’’ it is 
easy to find some excuse to “‘ fire ’’ him. 


Kinetic Energy of Production: In principle there is 
very little difference between the demands made on the 
manufacturer of a commodity and a public service cor- 
poration as each, in order to be successful, must be 
prepared to meet promptly and efficiently at reason- 
able profit the demands of the consumer. The manu- 
facturer may well study the public service corporation 
and obtain many helpful points in keeping investment 
in plant down and yet be able to supply the peak load 
demand. 

The old plan was to have large plants and invest- 
ment with ample margin for peak loads, which re- 
sulted in heavy depreciation charges, increasing cost 
of power as the load factor was low. This is now 
changed. Turbines and generators are put in to stand 
an overload; boilers are placed with regard to eco- 
nomie fuel consumption for average load with organi- 
zation and facilities for forcing boilers at time of peak 
load to twice their normal capacity or more, by auto 
stokers, foreed draft and high grade coals. These ele- 
ments of quick response to urgent demand might be 
termed the Kinetic Energy of an Organization, and 
applying the parallel to industries, we have roughly 
the following: 


a Specific assignment of duties to men and machines; 
b Currency of tools; 
c Flexible methods of detail accounting tied in with 
manufacturing ; 
d Uniformity of machine tools, to receive jigs, cutters 
and fixtures ; 
« Preparation of methods for compensating labor ; 
f Maintaining buildings and equipment in first-class 
condition that have to do directly or indirectly 
with the turning out of product; and 
g Accessible supply of raw materials. 
Items a to f, inclusive, are within the control of the 
manufacturer. Item g should be looked at from a 
broader viewpoint. Manufacturing is a business on 
which a reasonable profit is expected and yet many 
firms make, while more loose, on speculative buying of 
pig iron, copper, tin, zine and other raw materials. 
a—Specific Assignment of Duties to Men and Ma. 
chines: The duties of various executives of important 
and minor responsibilities should be studied carefully 
and arrangement made by which these duties can be 
analyzed. From this analysis the ones that are abso- 
lutely necessary should be kept in mind and the unim- 
portant ones eliminated. From this, duties can be as- 
signed and rearranged and the working force reduced, 
either by the laying off of those not required or tem- 
porarily reducing them to the ranks until such time as 
business may warrant reinstatement. 
The capacity of machines should be carefully 
studied, together with the operations, and such opera- 
tions assigned as will enable one man to run as many 
machines as he possibly can with a view of obtaining 
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the proper quality of work at a reduced rate and re- 
duction in the number of the working force. This is 
a most important item and should be studied with the 
idea of making the changes in such a way that they 
will admit of prompt rearrangement and enlargement 
as business demands increase. 

b—Currency of Tools: One of the most defective 
points to-day in the development of the kinetic energy 
of an organization is the lack of supply, arrangement 
and assignment of tools, jigs and fixtures. Special ef- 
fort should be made to study production and see that 
the standards, methods of making tools, stock carried, 
ete., should be such as to insure the continuous opera- 
tion of the machines on which they are used. 

c—Flexible Methods of Detail Accounting Tied in 
with Manufacturing Processes: A flexible method of 
detail accounting devoid of red tape and arranged so 
as to give the most efficient factory operation, is of 
paramount importance when a period of depression 
appears. If the method is flexible, it allows of prompt 
elimination of numerous clerks without interfering 
with the accuracy of the data which the proper shop 
accounting method gives. It also eliminates at all 
times unnecessary red tape and influences the manu- 
facturer to study closely and scientifically the require- 
ments of his factory by a simple review of manufac- 
turing and stock records. 

d—Uniformity of Machine Tools: This item is prob- 
ably one of the most important, as it affects items a, b 
and c. By having uniform tapers, width of tee slots, 
speed and feed mechanisms, counter shafts, ete., alike, 
it enables the manufacturer to respond promptly to an 
increased demand and also to spread work over a large 
number of machines operated by one man in times of 
depression. 


e—Preparation of Methods for Compensating La- 
bor: With the four items above carefully arranged, it 
becomes comparatively easy to outline the best rates, 
premium and bonus methods readily adjustable to 
business conditions. 

f—Maintaining Buildings and Equipment: If build- 
ings and equipment are maintained to the highest de- 
‘gree of efficiency during strenuous times, oftentimes 
during a period of depression the expense involved can 
be eliminated, provided that this depression does not 
last too long, but it should not be carried to the point 
where the property has run down too far and requires 
a large amount of time and money to bring back to a 
proper stage. 

g—Accessible Supply of Raw Materials: lf a factory 
is remote from the supply and transportation compa- 
nies and the latter are slow in making deliveries, it is 
quite necessary to carry a large amount of reserve raw 
materials in stock. To those that are near supply 
points, however, it is possible to reduce the amount of 
materials carried to a minimum and buy on short no- 


tice such materials as are required for platit 6peration. 

The six items above mentioned, if carried to reason- 
able perfection, place a factory in condition of pre- 
paredness and the maximum amount of kinetic energy 
is available in an organization, leaving the question of 
materials on which the work is to be performed to com- 
plete the problem. 

Stock on Hand: Waving decided on readjustment of 
duties and schedule of working hours, rates to be paid 
and reduction in working foree, the problem of turn- 
ing quick assets of the business into ready money is a 
much more difficult one. Shrinkage in values of the 
natural products, such as pig iron, copper, tin, leather. 
zinc, ete., are such as to make wholesale sacrifices in 
prices almost impossible unless this shrinkage be off- 
set by reduction in overhead and labor charges. 

Articles showing least shrinkage in materials costs 
should be pushed and sold as rapidly as possible unless 
there is an abnormal profit on articles where materials 
show a greater shrinkage. All doubtful stock should 
be sold as scrap and turned into cash. Work in process 
should be finished and shipped at once, beginning with 
that which has the least labor to complete and working 
down to orders just started. Profit and ability of pur- 
chaser to pay promptly in cash should also guide in 
this. 

Efforts should be made to get business of some kind 
to fill your plant, even if it is a little out of the regu- 
lar line and somewhat special. With an oversold prod- 
uct and output, special work is not wanted, but with 
an output undersold to point of no profit or actual 
financial loss, special work will help absorb the over- 
head; further, if we expect to obtain foreign trade, we 
must furnish what they want and not what we think 
they ought to have. To accomplish this, it is quite nec- 
essary to have accurate records of costs and selling 
prices and a curve should be plotted showing how far 
reductions in price can be carried, bearing in mind 
that when overhead has been absorbed for the period 
of depression, gross profit turns to net, or, if it is im- 
possible to do this, look at the curve with the idea of 
reducing overhead to correspond to reduction in busi- 
ness so you will break even or with a minimum loss. 
See the curve in Vol. 34, of Transactions of The Amer- 
ican Society of Mechanical Engineers, page 1193. 

Purchasing: There is no doubt but that a good pur- 
chasing agent saves his salary directly or indirectly, 
but in the case of the average-sized plant, where the 
volume of business does not warrant a purchasing 
agent, such plants could obtain the benefits of whole- 
sale purchasing and keep in touch with the market by 
combining and hiring one good man to purchase all 
supplies and materials. The same applies to stock- 
keeping methods and stock handling. 

Some, if not all, would say that this is impossible. 
True it is if that is the mental attitude, but, from an 
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economical and business standpoint, it is not, and 
would compel the training of sidesteppers who are 
evading their real responsibilities, to use more care 
and energy in their work and eliminate what is termed 
‘* shop polities ’’ in organization. Truth and facts can 
be dodged for a while, but in the long run they will 
corner the dodger. 

If the rate of production of all raw materials for 
manufacture could be brought to an even basis, either 
by arrangement or a fixed valuation basis, aceumula- 
tion of stock on hand of raw materials, work in process 
or finished, that have accumulated with copper at 16 
cents would not shrink in value 33 '/, per cent when 
the price of copper dropped to 111% cents. 

If our banking systems at large were more favor- 
ably disposed towards, or valuations fixed, these spec- 
ulative losses and hardships would be eliminated and 
it would be unnecessary for individual manufacturers 
to carry so much raw stock. If materials were han- 
dled the same as money and distributed from territo- 
rial storehouses as requirements demanded, this bur- 
den would be equalized and carry with it a much more 
stable condition of market. 

This has practically been done with steel. Why 
should it not be done with cotton, wool, copper, tin, 
zine, lead, ete? It could be done if sound and broad 
business methods were substituted for the speculative 
craze of the individual who lives by his wits at the ex- 
pense of some loser, and these conditions would be- 
come more stable. 

Engineering Service: Many firms have an engineer- 
ing organization for the supervision of power and 
plant work and the design and construction of build- 
ings. Where operations are on a large scale this is un- 
doubtedly the most convenient method, but not always 
the most economical, as there is a tendency towards ex- 
travagances and oftentimes the buildings cost much 
more than to have this work done by an engineer with 
much broader experience. 

In times of depression a number of factories could 
get together and retain an engineer for much less than 
their organization is costing even though the per diem 
charge for work is greater, but they would be receiv- 
ing a broader and more efficient service. There are 
very many shrewd business concerns in this city that 
do this and their total bills for a year amount to about 
half what the engineering organization is costing com- 
panies doing less business. 


Lessons to be Learned: 
Ist: That the world is growing smaller; 
2nd: That nations are more interdependent for inter- 
nal financial and industrial prosperity ; 
3rd: The more civilization advances, the more nations 
codperate in this advance ; 
4th: The lessons of thoroughness and preparedness 
are driven home ; 


Sth: That this country is deficient in merchant ma- 
rine ; 

6th: That shipping and banking facilities with coun- 
tries which are used as a basis for the Monroe 
Doctrine, are controlled by the English, 
French and the German ; 

7th: That our factories are not prepared to meet the 
demands of trade for such countries ; 

Sth: That the mental attitude of taking what is made 
‘* or leave it,’’ must be changed if we expect to 
obtain and hold the trade of other American 
nations ; 

9th: That whatever the outcome of this war may be, 
it will be the engineering of the past forty 
years that develops the successful nation. 

In prosperous times we go on in the even tenor of 
our ways and live our own lives as to personal and 
business expenditures, some saving systematically, 
others always living up to and beyond their income. 
Conveniences and luxuries which appear as necessities 
when the income account is liberal, appear as extrava- 
gances when the income account is suddenly reduced. 
The platitudes and complaints of our troubles in pros- 
perous times are loud and numerous, but let depres- 
sion come on apace and we become meek and chast- 
ened, thankful for small favors and more content with 
our lot and sorry for those who are infinitely worse off 
than we are. 

So panies and depressions have their good points in 
at least giving us a chance to look around and see how 
much we can get along without, to inspire economies 
and less wasteful habits, to allow the physical and ner- 
vous system a diversion and rest, to make us more 
thankful for what we have, and, last but not least, 
more thoughtful and considerate towards others, thus 
building up character to a higher and nobler plane. 


DISCUSSION 


Wituiam Kent: After the Civil War it was thought 
there would be a great depression in this country owing to 
the discharge of so many men engaged in the activities of 
war, and putting them into channels of business. But they 
went back to work again and produced wealth faster than 
it had ever been produced before. Then followed an era of 
speculation and of rapid railroad building. Suddenly, in 
1873, like a bolt from the blue, came the failure of Jay 
Cooke & Co. and the long five-year period of depression set 
in. We were paying $1.75 for common labor at that time 
in New Jersey, and inside of one year the same men were 
glad to get 87 cents a day. 

The first thing that happened when the panic set in was 
to throw men out of employment, and the second thing was 
to put those men at work at 87 cents a day. The depression 
lasted five or six years. It lasted so long that people got 
accustomed to it and thought it was a normal thing. In 
July, 1879, 1 went into the steel business, when we were sell- 
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ing pig iron at $14 a ton. Then suddenly people woke up 
to the fact that the depression was over, that the country 
was short of pig iron, and the boom of 1879 was started. 
The same steel billets that I sold in July for $60 per ton I 
sold the following January at $110. In July we were selling 
pig iron at $14, and in January at $40 a ton. If we do not 
look out, we will get caught the same way again. 

In 1893 we had another panie, followed by another five 
years of depression. As to what we should do in times of 
depression, let me say that after the panic of 1893 I visited 
the Baldwin Locomotive Works, and at that time the nor- 
mal payroll was about 8,000 men. But then they had only 
about 800 men at work, one-tenth of the normal payroll, 
and the works were whitewashed and looked like a ceme- 
tery. They had reserve capital, so could wait patiently for 
better times. 

During the panic of 1907, one of the smaller ones, when 
most people were pretty blue, | met one of the leading man- 
ufacturers of machine tools in New York, and asked him if 
he felt alarmed over the business prospect. He replied: 
“Mr. Kent, I never sell the United States of America short.” 
I visited his big machine works and found them fairly busy. 
I asked the superintendent, “ Are you doing all this work 
on orders?” “No,” said he, “we are working on stock. 
There is a quarter of million dollars worth of goods piled 
up there at the end of the building. It will all sell at good 
prices in a year or so.” And it did. That is the kind of 
courage we want now. We must not shut down production 
if it can possibly be helped. The danger is that the present 
depression will be followed by a sudden boom, and carry 
prices too high if we have not got stock on hand to meet ihe 
sudden rush which follows the panic. 

I had occasion to write an article on pig iron two or three 
months before the panie of 1907, when pig iron had dropped 
from $25 a ton to $24; and people began to wonder whether 
it was not going to rise. I said that $25 is a danger signal. 
and pig iron will not rise again until it goes to 317 a ton. 
The editorial department thought | was crazy, and they 
were not going to publish the article; but they finally pub- 
lished it, and-pig iron went down to $15 before it started to 
recover. When pig iron is $25 a ton, it must go down to 
$15. And when pig iron is $10 a ton it must go up te $15 
or $20 at least. 

Qur farmers are doing very well, and people are wearing 
out shoes and clothes all the time, and they will need more 
when the present ones are worn out. The general business 
of this country, the production and consumption of foods 
and ears and building railroads and houses should go on; 
things are being worn out and they must be replaced. If 
we do not arrange to replace them soon, we will have to 
replace them later, and at higher cost. That is the boom 
period of unduly high prices. Begin to replace those things 
now. 

In regard to this banking trouble, | am in harmony with 
what Mr. Waldron said. I think one of the troubles of this 
country is that the bankers and financiers have not yet 
learned the true principles of finance. The psychological 
condition President Wilson spoke of, is an absolute fact. 
Nervous prostration is nothing but nerves; but it is a serious 
condition that throws the whole system out of order. 

Why can’t we get money? Go back to the Civil War, 
when the question was, how could that tremendous war be 


financed when everybody was scared and the bankers were 
locking up money. The Secretary of the Treasury went to 
Wall Street, and the Wall Street bankers named their terms 
for a loan, and they said that was their ultimatum. The 
Secretary of the Treasury said: “ Gentlemen, it is not the 
bankers of the nation that make ultimatums. It is the Gov- 
ernment of the United States that makes ultimatums. And 
if you do not make this loan we will issue money, emer- 
gency currency, so much that it will take a basketful of it 
to buy a breakfast.” And the Government issued the green- 
backs. Finally it struck the bankers that they had gotten 
in wrong and they were glad to buy the Government’s 7-30 
bonds. Now the bankers are learning something. They 
take out clearing house certificates and emergency currency 
to tide them over the time of trouble; but yet they say “it 
is inflation, and the people will get extravagant.” The peo- 
ple do not get extravagant in panic times, when this emer- 
geney currency is being issued, but in times of inflation fol- 
lowing good times, when credit is good; and there is no rea- 
son why we should not have emergency currency to tide us 
over panies or periods of depression. I believe the bankers 
are all wrong with this whole idea of holding tight to a 
twenty-five per cent reserve during panic times. It is all 
right under ordinary conditions to have a twenty-five per 
cent reserve. If you engineers build a reservoir for sup- 
plying a city with water, you would not expect the city gov- 
ernment to pass a resolution that twenty-five per cent of that 
water must always be kept in the reservoir, and that we 
could not use water when it got down to the twenty-five per 
cent level, for when a big fire or a long drought comes we 
will draw water until the reservoir is empty, if necessary. 
Why do we want to keep a reserve in the banks? “ Because 
the law says we must.” is what the banker replies; “if we 
do not, some State official will come down on us for not hav- 
ing that much reserve.” “ What is the reserve for?” we ask 
the banker. “ We must have the reserve there.” he replies. 
“ What is it for?” we ask. “It is to have a reserve.” 

It is a nice thing to have reserve money in your pockets 
Suppose you say to yourself that vou will never have less 
than twenty dollars in your pocketbook. What good would 
that twenty dollars do your pocketbook, if, when vou needed 
it, you did not use it?) The reason for the reserve is for the 
purpose of having the money when you need it to spend. 
But the bankers say, “It is a terrible thing te loan money 
on copper and cotton,” as was suggested to them. I say, 
“Why not loan on copper and cotton just as well as vou 
loan on gold?) Suppose a bank would loan on eopper ecer- 
tificeates say at 5 cents a pound. Copper never sold below 
10 cents a pound, so it woul] be perfectly sate to lean money 
on copper at 5 cents a pound and then issue emergeney cur- 
rency, and have it carry a discount of one per cent a month, 
so that it would net be held longer than was absolutely nee- 
essary. That would make twelve per cent a vear.” “ That 
is terrible, that one per cent a month interest.” they say. 
“ But,” | reply, “it would tide you over a month or two or 
three months of trouble.” So nobody would hold that money 
for a vear, as it would decrease in value at the rate of one 
per cent a month. 

We have heard about the need of elastic eurreney for the 
last ten years. We are going to have the reserve banks; 
that will help us. Very good. We have gone that far, and 
some day we will get a more sensible set of ideas about these 
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emergency issues, and these United States can be carried on 
in periods of depression without any trouble or worry what- 
ever. That same banker said, “ We cannot loan money on 
collateral, because we haven't got the money. We have to 
protect our reserve.” I said, “ Where is all the money now ? 
Is it hoarded up?” He said, “ Yes; it is hoarded. Thou- 
sands of people are hanging on to their money.” 

A man told me the other day, “If you have any money in 
the bank, draw it out.” I said, “If you have any money, 
put it in the bank and let the banker loan it out and get 
business started.” | said, “If vou are going to buy a suit 
of clothes next month, go and order it now; that will put 
the tailor to work. If you are going to build a house next 
year, start on it now. That will put a lot of men at work. 
If you have any debts and can raise the money, go and pay 
them off. If you owe a man a dollar, pay it to him, and it 
will float around and pay other men’s debts. We want stim- 
ulation, and people putting the money in the banks and the 
banks being as liberal as possible, instead of as stingy as 
possible.” That will tide us over this emergency. That is 
what should be done. 


Sectsy Haar: Referring to one point of Mr. Waldron’s 
conclusions, to the effect that it will be rather difficult for 
us to capture the trade of South America. I believe it can 
almost be stated as an axiom that our foreign trade will be 
the more profitable to us, the more closely we can adhere 
to standard goods, which are manufactured in quantities. 
At any rate, it should be most nearly true in the machinery 
trade which I have particularly in mind at present. We 
differ trom all other manufacturing nations in that work- 
men's wages are high here, in consequence of which our 
standard machine is designed to reduce the labor cost of the 
article produced by the machine either by the principles ae- 
cording to which it is constructed or the attachments with 
which it is fitted. Our competitors, however, have not con- 
sidered it necessary to manufacture machines for their own 
use which are so sparing of the attendant’s labor, and for 
that reason they have developed lines of machinery of mini- 
mum manufacturing cost. We are seeking trade in South 
America and other countries which industrially are not as 
highly developed as we are and where labor is cheap, a facet 
that favors our competitors, as it weakens our chief argu- 
ment in justification of the higher price of our goods. More- 


over, since the standard article of the European manutfae- 


turer more nearly meets the requirements of foreign trade 
than ours does, our competitors can adapt their machines to 
meet the special conditions of different countries more 
cheaply than we can. Thus the argument of purchase price 
is likely to be against us. 

To overcome these handicaps, let us, if necessary, offer 
new lines of machinery especially for foreign trade, utiliz- 
ing such principles of operation and attachments as are in- 
dicated by a thorough study of the actual conditions of use. 
We cannot expect the South American or the Asiatic to 
conduct his business as we do ours, but with our manutfac- 
turing experience and inventive genius we can help him to 
carry on business in his own way more successfully, and in 
this competition of brains we can hold our own. 


Frevertck A. WaLpron: In regard to the remarks of the 
last speaker, Mr. Haar (1 will pass Mr. Kent’s remarks, for 
I agree with him) it brings home to me an experience I had 
about a month ago. While what he says in regard to labor- 
saving, price, ete., the cheapness of labor in South America 
and other countries is all true, yet their unit cost of labor 
is higher. A gentleman came into our office five weeks ago 
in an indignant frame of mind. He came to the United 
States with $500,000 to purchase supplies (not machinery), 
such as nails, steel pipe, ete. He went to one concern, | 
think the largest in this country in its line, and asked for a 
quotation on steel-wire nails. The English practice is dif- 
ferent from ours, as to the length of nail and weight of 
package. They require 112 pounds, while our standard 
package is 100 pounds. This large company would furnish 
them at a price; he also went to five other corporations run- 
ning at forty or fifty per cent capacity, and asked them to 
furnish these nails of a given length put up in 112 pound 
packages. They replied, “ We are very sorry, we cannot 
take the order; we don’t make them that size, and we pack 
in 100 pound packages.” Is not this high treason to Amer- 
ican industries? 

The same gentleman wanted steel tubes, wrought iron pipe 
size in 18-foot lengths. Reeeiving the following reply: * No, 
we cannot furnish unless you take it in 20-foot lengths,” he 
replied, “ Well, I will take them in two 10-foot lengths.” 
They said, “ No, vou will have to take it as we make it or 
leave it.” 

Now, if tales of that kind get abroad, the effect is very 
harmful. 
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RECENT DEVELOPMENTS IN 


THE MANUFACTURE OF THE 


DIESEL ENGINE 


° BY H. R. SETZ, ST. LOUIS, MO. 


Member of the Society 


I is my intention to emphasize fully the importance 
of a careful study of the engineering principles in 
general involved in the construction of oil engines of 
the Diesel type. It is a well-known fact that, compared 
with what has been accomplished with this prime 
mover in other countries, the United States has re- 
mained far behind, although conditions are in a large 
part of this country ideal for its extensive use. Aside 
from a number of other unfortunate circumstances, 
this condition is primarily due to a lack of apprecia- 
tion of sound engineering practice. 

There is hardly a problem that commands the atten- 
tion of engineers at the present time more than that of 
the Diesel engine, which in certain fields at least, is giv- 
ing an entirely new aspect to the manufacture of power 
machinery and to power-house engineering as well as 
to the commercial use of power. The importance of 
this problem is emphasized by the typical American 
aggressiveness with which the manufacture of this 
prime mover has lately been taken up since the expi- 
ration of the principal Diesel patents. If conscien- 
tiously pursued, with careful consideration of the most 
minute details, there is every reason to believe that 
this new enterprise will develop into one of the most 
stable industries. Signs are beginning to appear, how- 
ever, indicating that this is not always being done. 
Merely for the sake of cheapness, practices have in 
some cases been adopted which, being evidently uncon- 
ditionally taken over from gas engine and even steam 
engine experience, are of more than questionable merit. 

The Diesel engine works under a maximum pressure 
of from 450 to 470 lb. per sq. in.; this is only 15 to 20 
per cent higher than what is customary in gas engine 
practice. As far as control of the resulting strains in 
the various engine parts is concerned, no more difficult 
problems would, therefore, present themselves than in 
gas engine design. Unlike in the gas engine, however, 
it is imperative with the Diesel engine that this max- 
imum pressure be attained with compression alone. 
Extreme accuracy of fits as well as alignment of the 
yarious engine parts must therefore be one of the first 
requirements in Diesel engine construction. This is 
-not, as might at first appear, merely a shop question ; 
the highest standard of workmanship cannot prevent 
rapid deterioration if unsuitable materials are used or 
features of design resorted to that result in excessive 
or unfavorable strains. Strength computations are 
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only one part of the designer’s work; a more impor- 
tant task is to study and if possible determine elastic 
deformations and their possible effect upon co-related 
parts. It is here where the designer's skill and expe- 
rience manifests itself ; by judicious distribution of ma- 
terial or form of constructive elements these deforma- 
tions can be greatly reduced and transmitted in such 
a way as not to affect vital points of the engine. The 
unusual amount of painstaking work involved in in- 
vestigations of this nature is well repaid by the satis- 
faction and insurance of having produced an engine 
that will meet the most exacting requirements. An 
engine built with such care will be as reliable as a 
steam engine and considerably simpler than the appa- 
ratus of a steam plant and the operator will be una- 
ware of the high 
which it 
statement may sound Utopian to American engineers ; 
nevertheless it is being proved daily and accounts for 


temperatures or pressures under 


works. In view of past experiences, this 


the fact that the aggregate horse-power of Diesel en- 
gines in operation today in European countries ap- 
proaches the one and one-half million mark. 

We are in the fortunate position of being able to 
draw from the wealth of information and experience 
accumulated during the last ten years in all these 
Diesel engine installations under the most varying con- 
ditions. This experience manifests itself in certaim 
typical forms of constructional elements which have 
been found to give the best security for continuous 
Information 
of this nature is accessible to every engineer through 
the technical press and I cannot but urgently plead 
for its careful study. By this, I do not wish to be un- 
derstood to advocate blindly following practices which 
have been developed by one or two leading European 
concerns and adopted since then with very few modi- 
fications by later manufacturers. The cost of labor 
and its relation to the cost of raw materials are so dif- 
ferent here from what they are abroad, that they in- 
vite certain departures from European practice. The 
ultimate aim, however, must be always a_ product 
which is first of all reliable; we must endeavor to in- 
corporate those features which make for long life, not 
only under intermittent periods of operation, but un- 
der requirements such as have to be met with in indus- 
trial installations with as high as 144 operating hours 
per week. 


service, even under adverse conditions. 


As an example to illustrate this point, Fig. 1 shows 
a form of adjustable bearing which to many engineers 
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RECENT DEVELOPMENTS IN THE 


still represents the ne-plus-ultra of mechanical per- 
fection. With the pressures acting mostly downwards, 
the idea is to take up any wear in the lower box B by 
drawing up wedge W. Considering the fact that a 
slight clearance c must be maintained between shaft or 
pin and bearing to allow for lubricating oil, it can 
readily be seen that even under very best conditions, 
box B is always loose or floating between the moving 
shaft above and the wedge underneath it. That the 
latter, with its varying position according to adjust- 
ment and duty of transmitting all the forces acting 
upon box B, is not an ideal support for a bearing box, 
is quite evident. Utter lack of rigidity in the very di- 
rection where it is most required is therefore the first 
criticism of this construction, 

An equally bad feature is the uncertainty of effee- 
tive lubrication. Owing to the gap g between the two 
box halves which, of course, is necessary to facilitate 


} 


Fic. 1 A GENERALLY USED FORM OF ADJUSTABLE BEARING 


adjustment, a comparatively low bearing pressure, 
combined with the rotation or oscillations at the bear- 
ing surface is required to reduce the thickness of the 
oil film sufficiently to cause excessive wear. <A third 
drawback, which applies to a great number of modifi- 
cations of this form of bearing, is the danger of shift- 
ing in regard to the shaft or pin axis. This is brought 
about by the lack of adequate mechanical means and 
therefore impossibility to maintain absolutely with 
any degree of certainty true alignment, either in op- 
eration or while adjustments on the wedge are being 
made; an error of only a very few thousandths of an 
inch can cause disastrous results. In view of these pos- 
sibilities, the use of any form of wedge adjusted bear- 
ings, either as crank shaft bearings or crank-pin and 
piston-pin boxes, is to be condemned ; experience even 
on gas engines has shown that they lack all the essen- 
tial features that insure reliability in continuous op- 
eration and this will to an even greater extent be true 
in Diesel engine practice. 

Fig. 2 shows the form of bearing which has fulfilled 
all requirements of continuous service in a most suc- 
cessful manner. Rigidity is insured by the bearing 
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shells being fitted over their whole circumference di- 
rectly into the main structure without any intermedi- 
ate parts. Furthermore, they are drawn down tight 
on each other by means of the bearing cap, usually 
with shims s between the joint, so that a continuous oil 
film of ample thickness can be maintained over the 
whole bearing surface. The pin or shaft is thus ac- 
tually kept floating on oil so that wear will be reduced 
toa minimum. It is even conceivable that with clean 
lubricating oil and a proper lubricating system, wear 
might be entirely eliminated. Cases are known where 
Diesel engine main bearings of this form still showed 
original scraper marks after two years of operation. 
It is due to these features that accuracy and mainte- 
nance of alignment are insured to a degree not obtain- 
able with any other form of bearing known today. 
Vertical, moderate-speed four-eyele engines, with 
rotative speeds ranging from 150 to 200 r.p.m., and 
piston speeds from 650 to 750 ft. per min. are consid- 
ered here as the one type which experience has proved 


Fic.2 A rorm or Ricip BEARING THAT SATISFIES DreseL ENGINE 
REQUIREMENTS 


to be more than any other adapted to meet successfully 
general industrial conditions in sizes up to 175 to 200 
h.p. per cylinder. For very small sizes or installations 
where the load factor is low, two of the leading Ger- 
man makers have, within the last few vears, developed 
a line of horizontal engines of the Diesel type. This 
form is somewhat lower in first cost and there- 
fore better adapted for conditions where the fixed 
charges have to be distributed over comparatively few 
operating hours. Under these conditions, the inherent 
disadvantages of horizontal engines probably will not 
manifest themselves sufficiently to cause excessive 
maintenanee expenses, although naturally experience 
extending over sufficiently long periods to furnish con- 
clusive data is at the present time still lacking. The 
two concerns referred to above, although being the 
largest manufacturers of horizontal engines, have at 
the same time a far larger output in vertical units. 
As regards vertical engines, distinction must be 
made again between the moderate-speed and the high- 
speed type, running anywhere from 200 to 400 r.p.m.. 
with piston speeds ranging from 800 to 900 ft. per 
min. and more. These were brought out lately to meet 
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422 RECENT DEVELOPMENTS IN 
a demand for compact and light prime movers to be 
used as auxiliaries on board ships or as a standby for 
lighting, power and pumping plants, where space is 
limited. Unfortunately not enough information is 
generally available whereby a relation between most 
favorable operating conditions and rotative or piston 
speeds can be definitely established, but this much is 
known, however, that high piston speeds are decidedly 
detrimental to continuous satisfactory operation. It 
is only under conditions such as rather infrequent and 
short operating periods, therefore, that the high-speed 
engines can give a fairly good account of themselves 
and even then their depreciation is quite rapid. 

The characteristic features of the Diesel cycle of op- 
eration cannot be more quickly grasped than by refer- 
ence to the comparative indicator diagrams, Fig. 3, of 
a Diesel engine, a gas engine and a steam engine, all 
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CoMPARATIVE INDICATOR DIAGRAMS OF DIESEL ENGINES, 
Gas ENGINES aNnD UNIFLOW STEAM ENGINES 


three having the same eylinder volume. The steam en- 
gine diagram is characteristic of the uniflow engine, a 
form which permits: the utilization of the whole pres- 
sure range of the steam in one cylinder in the most 
ideal manner. The similarity of this diagram to that 
of the Diesel engine is quite striking, except for the toe 
T, caused by the uncovering of the exhaust ports of 
the steam engine piston. The Diesel engine diagram 
shown is that of a four-cycle engine; in the card of a 
two-cycle engine, a similar toe would be apparent. The 
maximum pressures, while, of course, about three 
times higher in the Diesel engine, are in both engines 
obtained very gradually by compression alone, while 
in the gas engine the pressure at the end of the com- 
pression stroke is only about 160 lb., followed by a 
practically instantaneous pressure increase to 360 Ib.. 
or about 125 per cent. It can be seen from this that 
while the maximum pressure reached in the Diesel en- 
gine is about 15 to 20 per cent higher, the gas engine 
nevertheless works under less favorable conditions. In 
actual practice, this manifests itself in a distinct 
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pound in the gas engine, which is not noticeable in the 
Diesel engine. Due to the higher compression, the 
clearance volume of the Diesel engine is about 8 per 
cent of the displacement volume, compared with 20 to 
25 per cent in the gas engine. In the uniflow engine, 
with the steam exhausting into the condenser under a 
very low vacuum, the clearance volume is only 2 per 
cent of the displacement volume, although not all of 
the latter is available for compression, as the exhaust 
ports extend usually over about 8 per cent of the pis- 
ton stroke. 

Since Fig. 3 shows the diagram of the three types 
of prime movers over the same cylinder volume (at 
the end of the expansion stroke), it forms a ready 
means of comparison in regard to their specific work 
capacity. With the uniflow steam engine highest and 
the gas engine lowest, the proportions are about 
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Fig. 4 DiaGrRamM or WorKING ELEMENTS OF THE ENGINE 


1.85 : 1.35 : 1.0. The four-cyele Diesel engine with its 
one working stroke against the two of the steam en- 
gine, is, therefore, a fairly close second, while a two- 
cycle Diesel engine, although its mean effective pres- 
sure is considerably lower than that of a four-cyele, 
leads the steam engine by about 18 per cent. This su- 
periority of the two-cycle engine over the four-cyele in 
regard to capacity is quite generally understood and 
accounts for a rather widespread belief that the Diesel 
engine of the future will be of the two-cycle type. Un- 
fortunately, however, this very fact of double the 
power strokes and double the heat influx through a 
given cylinder surface, introduces physical and me- 
chanical problems of a complexity unknown in four- 
cycle engine work. In a two-cycle engine, the heat to 
be transmitted through one square foot of eylinder 


| 
| 
| 
xin 
im 
bal 
| 
| 
} 
| 
pe 


RECENT DEVELOPMENTS IN THE DIESEL ENGINE, H. R. SETZ 423 


surface amounts to approximately 90,000) B.t.u. per 
hour, as compared with about 10,000 B.t.u. in a steam 
boiler. In a four-cycle engine cylinder of the same 
size, the corresponding figure is approximately 40,000 
B.t.u., i.e., less than one-half owing to the higher econ- 
omy over the two-cycle engine. The overheating of 
four-cycle engines, when working under heavy over- 
loads for any length of time, may well give some idea 
of what is happening in the two-cycle cylinders. If to 
this is added the extremely high mean bearing pres- 
sure which is continuously acting in the same direction 
and thus aggravates the difficulty of lubrication, it is 
little wonder that the two-cycle Diesel engine has so 
far failed to fulfill most of its promises, except for 
large, slow speed, stationary units. 

Owing to their high mean temperature, any strains 
of the reciprocating piston, even those resulting from 
the weight only, have proved detrimental and must be 
kept away from the eylinder walls. This can be ae- 
complished only in a vertical cross-head type engine 
with water-cooled pistons and even then experience has 
amply proved that nothing but the longest possible 
intervals between ** heat impulses,’’ i. e., slow speeds. 
will guarantee its success. Such features cannot be 
incorporated in engines below about 200 h.p. per eyl- 
inder without increasing their cost to a prohibitive 
figure. It can safely be said, therefore, that for any- 
thing like steady daily service, the two-cycle Diesel 
engine of small or medium size is out of the question. 
The reluctance with which these faets are accepted by 
those not thoroughly versed in Diesel engine practice 
is shown by one or two types of two-cycle engines that 
are conspicuous by their cheapness as well as poor en- 
gineering features. The temporary advantage gained 
by the cheap first cost is in a short time wiped out by 
the heavy maintenance cost and involuntary shut- 
downs. 

The high compression of the Diesel engine as shown 
in the diagram, Fig. 3, indicates that there must be a 
fundamental difference between its method of opera- 
tion and that of other forms of internal combustion 
engines. With the latter, it is a well known fact that 
the danger of premature ignition of the gas and air 
mixture contained in the evylinder during the compres- 
sion stroke, limits the maximum compression pressure 
to a value far below that obtained in Diesel engines. 
In the latter, pure air alone is compressed in the en- 
gine cylinder, which, of course, at once eliminates all 
danger of premature ignition. The fuel is not brought 
into contact with this highly compressed air until the 
end of the compression stroke. From this the need for 
entirely new mechanical means on the Diesel engine, as 
shown diagrammatically in Fig. 4, is apparent. Aside 
from the usual cylinder and piston with admission and 
exhaust valves, each Diesel engine requires an air com- 
pressor a, capable of compressing air to a pressure as 
high as 900 lb. per sq. in. These air compressors have 


at least two, preferably three, pressure stages with ef- 
fective intercoolers between each stage, so as to keep 
the air temperatures always as low as possible. From 
the last stage, the air passes to a receiver ¢t, which is 
continuously in open communication with space s of 
the fuel valve cage ¢ on the engine cylinder. Fuel oil 
pump vo, under control of the governor, periodically de- 
livers a measured quantity of oil corresponding to the 
load on the engine, into space s of the fuel valve cage. 
This oil, it will be observed, must be delivered against 
the high pressure prevailing in space s, as will be re- 
ferred to again. As soon as the fuel valve n opens, the 
high pressure air will blow the fuel from space s into 


Fig. 5 AN EXAMPLE OF THE CONVENTIONAL Type oF VERTICAL 
Four-CycLte ENGINE 


the engine cylinder where air has in the meantime been 
compressed high enough so that the resulting tempera 
ture will immediately ignite the fuel injected into it. 
This injection continues over about 10 per cent of the 
downward stroke of the engine piston in such a way 
that combustion of fuel takes place at approximately 
constant pressure (see indicator card, Fig. 3). The 
important function of the high pressure air com- 
pressor a can now be readily understood in that it fur- 
nishes the necessary medium to carry the liquid fuel 
into the engine cylinder against the high pressure pre- 
vailing therein; incidentally it also furnishes the air 
required to start the engine. 

Fig. 5 shows an older form of the conventional type 
of vertical four-cycle Diesel engine, on which the ar- 
rangement of the principal parts just enumerated can 
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be clearly seen. The air 
mounted horizontally along the engine base-plate and 
driven directly from a side crank on the engine shaft 
and forms, therefore, an integral part of the engine; 
this is to-day the general practice on all modern Die- 
sel engines, as it has been found to be by far the most 
effective arrangement. The vertical arrangement, as 
in Fig. 23, is, however, to-day given the preference, as 


compressor, A, is here 
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parts thus insures maintenance of accuracy in the 


valve setting as well as quiet operation. As an addi- 


tional insurance, some designers have lately completely 
enclosed the cam shaft in a continuous housing, where- 
by the cams and cam rollers can be thoroughly lubri- 
cated and dirt and dust kept away from them. 

The accepted practice on all internal combustion en- 
gines for starting is compressed air, which suggests it- 


Fic. 6 DETAILS OF A FORM OF STARTING MECHANISM COMMONLY USED IN DieseL ENGINE PRAcTICE 


it gives more satisfactory results and has, therefore, 
been adopted even for horizontal engines. The fuel 
oil pump, 0, is mounted on the cam shaft bracket and 
is driven from the vertical shaft which transmits 
the motion from the crank shaft to the cam shaft. This 
same vertical shaft carries on its top the governor, G, 
which regulates the amount of oil to be furnished by 
pump 0, although a somewhat simpler and neater ar- 
rangement for this governor is found on most of the 
latest forms of engines by placing it on the vertical 
shaft underneath the oil pump. 


Fig. 5 gives also a good idea of valve gear arrange- 
ment. The cam shaft runs alongside the cylinder head 
and is supported on brackets B bolted to the engine 
frame, which permits the removal of the cylinder head 
without having to dismantle the cam shaft. With the 
cams C thus brought close to the valves in the cylinder 
head, the mechanism required to operate each valve 
reduces itself to a single rocker arm R,, R,, R, and R,, 
and the absence of rods or any other intermediate 


Fic. 7 A Form or APPARATUS USED IN MARINE PRACTICE FOR 
OPERATING THE STARTING VALVE 
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self all the more on the Diesel engine on account of 
the use of the high-pressure air compressor. The fact 
that air of a pressure varying from 700 to 900 lb. per 
sq. in. is needed to inject the fuel into the engine cylin- 
der naturally suggests the use of air of this same pres- 
sure for starting and this actually is the practice gen- 
erally pursued in modern Diesel engines. One or two 
large seamless steel receivers of ample capacity for sev- 
eral starts each are to-day used on every engine, these 
being kept charged with air of from 700 to 800 Ib. 
pressure, 

In the first stages of Diesel engine development in 
Europe, this high pressure air system had often been 
criticised as dangerous; now, since thousands of in- 


Fic. 8 Pian View or THE VALVE GEAR SHOWN IN Fic. 6 


stallations have proved their safety to exceed that of 
steam boiler plants, owing to the absence of high tem- 
peratures and the small pipes used, it is accepted as 
the simplest and most reliable system for starting. 
Nevertheless, schemes are occasionally brought out in 
which the high-pressure air system has seemingly been 
done away with by replacing both injection and start- 
ing air receivers with one tank, which is kept charged 
with air of about 200 lb. pressure. In siarting, the en- 
gine is operated with air of this lower pressure until 
a sufficiently high air pressure has been built up in 
the injection air line to permit the injection of fuel 
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oil into the engine cylinder. The high-pressure air 
compressor as well as the high-pressure air line to the 
injection valves are, of course, retained with this ar- 
rangement, so that the mere elimination of the high- 
pressure air receivers means a very small gain in re- 
gard to safety. A very serious drawback is intro- 
duced, however, due to the resulting absence of reserve 
capacity of compressed air. If it takes about ten 
charges of compressed air to build up the injection air 
pressure, it can be seen readily that with an initial 
pressure of only 200 |b. very little air will be left for 
another start if the first attempt should fail. Further- 
more, the absolute dependence upon every stroke of 


Fic. 9 A Mopiriep ARRANGEMENT OF THE VALVE GEAR TO 


FactLiTaTE ReMOvAL or Rocker ARMS 


the air compressor so as to prevent immediate redue- 
tion of the injection air pressure below that of the 
highly heated air in the engine cylinder, with result- 
ing explosion in the injection valve cage and especially 
burning off of needle valves, does not greatly add to 
the reliability of this system. 

The customary arrangement on the engine to facil- 
itate starting consists of a valve V, Fig. 6, which is 
mechanically operated by means of rocker arm R,, and 
this, as well as the injection valve rocker arm R,, are 
both mounted on an eccentric E, which is provided 
with the handle H. With this handle in the running 
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position, as shown in full lines in Fig. 6, rocker arm 
R, is raised sufficiently to let its eam C, pass under- 
neath it without operating valve V, while rocker arm 
R, is in its normal operating position. To start the en- 
gine, handle H is turned 90 degrees into position 2, 
when rocker arm R, is moved out of contact with its 
cam C,, while R. now moves into operating position. 
With handle H in position 7, neither rocker arm is 
working and the engine is thereby stopped. Valve V 
is made a balanced valve by giving its stem the same 
diameter as the valve proper, thus permitting the 
starting air to be turned on without causing it to open. 

Induced by the requirements of marine practice for 
which the system just described does not lend itself as 
readily on account of the frequent maneuvering, sev- 
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Fic. 10 Cross-secTION oF CYLINDER HEAD SHOWN IN Fia. 8 


eral schemes have lately been devised whereby the 
starting valve is operated pneumatically. This per- 
mits a considerable simplification of the whole valve 
gear which, with some modifications, is applicable to 
advantage on stationary engines as well. Fig. 7 repre- 
sents schematically one such system which has given 
very good satisfaction. Mounted on the same shaft 
with the cams is the rotary distributor D which, by 
means of suitable passages, periodically connects a 
chamber over the starting valve first with branch L, of 
the starting air line and then to the atmosphere 
through O. Piston N on the starting valve stem is 
thus acted upon to operate valve V the same way as 
was formerly the case with the rocker arm R,. This 
starting operation begins as soon as the quick-opening 
valve Q is moved to admit air from the main starting 
line L into the branch line Z,; valve Q is so arranged 
that the engine can be started either from the plat- 
form or engine room floor at will. 
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Here is an example where it has paid well to make 
a departure from conventional European practice. 
Aside from providing means for starting and stopping 
the engine either from the engine platform or engine 
room floor and thus eliminating one of the criticisms 
made against vertical engines, it has helped to consid- 
erably simplify the valve gear as Figs. 8 and 9 will 
show. Fig. 8 gives a top view of the valve gear shown 
in Fig. 6. R, is the rocker arm for the exhaust valve, 
k, that for the starting valve, R, for the injection 
valve and R, the one for the admission valve. All 
these, together with eccentric E and handle H, are 
mounted between the supporting posts P on fulerum 
F (see also Fig. 6). It will be noticed that in order 
to remove any of the valves from the cylinder head the 
rocker arms with their fulerum F must first be bodily 


Fig. 11 Cross-secTION THROUGH A CYLINDER HEAD SymM- 
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lifted out of the supporting posts P. With the elimi- 
nation of rocker arm R, and the handle H, a more con- 
venient method of support could be adopted for the 
valve gear shown in Fig. 9. Here rocker arms R, and 
R, are mounted on the overhanging ends of fulerum 
F, the latter being rigidly supported by the chair C 
between its two bosses B with the injection valve 
rocker arm in between them. Either rocker 
arm Rk, or R, can be easily withdrawn by tak- 
ing off the end plate 7, which permits quick removal 
of the admission or exhaust valve while the rest of the 
valve gear remains intact. Full access for removing 
the injection valve is obtained by loosening the two 
clamping bolts S in the chair C so that fulerum F can 
be shifted lengthwise until rocker arm R, can be taken 
off. These modifications, although insignificant in 
themselves, are the simple short cuts which make 
proper supervision easy. 

Probably the most important, although least notice- 
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able, advantage resulting from this modified valve 
gear is the simple cylinder head construction. It is 
well known from gas-engine practice, that the cylin- 
der head is one of the most delicate parts on the whole 
engine, and this is to a still greater measure true with 
Diesel engines where, owing to the higher pressures, 
although with temperatures slightly lower than in gas 
engines, extreme care must be paid to a suitable de- 
sign. Aside from proper material which in itself re- 
quires considerable study, the first requirement is to 
obtain a casting which is as free from initial strains 
as possible. With our present knowledge very little 
can be done to determine these mathematically before- 
hand; the designer must here be guided by logical rea- 
soning, based upon practical experience. 


~ 


Fig. 12 
ENGINES 


The cross-section through cylinder head shown in 
Fig. 10 is typical for the valve arrangement and valve 
gear shown in Fig. 8, but, although quite generally 
used, it can hardly be considered an ideal one. With 
the exhaust and admission passages running in differ- 
ent directions and the starting valve placed to one side 
of center line B-B, this cylinder head has no axis of 
symmetry; the unequal distribution of metal is likely 
to cause initial strains of widely varying magnitude at 
different points of the casting which cannot be entirely 
relieved by annealing. Under this condition, the addi- 
tional and quite considerable, strains resulting from 
the high working temperatures and pressures in the 
engine cylinder may cause deformations (sometimes 
even rupture) which will seriously affect the life of 
the valves and impair the accuracy of their timing, 
particularly the closely fitted injection valves. It is 
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evident that the overhanging lugs 8S, which support 
the valve gear posts P (see Fig. 8) transmit quite an 
appreciable bending moment upon the walls of the 
cvlinder head, thus adding to the complexity of the 
case. 

Considerably more freedom from all these influ- 
ences is obtained with a cylinder head as shown in Fig. 
11. The symmetrical distribution of the metal about 
the axis B-B, together with liberal hand holes O, are 
conducive to small initial strains and more uniform 
working strains, aside from offering the advantage of 
easier moulding. This arrangement is made possible 
by locating the air starting valve on center line B-B, 
away from the valve gear side. No bending strains are 
transmitted to this cylinder head since chair C (Fig. 
9), supporting the valve gear, is mounted on the cylin- 
der head and held down by the two studs LY. 

One of the most important parts of the Diesel engine 


Fic. 13. ANOTHER WELL ESTABLISHED FORM OF ATOMIZER FOR 
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is the fuel injection valve, which, as Fig. 9 shows, is 
arranged vertically in the center of the cylinder head. 
This has been found to be the most advantageous loca- 
tion and is one of the reasons why the vertical engine 
finds so much preference among Diesel engineers. 
With all the valves arranged vertically in the cylinder 
head, whereby wear on their guides is almost entirely 
eliminated and accurate seating at all times insured, a 
perfectly cylindrical and, therefore, most ideal com- 
bustion chamber is obtained. A similar form of com- 
bustion chamber can, of course, also be obtained on 
horizontal engines if the valves are placed horizontally ; 
this, however, means resorting to a practice long ago 
discarded on gas engines after it was found to be in- 
ferior to the vertical valve arrangement. 

The introduction of the fuel into the engine cylinder 
is one of the most intricate problems involved in Diesel 
engine design. This can be readily understood if it is 
remembered that on stationary engines of the type here 
considered, a period of only about '/,, to '/,, of a 
second is available gradually to inject the fuel, and at 
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the same time convert it from the liquid state into 
very minute particles which will have to be gasified 
and brought into intimate contact with the air neces- 
sary to sustain combustion. The usual means for ac- 
complishing this is illustrated in Fig. 12, where the 
lower end of the needle valve guide g is provided with 
a series of perforated dises b, the holes in which strad- 
dle each other from plate to plate. Between injection 
periods the fuel oil is deposited on these dises where 
it will spread out and equally distribute itself all 
around the valve guide. When needle valve n opens, 
the high pressure air blast passing down through the 
holes in plates b will wipe the oil off from these com- 
paratively large surfaces and carry it through longitu- 
dinal or spiral grooves p and nozzle m into the combus- 
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tion chamber; the artificial resistance thus introduced 
to retard the oil while the air passes over it at a high 
velocity, effectively disintegrates the liquid into a very 
fine spray. 

Quite a number of modifications, all based upon the 
principle just explained, have lately come into exist- 
ence for use with various fuels. Notable among these 
are the provisions made to insure the introduction of 
fuel into the combustion chamber with the very first 
particles of injection air, particularly with fuels hav- 
ing a very high flash point. Experience has taught 
that in connection with such oils the cooling effect of 
the injection air has a detrimental influence on quick 
and complete combustion which can only be eliminated 
with any degree of certainty by providing for imme- 
diate ignition of oil particles as soon as the injection 
valve opens. It is beyond the scope of this paper to 
attempt to cover this very interesting phase of Diesel 
engineering, especially since it is still decidedly in the 
development stage. 


For completeness, however, reference will be made 
to another of the well-established forms of atomizers 
for vertical engines, the principle of which differs 
somewhat from the one described above. Oil is de- 
livered through passage p, Fig. 13, partly filling annu- 
lar space c as well as a series of holes h, while space s 
is as usual in connection with the injection air receiver. 
With the opening of needle valve n the flow of injec- 
tion air will immediately cause a drop of pressure at g, 
thus gradually forcing the oil up through holes A into 
the stream of injection air passing down along valve 
n. It will be observed that in this atomizer also great 
care has been taken to insure equal distribution and 
thorough mixing of oil with the injection air. 

While the injection valve provides the means where- 
by atomization and introduction of fuel into the engine 
cylinder are controlled, it is the function of the fuel 
pump to deposit the proper amount of fuel oil in the 
injection valve cage; upon the former depends the 
economy of the engine, while the latter affects the regu- 
larity of its operation. This is again a phase of Diesel 
engineering which requires extremely careful study on 
the part of the designers as the following consideration 
will show: Fig. 14 represents the regulation diagram 
of a 100 h.p. engine at a normal speed of 165 r.p.m. 
Any change of load will cause a change of speed and 
corresponding change of governor collar position, the 
ideal condition being where these changes are propor- 
tional to the load carried by the engine. This condition 
is represented by line A which, it will be observed, 
shows equal increments of speed changes and governor 
collar travels for equal load increments. Curve C shows 
the variation in the amount of oil to be delivered per 
pump stroke for these various load increments. At the 
normal load 0.141 cu. in. of oil are required per pump 
stroke ; at three-quarter load this quantity is reduced 
by 0.030 cu. in., at one-half load by about 0.028 eu. in., 
ete., down to 0.021 cu. in. at no load. From this it fol- 
lows that while the governor collar travels are constant 
for the same fractional load variations the changes in 
the capacity of the oil pump follow a different law. 
Considering the fact that the quantities to be pumped 
are extremely small and must, as we have seen, be de- 
livered against the high pressure of the injection air, 
the care involved in a pump of suitable design can 
readily be appreciated. 

Mention must here be made of the so-called ‘‘ open 
injection nozzle ’’ and its effect upon the pump design, 
which has lately been greatly exaggerated. The char- 
acteristic feature of the open injection nozzle consists 
of a small chamber or passage continuously in com- 
munication with the combustion chamber through the 
injection nozzle, the fuel oil being delivered into this 
chamber while the pressure in the engine cylinder is 
approximately atmospheric. By this expedient no 
appreciable back pressure has to be overcome by the 
pump in delivering its charge which, it is claimed, 
greatly simplifies its construction. It cannot be de- 
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nied that this is of some advantage inasmuch as a stuf- 
fing box on the plunger can be dispensed with. It is 
extremely questionable, however, whether this slight 
simplification of the pump compensates, especially in 
larger engines, for the indirect control of fuel injee- 
tion with a valve which merely cuts off the injection 
air blast. To the author’s knowledge no success has 
so far been had with the open nozzle arrangement on 
vertical engines. 

Curve C of Fig. 14 incidentally shows the remark- 
ably steady fuel consumption of the Diesel engine, 


which is almost proportionate to the engine load as a 
comparison with tangent 7 to curve C at the point of 
normal load indicates. In this respect the Diesel en- 
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In Fig. 15 the pump plunger is operated positively on 
the discharge stroke by means of a cam while on the 
return or suction stroke a spring keeps the plunger in 
contact with the receding cam until it is stopped by a 
governor-operated wedge which thus varies the suction 
stroke. This form of pump is unsuitable for work 
against heavy pressures as the friction of the plunger 
stuffing box could only be overcome by quite a heavy 
spring which from the time the plunger is forced 
against the wedge, would render the governor inoper- 
ative; on light loads this would happen dpring almost 
the complete turn of the cam so that regulation would 


: 
kK 


i 


Fic. 15 Metruop or GoverninGc By Controt- Fic. 16 Governinc BY ANOTHER Metuop or Fic. 17 A Lever anp 


LING LENGTH OF SucTION STROKE 


gine differs from any other prime mover known today 

and accounts for the fact that even at a small load 

factor its economy is singularly high. Moreover, this 
economy is maintained in continued operation since 
the automatic and complete control of the governor 
and absence of all auxiliaries entirely eliminates the 
personal element. 

Three distinetly different methods of fuel oil pump 
regulation are known today : 

1—Variable stroke of the pump plunger ; 

2—A mechanically operated by-pass valve by means of 
which more or less of the oil taken in during the 
suction stroke is returned to the suction chamber 
during the discharge stroke ; and 

3—Variation of the capacity of the pump chamber 
(variation of the clearance volume). 

Typical forms of oil pumps constructed on the first 

method are shown diagrammatically in Figs. 15 to 18. 


CHANGING LENGTH OF SUCTION STROKE 


CrANK MECHANISM FOR 
CHANGING STROKE 


be seriously affected. The same holds true of the 
pump shown in Fig. 16, where a shaft governor acts 
directly upon two eccentrics to shift one relative to 
the other and thereby change the stroke of the plunger. 
With a stuffing box sufficiently tight to pack the plu- 
ger against heavy pressures, as well as due to the pres- 
sures acting upon the plunger itself, the reaction upon 
the governor would frustrate all attempts of regula- 
tion. Both these forms of pumps are, therefore, only 
used in connection with open nozzle engines where low 
back pressure on the oil permits the elimination of a 
gland at the plunger. 

Fig. 17 illustrates an attempt at adapting the vari- 
able stroke principle for high-pressure work; here the 
plunger is operated indirectly from a cam by means of 
a lever and a bell crank with a governor controlled 
roller interposed between them. As in Fig. 15, the 
discharge stroke only is positive, the return stroke 
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again being accomplished by means of a spring which 
in this case must be heavy enough to overcome the 
gland friction at the plunger. It is evident that in 
spite of the roller, excessive friction work can be easily 
imposed upon the governor if the gland at the plunger 
or the spring for actuating it is carelessly adjusted, 
and this form of pump, therefore, can hardly be 
considered satisfactory in all respects for accurate 
regulation. 

Fig. 18 illustrates the very interesting case where 
the process of measuring the oil and then foreing the 
measured quantity to the engine against the high pres- 
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been overcome, although the rather complicated me- 
chanical structure requires careful design and work- 
manship in order to prevent excessive wear at its many 
links and pins. 

Two typical forms of pumps of the second method 
are illustrated in Figs. 19 and 20, their characteristic 
feature being the plunger positively operated by an 
eccentric crank having a displacement considerably 
larger than the maximum charge of fuel oil required 
by the engine. Regulation is obtained by the governor 
acting upon the suction valve through a system of 
levers in such a manner that during the first part of 
the discharge stroke this valve remains open for a 
longer or shorter period; after a certain amount of oil 
has thus been by-passed to the suction chamber the 
valve returns to its seat and during the remainder of 
the stroke oil is foreed to the engine. With the ex- 
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ONE FOR MEASURING AND THE OTHER FOR 
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sure of the injection air is assigned to two separate 
plungers. The forcing plunger p is positively oper- 
ated from an eccentric or crank at constant stroke 
while the measuring plunger m derives its movement 
from the former through a system of levers. Regula- 
tion is obtained by means of bell crank ¢ which per- 
mits the governor to shift the fulerum of lever a. 
With this arrangement the measuring is accom- 
plished under the moderate pressure head at which 
the oil usually flows to the pump, and a gland at the 
measuring pump plunger can be dispensed with, thus 
reducing friction to a minimum so that practically no 
reaction should manifest itself at the governor. The 
above-mentioned disadvantages of the variable stroke 
plunger arrangement for heavy work have thereby 
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By-PassING TO Suction CHAMBER 


ception of slight modifications in details of construc- 
tion, Figs. 19 and 20 are representative of the most 
generally used method of regulation on Continental 
Diesel engines; one and the same pump lends itself 
readily to a wide variety of engine sizes by simply vary- 
ing the point of closing of the suction valve. But the 
present patent situation in the United States will un- 
doubtedly greatly restrict the use of such pumps for 
some time to come. 

Fig. 21 shows a pump of the third method, where 
the capacity of the pump chamber is varied independ- 
ently of the pump plunger. The latter is again posi- 
tively driven and has, therefore, a constant stroke and 
displacement. One end of the pump chamber is 
formed by a diaphragm which is secured at its outer 
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periphery so that it lies normally flat as shown. At 
the beginning of the discharge stroke the pressure ex- 
erted upon the oil in the pump chamber causes the 
diaphragm to deflect until it lies against the unyield- 
able stop m, and the remainder of the oil is then foreed 
to the engine. On the next suction stroke the dia- 
phragm returns to its flat position and a new supply of 
oil is taken in through the suction valve s, the amount 
of oil enclosed in the pump chamber at the beginning 
of each discharge stroke being, therefore, always the 
same. Regulation is obtained by changing the posi- 
tion of stop m by means of wedge a, which is connected 
to the governor and against which the stem of stop m 
rests. It will be noticed that this pump regulates by 
changing its clearance space, in which a variable quan- 
tity of oil can be stored while the remainder goes to 
the engine. 

The longitudinal and cross-sectional views, Fig. 22. 
give an idea of the constructional details of a pump 
of this principle. It is provided with two diaphragms, 
one on each side, and the stops which limit the deflec- 
tion of the diaphragms are made up of a series of seg- 
ments, S, supported at their outer periphery on the 
covers (, while their inner ends engage with the regu- 
lating screws R. The latter are acted upon by the gov- 
ernor through levers L, and L,, which turn these 
screws over a larger or smaller angle according to the 
change in the position of the governor collar, and seg- 
ments S are accordingly tilted from their straight posi- 
tion thus permitting the diaphragms to deflect more 
or less. The pitch of serews S is determined in such a 
way that, for a given maximum governor collar travel, 
the corresponding deflection of the diaphragms will 
always be within a very safe limit, never amounting to 
more than ,'; in. In other words, their maximum de- 
flection corresponds to a load which is only a very 
small fraction of the pressure against which the oil 
is foreed to the engine. Since these diaphragms are 
in any position supported over their whole surface by 
unyieldable rigid supports, it is the latter that carry 
the full load, leaving the diaphragms unaffected. A 
part of the load thus carried by the segments, S, will 
be transmitted to the regulating serews which might 
be expected to produce sufficient frictional resistanc 
to temporarily render the governor inoperative, but 
in actual practice it was found that this resistance is 
either not sufficient or else the time during which it 
manifests itself too short to lock completely the gov- 
ernor. It has, however, a beneficial dampening effect. 
similar to a dash-pot, which effectively prevents oscil- 
lations, for instance, during rapid changes of load, and 
the essential requirements for close regulation are thus 
met with extremely simple means. 

This pump has only one plunger, and for multi- 
eylinder engines provisions must therefore be made to 
distribute the oil equally to the various cylinders. <A 
so-called distributor, B, which in Fig. 22 is shown for 
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a three-cylinder engine, is used for this purpose, Since 
there is usually a considerable difference in the dis- 
tance and, therefore, resistance of the oil pipes between 
the fuel pump and the various engine cylinders, means 
must be provided whereby these resistances can be 
equalized, and this is accomplished by means of cali- 
brated orifices O which may be throttled more or less 
with the needle valves VN. With this arrangement suf- 
ficiently close adjustments can be made to obtain in- 
dicator cards in the various engine cylinders which do 
not differ more than 2 to 3 per cent from one another, 
and it is still an open question whether or not these 
slight discrepancies, which might from other sources 
become considerably larger, warrant the use of a sepa- 
rate pump for each cylinder; the greater complication 
and expense of this latter expedient seem hardly war- 
ranted for small and medium size engines. 

There number of details 


are a which, although 


known from gas engine practice, have had to undergo 
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a distinct development of their own in order to meet 
Diesel engine requirements, but instead of discussing 
them, | wish to point out a few general features of an 
American-built Diesel Fig. 23. illustrates 
the Fulton-Tosi oil which in its general 
appearance resembles the typical moderate-speed Die- 


engine. 
engine, 


sel engine as it is built to-day by the leading European 
manufacturers. The main engine structure consists of 
an individual A-frame for each cylinder, mounted oa 
The main bear- 
ings as well as the crank and piston pin boxes are de- 


a shallow base plate of box section. 


signed in accordance with the considerations laid down 
in the early part of this paper. This method of jour- 
naling the moving parts, together with the individual 
A-frames with their central load transmission and _ re- 
sulting freedom from uncontrollable strains, imsure 
maximum rigidity and, therefore, maintenance of ae- 
curate fits and alignments. The upper part of these 
A-frames forms the eylinder jacket into which the 
evlinder proper is inserted in the form of a liner, held 
at the top by means of the evlinder head and free to 
expand longitudinally. Owing to the uniform cooling 
which insures the maintenance of a true cylindrical 
liner the piston can be made exceptionally long, thus 


reducing the unit side pressure due to the connecting 
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rod thrust to a figure which insures minimum wear. The 
nicety with which this very important requirement can 
be met on vertical engines is another reason for their 
unsurpassed success; it is today not at all unusual to 
find such engines in which the pistons, after five and 
more years of hard service, are still fitting their eylin- 
ders perfectly. Fig. 23 shows one of these engines of 
150 h.p. on the testing floor. 

After all these foregoing considerations have been 
duly taken into account, it is proper to state that an- 
other most important requirement is an equipment in 
the machine-shop that will enable the observation of 
painstaking accuracy and fits which on many parts 
must not vary more than a few ten-thousandths of an 
inch. In the early history of its commercial develop- 
ment it occurred several times that leading concerns 
could not ‘* make a go ’’ of the Diesel engine, although 
they had used designs which had proven their success 
where first brought into existence, and as a conse- 
quence the manufacture was repeatedly dropped as un- 


profitable only to be taken up again later on. In the 


View or a 150 H. P. Furitron-Tost Om ENGINE 
ON THE TESTING FLOOR 


lic. 23 


meantime it had been proven that it was mostly lack 
of appreciation of the accuracy of workmanship re- 
quired that had caused these early negative results. 
Both the tools and the measuring facilities were gen- 
erally inadequate, especially the latter, the limit sys- 
tem of measurements being at that time very little 
understood ; accurate work and proper fits depended 
in a great many shops entirely on the experience of 
the machinist who usually had to make all those parts 
that went together. Fortunately the advantages of 
interchangeability in the manufacture of machinery 
have been early recognized here and at least the leading 
American shops should today be able to approach the 
manufacture of Diesel engines with a clear understand- 
ing of the essential methods to be followed. 
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It is hardly necessary to emphasize the fact that a 
considerable amount of preparatory work, both in the 
form of effort and capital, is involved before the manu- 
facture of Diesel engines can be carried out on a com- 
mercial basis, which alone will make it possible to real- 
ize any returns from the enterprise. The immediate 
question then is will the commercial possibilities war- 
rant such an investment, and to answer this, we must 
first compare the Diesel engine with the other existing 
forms of prime movers. <A good idea as to their relative 
economies may be had from Fig. 26, which is based upon 
representative test results on engines ranging from 
about 150 b.h.p. to about 600 b.h.p. capacity. Non- 


condensing steam engines, for instance, show a heat 
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consumption per b.h.p. varying from 39,700 B.t.u. on 
the smaller sizes down to about 27,800 B.t.u. on larger 
units. These test results are, however, seldom if ever 
realized in actual practice, by far the large majority 
of steam plants, both condensing and non-condensing, 
as well as the producer plants, showing considerably 
higher consumptions under actual running condit‘ons. 
While this applies to a lesser degree even to gas en- 
gines, this influence is entirely eliminated in the Diesel 
engine, and it is a matter of common knowledge today 
that its superior economy is maintained practically un- 
impaired in continued operation. If to this is added 
the fact that these engines require considerably less 
labor than either a steam or producer plant, it becomes 
apparent at once, that for the same operating condi- 
tions, both the first cost of the Diesel plant itself and 
the cost of the fuel used therein may be considerably 
higher than the corresponding figures for a steam and 
even producer plant of the same size. Just how much 
these differences may be depends, of course, on local 
conditions, such as cost of fuel, load factor, utilization. 
of exhaust heat, ete. 
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This much is certain, however, that with very few 
exclusive cases, the Diesel engine is the coming prime 
mover for the whole South and Southwest. This vast 
section of the United States enjoys the advantage of 
having tremendous oil fields in such close proximity 
that an abundance of liquid fuels are available at a 


cost which compares favorably with that of coal. 
Based upon prices prevailing today, the cost of 


1,000,000 B.t.u. bought in the form of liquid fuel 
‘anges from 15 to 20 cents, while in the case of coal 
the corresponding figures will vary from 15 to 23 cents. 
From a monetary standpoint the two fuels are, there- 
fore, approximately on a par, this proving that undet 
present conditions the cost of one is regulated by that 
of the other. 

In this connection it is interesting to note that in 
Germany, where during the last six vears Diesel en- 
gines to an aggregate horse-power of over 500,000 have 
been built and installed, the eost of 1,000,000 B.t.u. 
bought in the form of gas or fuel oil ranges from 59 
to 89 cents, as compared to from 12 to 26 cents in the 
form of coal. While the smaller Diesel engines can 
today still be operated economically under such ad- 
verse conditions, a cheaper fuel in the form of tar oil 
is resorted to in the case of larger installations, which 
makes it possible to obtain 1,000,000 B.t.u. at a cost of 
from 27 to 40 cents, which is still considerably higher 
than coal. Nevertheless, the Diesel engine, by virtue 
of its superior economy, easily meets the competition 
of the steam power plants, except in very large units, 
or such eases, of course, where the exhaust steam can 
be profitably utilized for heating purposes. This is 
all the more significant in view of the fact that even 
comparatively small German steam plants are equipped 
with superheaters and operated under high pressures, 
which materially reduces the coal consumption as com- 
pared to the average American steam plant of the same 
capacity. 

This comparison furthermore brings out the fact 
that conditions for the operation of Diesel engines are 


THE DIESEL 


ENGINE, H. R. SETZ 

far less favorable in Germany, where this type of 
prime mover is today holding almost uncontested sway, 
than in even less advantageous sections of the United 
States than the South and Southwest. 
of oil-fired steam plants in this latter part of the coun- 


The hundreds 
try are bound to rapidly disappear. Present econom- 
ical conditions imperatively demand conservation of 
national wealth, be that 
sources or 


in the form of natural re- 
human efforts. That the Diesel engine 
means a tremendous factor in this problem of econom- 
ics could not be better expressed than by the fact that 
it enables the production of a barrel of flour at from 
Il, to 14, cents for fuel oil, compared to S and 10 
cents, and even more, for steam; or the pumping of 
water at from 7 to 9 gal. of fuel oil per 100 water horse 
Similar 


remarkable results are obtainable in the operation of 


power against 50 to 60 gal. for steam plants. 


ice and electric power plants. 

Provided due consideration is given by the manufact- 
urers and engineers to the particular problems in- 
volved in the construction of this prime mover, and the 
matter is earnestly studied along such lines as laid down 
in the foregoing, American engineers will soon learn to 
discriminate between reliable and questionable features 
of design and construction. Moreover, they will begin 
to realize that price is not the first consideration in the 
purchase of oil engines; the lower cost of an engine 
which is inferior in regard to details of construction 
can never compensate for the resulting shut-downs and 
repairs. This is a point of far more than individual 
importance, since the failure of one installation due to 
cheap and unsuitable design will seldom be traced to 
its source. Much more frequently the opposite oe- 
curs and the whole class of similar prime movers is 
condemned. It would be deplorable if many such cases 
should have to be recorded after the Diesel engine has 
made such remarkable progress in other countries, 
since the public at large would thereby be deprived of 
one of the most remarkable products of modern tech- 
nical development. 
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CLASSIFICATION AND HEATING VALUE OF AMERICAN COALS 


BY WILLIAM KENT, NEW YORK CITY 


Member of 


Lik recent publication by the United States Bureau 

of Mines in Bulletin No. 22 of over 3000 analyses 

and results of calorimetric examinations of American 

coals offers the best opportunity that has ever been had 

for a study of the long-mooted questions of the classifi- 

cations of coals and of the relation of their chemical 
composition to their heating value. 

The writer has made an attempt at such a study 
and gives the principal results of it herewith. although 
they are by no means complete. 
the limited time at his disposal to take all the analyses 
of heating values and compare them, but instead he 


It was not possible in 


ao 


the Society 


fixed carbon was omitted in order to save space. Re- 
ferred to combustible it is 100 per cent minus the vola- 
tile matter of the combustible, and referred to coal as 
received it is 100 per cent minus the sum of moisture 
ash and volatile matter. 

The actual analyses, both proximate and ultimate, 
were made on air-dried coal, the surface moisture hav- 
ing been first removed. The results as given in the 
bulletin are calculated to three different bases: (1) as 
received, (2) dry coal, (3) ash and moisture free (com- 
monly called combustible); and in many cases to a 
fourth basis, ash, moisture and sulphur-free. For the 
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has made a selection of 155 analyses of coals from dif- 
ferent states, showing practically the extreme range of 
composition of heating value of the coals of each of 
these states, whenever a sufficient number of coals of 
such states are given in the bulletin. The most impor- 
tant items of the ultimate and proximate analyses were 
tabulated, viz., the S, H, C, O, and N of the ultimate 
analysis as referred to the combustible (coal free of 
moisture and ash), also the volatile matter, the mois- 
ture and the ash of the proximate analysis, the moisture 
and ash being referred to the coal as received, and the 
volatile matter being referred to the combustible.’ The 


‘See Table 1. 


Presented at the Spring Meeting, at St. Paul-Minneapolis, 1914, 
of Tue American Socrety oF MECHANICAL ENGINEERS. 


purpose of comparison, however, other information was 
desired, such as the B.t.u. per lb. of coal air-dry, ash- 
free, and air-dry, ash and sulphur-free, not contained 
in the bulletin. The writer has caleulated and tabu- 
lated these omitted items, but it should be stated that 
the figures which he obtained relating to B.t.u. caleu- 
lated to the sulphur-free basis, are probably too high 
in many cases of high sulphur coals, as will be shown 
later. 
Having thus tabulated the results, the questions to 
be solved are (1) how shall the coals be classified; (2) 
what relation does the heating value of the coals bear 
toe the chemical composition. 
The earliest published classification of American 
coals is that of Persifor Frazer, Jr., in 1874 (Trans. 
435 
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CLASSIFICATION OF AMERICAN COALS, WM. 


TABLE 1 CLASSIFICATION OF COALS 


Volatile Matter 


B.t.u. per Lb. 
Per Cent of Combustible Dry Coal Free from ae Coal Air Dry 
Combustible Per Cent Ash Per Cent Ash Free 

I Anthracite... less than 10 lto 4 less than 1.8 14,800 to 15,400 14,600 to 15,400 
Il Semi-anthracite.. . . ; 10 to 15 lto 5 less than 1.8 15,400 to 15,500 15,200 to 15,500 
Ill Semi-bituminous. : 15 to 30 lto 6 less than 1.8 15,400 to 16,050 15,300 to 16,000 
OY Gc ckcice verve a 45 to 60 5to 8 less than 1.8 15,700 to 16,200 15,500 to 16,050 
V_ Bituminous, bigh grade...... 30 to 45 5 to 14 lto 4 14,800 to 15,600 14,350 to 15,500 
VI Bituminous, medium grade 32 to 50 6 to 14 25t0 6.5 13,800 to 15,100 13,400 to 14,400 
VII_ Bituminous, low grade....... 32 to 50 7tl4 5 to 12 12,400 to 14,600 11,300 to 13,400 
VIII Sub-bituminous and lignite....... 27 to 60 10 to 33 7 to 26 9,600 to 13,250 7,400 to 11,650 


* Eastern cannel. The Utah cannel is much lower in heating value. 


A.L.M.E.). He divided the coals into anthracite, semi- 
anthracite, semi-bituminous and bituminous, and he 
used what he called the ** fuel-ratio ’’ or the ratio of 
fixed carbon to the volatile matter in the combustible, 
as the basis of subdivision between the several classes. 
The names he used are still retained, although the fig- 
ures of fuel-ratio which he gave are no longer accepied 
as marking the divisions into classes, but the bitumi- 
nous coals have been divided into two or more classes, 
as bituminous and lignite, and the lignites have been 
recently subdivided by the U.S. Geological Survey and 
the Bureau of Mines into sub-bituminous and lignite. 
Frazer's method of using the ratio of one constituent 
to another, or of one to the sum of two others, has been 
followed by several writers, such as David White,’ 


who uses the ratio 0 in which C, O and A are re- 


spectively the carbon, oxygen and ash in the dry coal. 
The expression of the relation of two elements as a 
ratio is not as convenient for the purpose in view as the 
expression of the same relation as a percentage, or the 
ratio of one of the two elements to the sum of the two. 
Thus by Frazer’s method two coals having fuel ratios 
97 _ 32.3 and © = 11.5 are 
3 8 

both anthracites, the first having 3 per cent and the 


differing as widely as 


second 8 per cent of volatile matter in the combustible, 
while two other coals, also differing 5 per cent, viz., 
one with 48 and the other 53 per cent of volatile 
matter in the combustible, have fuel ratios that differ 


= 1.08 and = = 0.90. Mr. White plots 


52 

48 
the B.t.u. per lb. dry coal as ordinates and the ratio 

O+A 
a nearly vertical direction, where with coal very high 
in oxygen and ash the ratio is less than 1, and ends in 
a direction that is nearly horizontal, becoming actually 


but little, or 


as abscissae, and obtains a curve that begins in 


horizontal when = 0 and the ratio becomes in- 


O+A 
finity, while if he had plotted the B.t.u. against the 


2U. S. Geol. Survey, Bulletin 382, 1909. The Effect of Oxygen 
in Coal. David White. 


Oxygen in 
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Moisture in Air 


ratio CLOLA’ which may be expressed as a percent- 
age, the curve would have become an inclined straight 
line. 

In 1892 the writer published in Mineral Industry 
the results of a study of Mahler’s researches on Euro- 
pean coals, in which by means of plotting the B.t.u. 
against the percentage of fixed carbon in the combusti- 
ble and drawing a curve through the plotted points, 
he showed that the B.t.u. per pound of combustible of 
the coal tested by Mahler was related to the percentage 
of volatile matter in the combustible. Messrs. Lord 
and Haas published later the results of their tests of 
Pennsylvania, Virginia, and Ohio coals and stated that 
they had found no such relation, but on the contrary 
that the combustible portion of coals of certain dis- 
tricts had remarkably uniform heating values, which 
were independent of the percentage of volatile matter. 
In a discussion of Lord and Haas’s paper* the writer 
plotted their results and compared them with the curve 
derived from Mahler’s tests, and showed that the Poea- 
hontas coals fell on the Mahler curve, and that the 
tests of Pennsylvania and Ohio coals having about 45 
per cent of volatile matter fell within the Mahler field, 
showing a variation of 3 or 4 per cent as maximum 
from the curve, but that as Lord and Haas said, each 
coal district had a law of its own, and that two Ohio 
coals from different districts in the same state each 
with the same percentage of volatile matter in the com- 
bustible might vary 6 or 8 per cent in heating value 
per pound of combustible. 

In studying the 155 coals, the writer first plotted the 
8.t.u. per lb. combustible with the results which are 
shown graphically in Fig. 1. This plotting shows that 
all the coals of the Appalachian field come close to the 
original curve drawn from Mahler’s tests of European 
coals, when the volatile matter in the combustible is 35 
per cent or less. For coals higher in volatile matter, 
and for Western coals generally, the heating value 
varies Over a wide range and appears to have no rela- 
tion to the volatile matter, but each district has a law 


* Trans. A. I. M. E., Vol. 27, p. 946. 
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of its own. The Illinois-coals are all found within the 
small area shown by dotted lines. Perhaps the most 
important conclusion from Fig. 1 is that all the semi- 
bituminous coals of the Eastern States, and those from 
the Western States and Alaska, with a very few excep- 
tions, have a heating value per pound of combustible 
that is very close to 15,750 B.t.u. With bituminous 
coals and lignite containing over 36 per cent of volatile 
matter in the combustible there appears to be no law 


TABLE 2 CLASSIFIED LIST OF COALS 


connecting the heating value with the percentage of 
volatile matter, and the plotting is not continued be- 
yond 44 per cent. 


As many of the coals high in volatile matter are also 


sulphur by 


Air-dry Ash-free 


++ 


1++14 
e+ + 


+++411 
+i 


Air-dry 
Combustible 
Order in Ash-fres 
Table 1 

Vol. Ss ©. B.t.u. Moist B.t.u 
I. Anthracite 
Alaska.... 4 8 8 0.7 4.04 15,203 1 55 14,968 
Colo. . ~ we 3.6 0.87 1.32 15,413 1.08 15,247 
ee 7 1.3 1.00 2.13 14,882 1.43 14,666 
Pa ; ee 3.7 0.68 2.41 15,248 83 15,123 
Wash... 85 0.72 2.67 15,410 80 15,367 
Il. Semi-Anthracite 
Ark 1 14.8 2.33 2.57 15,496 45 15,272 
Pa sae 10.0 0.74 2.17 15,457 91 15,398 
Va 13.1 0.82 4.18 15,500 90 15,439 
Ill. Semi-Bituminous 
28.8 0.59 4.45 15,757 1.15 15,577 
2 27.9 1.58 3.42 15,620 15,475 
3 15.5 1.29 3.02 15,651 0.60 15,559 
2 16.7 3.16 1.69 15,624 0.86 15.525 
Ark 5 17.0 3.57 1.25 15,530 0.92 15,387 
6 20.7 1.47 4.27 15,602 1.34 15,393 
SEA ee oe 7 23.8 0.58 4.34 15,849 0.83 15,716 
25.8 0.72 2.29 15,939 1.43 15,712 
ee 1 19.4 1.55 5.96 15,653 0.74 15,540 
Md 1 165 | 1.13 2.81 15,710 0.90 15,577 
Ee { 16.0 1.02 2.54 1.10 15,478 
3 19.7 0.94 3.01 0.80 15,699 
re 4 17.5 0.98 2.47 0.66 15,746 
Mont. 9 18.3 0.96 2.93 0.61 15,625 
Okla — 2 21.7 1.15 2.87 0.53 15,504 
Re eee 3 15.7 1.36 1.87 0.70 15,619 
Pa 2 19.0 1.87 3.32 0.99 15,680 
Pa. 3 24.8 1.81 5.50 0.40 15,316 
4 25.0 1.50 3.72 0.86 15,523 
Pa ~ 19.5 1.73 1.99 1.50 15,624 
wid 17.3 1.63 2.82 15,847 65 15,744 
| 19.0 0.68 3.42 | 15,840 54 15,750 
17.5 0.65 2.23 | 15,910 64 15,795 
_ 16.3 0.48 3.97 15,264 67 15,013 
25.3 0.86 4.13 15.399 18 15,218 
23.3 0.61 1.68 15,736 90 15,597 
W. Va 4 21.8 1.27 5.52 | 15,781 81 15,655 
7 19.9 0.60 2.80 16,038 .69 15,998 
ee Pe . 8. 16.5 0.7 4.56 | 15,820 65 15,804 
W. Va Nice ceees 18.1 0. 1.97 | 15,919 73 15,802 
IV. Cannel 
55.5 1.38 7 15,800 0.92 15,646 
3 57.0 1.15 7.61 | 16,013 1.44 15,784 
errs oe 1 47.4 0.92 5.34 16,176 0.84 16,042 
ae 6 67 .6 2.32 13.68 14,918 8.26 13,686 


high in sulphur, it was attempted to find if high sul- 
phur was the cause of some of the variation of the heat- 
ing value, but the results are negative. When the heat- 
ing value per pound of combustible is converted for 
subtracting 4050 


B.t.u. Greater (+) or Less (—) than Estimated by 


Dry Coal 


3586 
457 


H in combustible; Ky. 2, 7.13; Ky. 3, 7.46; W. Va. 1, 7.13; Utah, 6, 7.73. The highest H. in the other coals is 5.78, Mo. 6. 


4 
Dulong Mahler F.C. Moisture 
Formula Curve Curve Formula +0+A 
ee "3 - 50 — 76 — 263 + 87 — 172 
164 + 373 + 305 183 756 
feos eae + 127 + 172 — 243 : —1102 
75 + 208 + 193 — 693 
6 + 20 + 93 — 385 — 453 
21 — 176 - 61 
— 193 — 23 + 15 — 274 - 
46 — 160 95 — 233 58 
Sa, — 65 + 137 —- 15 165 + 99 
ak tee: + 13 — 109 + 9 — 208 ~ 236 
— 176 — 386 61 21 — 3386 
Piers 2 + 1 — 270 — 213 216 — 531 
Se + 225 — 238 — 288 249 + 23 
iby a oe + 195 + 49 + 20 55 + 212 
eae — 295 + 199 + 80 443 — 22 
+ 487 297 — 110 87 + 345 
- 81 | - - 6 360-147 
pals : — 189 — 140 — 102 72 — 284 
— 65 - 163 - 
61 + 30 28 — 100 
+ 49 — 99 170 149 
2 — 244 339 — 260 
— 287 — 652 56 — 287 
+ 8 + 10 300 
erate + 110 — 394 557 — 28 
— 203 — 110 20 81 
411 — 157 643 — 308 
+ 149 + 47 65 
95 — 307 217 — 454 
— 236 6 — 179 
— 209 14 — 251 
Stale. — 370 314 — 306 
— 674 55 — 348 
ne + 178 166 + 95 
+ 255 68 + 168 
Ree — 145 100 + 149 
— 153 +3046 + 198 + 771 
47 en — 284 | ...... +2212 + 433 + 674 
+ 172 +4974 + 618 +1683 


Order in 
Table 1 


V. Biturninous, High-Grade 


Ohio 
Ohio 
Okla 
Okla 
Pa 
Pa 
Tenn. 


& 


Oe 


bo te 


VI. Bituminous, Medium 


Mont... 
N. Mex. 
Ohio 
Ohio 
Okla 
Utah. 
Utah.. 
Wash.. 


Grade 


CLASSIFICATION 


TABLE 2 


Combustible 


1.13 6.99 
1.07 7 00 
0.72 9 38 
0.56 8 77 
2 82 9 74 
6 68 
4 93 7.27 
0 58 & 05 
0 74 8 79 
0 96 6 93 
4 58 8 10 
3 97 7 04 
3.66 9 01 
7.36 3 7) 
2 06 7.35 
1.38 6 94 
1 00 7 35 
117 7 94 
0 95 6 70 
§ 73 5 14 
1.32 
O85 12 18 
0.97 5 65 
5 23 13.03 
3 86 7 06 
0.72 10 10 
0 73 5.14 
0 99 11 40 
1 37 10 45 
1.83 14 11 
4.80 11.47 
1 36 12.02 
1.14 8 46 
3.10 9.03 
2.88 9 50 
6.60 9.96 
8.53 96 
6 64 8 03 
9 94 5 64 
5.22 5.98 
4 29 &§ 90 
5 64 7 46 
1.53 9 54 
111 10 51 
5 16 9 53 
4 96 11.83 
6 33 7.73 
9 45 6 2S 
6 21 6.12 
4 86 9 
60 9.77 
0 6S 12.70 
0 63 11.58 
5 74 O44 
2 31 9 26 
0 60 13. 30 
0 62 10 93 
0 57 12.38 
0 9 25 
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B.t.u 


15,590 

5,214 
14,681 
15,559 
14,818 
15,167 
14.8090 
15,328 
14.875 
15,221 
14,588 
14,965 
14,832 
15,025 
15,061 
15,345 
15.511 
14,9060 
15,320 
15,125 
15,156 
14,918 
15,291 
14,796 
15,291 
15,107 
15,448 
14.545 


14,467 
13,838 
14,336 
14,492 
14,621 
14,724 
14,492 
14,305 
14,206 
14,555 
14,724 
14,922 
14,657 
14,836 
14,999 
14,603 
14,351 
13,892 
14,679 
14,476 
15,134 
14,134 


Air-dry 
Ash-free 
Moist B.t.u 
1.23 15,400 
1.77 14.947 
1.01 14,533 
0 87 15,423 
2 34 14,470 
2.86 14,734 
2 49 14,436 
1 64 15,095 
1 64 14,630 
0.80 15,099 
1.75 14,626 
2 38 14.642 
3.83 14,431 
38 14,814 
57 14,825 


weet = to 


15,127 
15.346 
14,665 
15,137 
14,921 
14.887 
14,381 
15,069 
14.569 
15,048 
14,787 
15,237 


14,552 


14,078 
13,454 
13,593 
13,745 
13,742 
14,177 
13,698 
13,576 
13,445 
13,647 
14,121 
14,269 
13,702 
14,304 
13,818 
13,786 
13,682 
13,416 
14,136 
13,921 
14,276 
13,791 
14,342 
14,093 
14,152 
13,523 
14,075 
13,536 
14,399 
13,879 
14,391 
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Air-dry 


or Less 


S5S 
661 


+1023 


589 
1016 
678 
76 
515 
701 
Sl 
333 
143 
174 
SSD) 
208 


624 


1026 
31 
1241 
779 
42S 
143 
651 
128 
287 
219 
674 
553 


343 


—) than 


Ash 


Estimated by 


free 


Moisture 


Formula 


+ 


105 
19 
15 

540 
967 


600 


Dry Coal 
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: 
Curve ME C4+0+4 
Ala an 33.4 + 564 + 170 + 120 + 361 
Als 35.3 - 76 263 + 87 172 
Colo 31.3 4 - 849 — 967 — 447 — 46 
Colo 4 33.7 + 489 + 189 + 54 — 186 + 633 sha Se 
iil ; 6 410 0 + 434 + 58 — 30 + 268 + 224 + tS 
Kan 39.8 69 + 22 24 + 908 
Kan 39 5 + 28 2 234 + 395 + 6 
Ky 25 3 + 255 + 38 131 + 313 
N. Mex. 415 145 + 375 + 40 + 138 ‘ea 
N. Mex. kanes 34.4 - 258 — 139 228 + 148 yea 
Ohio... 455 + 186 + 586 + 264 + 65 ee 
a 429 — 12 + 725 + 280 + 330 - 46 ae He 
42.8 + 480 + 572 + 83 + 463 + 131 - are 
35.5 — 299 185 - 412 + 450 182 
40 8 + 43 + 461 + 151 - 7 + 43 Shige 
aks 38 3 + 132 + 445 + 165 + 32 + 165 es 
, 32 4 + 509 + 31 98 76 + 411 oar 
38 4 — 183 + 60 248 35 + 43 Fan 
Tenn. 33.8 290 -~ 40 211 ~ 286 + 168 <a 
Tenn. 39 8 + 365 103 3210 - £2 
Va. 38 3 + 142 + 136 59 77 + 155 a 
Va. 40 2 + 842 + 158 233 SS + 619 ‘ao 
Va. 35 3 344 + 21 - 157 26 38 , i= 
Wash. . 44 0 9 + 305 284 778 
W. Va. 44.3 + 167 + £28 + 478 + 220 
W. Va. 40.0 + 555 + 347 + 41 + 471 <n? 
W. Va. 36 4 + 217 + 238 + + + 199 
Wyo 39 3 a + 539 - §2 — 282 148 + 417 eee 
Ala Pee 37.7 2.69 + 187 - 553 - a — 430 + 26 Fatt 
Alaska... 1 44.2 2.55 673 — 923 + 217 
Cal 53 8 5.19 13 + 51 + 127 
41 4 5.15 + 477 + 392 - 179 + 245 
ill 37.4 6 02 164 — 499 + 8 — 241 
39 3 3.71 + 160 — 176 + + 85 
40 9 5.48 — 58 — 108 -- - $9 
BB 40 6 6.24 + 194 305 — 128 
Kan. 44-2 4 09 12 + 224 
Kan. 39.8 4 30 163 + 49 + — 151 
Ky. as 44.0 6 52 + 137 — 570 + 37 Rte 
Ky... 43.5 2.98 + 592 + 736 + 447 - 41 
38.8 4.70 234 — 401 - — 203 - 7 
Mich 37.1 5 59 + 118 — 517 - §2 ~ 156 
Mo... 4.65 - 2 + 55 - $9 
Mo. 14 6 3.42 + 165 — 551 202 
Mo 50.8 3.69 = a + + 433 — 46 = 
Mo... 45.3 2.83 158 618 — 229 
Mo... 6 2 | 5 68 66 + O41 » 
Mont... 34.3 2.42 10 —1226 + 414 207 
39 6 14,651 2.30 — 188 — 79 343 555 
43 14,539 3.06 + 450 + 404 
37.8 14,269 4.69 ~ 751 — 527 111 
47.7 14,332 3.30 397 97 
417 14,711 4.31 + 25 ~ 1000 + 60 42 
45 6 14,245 4.98 + 287 — 509 201 
47.2 14,764 2.47 + 190 + — 244 + 269 pe’ 
118 14,348 3.26 + 142 5&2 — 680 + 257 = 
39 6 14,793 2.73 + 100 + 32 — 164 0 
, 
- 
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Air-dry B.t.u. Greater (+) or Less (—) than Estimated by 
Order in Ash-free Combustible Air-dry Ash-free Dry Coal 
| | 
Vol. s. oO. B.t.u Moist | B.t.u Dulong Mahler Moisture 
| | Formula Curve Curve Formula C+O0O+A 
VII. Bituminous, Low Grade 
| | 
Alaska. 2 408 | 094 | 18.83 | 12,964 | 5.42 | 12,261 — 309 — 40 — 147 23 — 176 
_ Se eee 1 46.0 | 6.33 | 10.53 | 14,263 | 6.75 | 13300 | +270 | ...... —- 25 — 299 7 
A ee Sree 4 40.8 5.55 12.02 } 13,921 | 6.02 | 13,084 + 263 — 679 —1264 — 195 - 3 
Se eee eas 5 46.2 6.02 10.09 14,155 10.59 12,657 + 60 P — 708 + 532 — 114 
SR leecee 2 42.2 1.78 | 10.55 | 14,746 | 9.60 13,329 + 347 + 316 — 516 — 477 - 234 
EE ne”, Omer 4 44.8 6.73 | 9.69 14,089 6.17 13,220 — 16 550 + 120 — 130 
_ Pr ee eee 1 47.5 5.69 9.73 14,305 11.33 12,684 — 114 — 306 680 — 94 
2 47.3 4.85 10.68 14,202 7.37 13,156 5 164 + 149 — 49 
Mont 1 33.3 12.99 6.82 13,693 2.37 13,368 — 164 —1708 + 231 + 75 — 140 
Mont “| 2 44.4 1.72 20.44 13,338 8.75 12,170* +1203 ...... 820 — 866 - 565 
Mont 3 43.7 2.00 15.87 13,162 6 34 12,324* + 13 er 724 — 1266 — 600 
SEER, eee 4 37.5 0.86 16.21 13,865 7.58 12,813 + 456 —1155 588 — 356 486 
es ee 6 2.6 2.88 16.14 12,438 8.09 11,432 — 45 —3042 —1318 —1674 —2583 
PMN és spfsccwAlinws 4 42.8 0.7 14.00 13,939 11.70 12,300* +120 | — 28 997 — 107 + 25 
46.8 2.38 15.69 13,322 7.87 12,008* + 94 +1046 699 - 122 
Ss We 1 45.9 5.93 10.62 13,667 7.74 12,609 — 133 oe — 856 233 - 197 
3 48.1 14,618 11.88 12,882 + 421 —3107 27 605 
Se 3 38.4 0.56 18 13 13,118 5 60 12,384 + 723 —1782 109 —1522 - §89 
| ee eae Ss 45.4 7.27 10.05 13,586 9.65 12,276 — 189 +1114 35 — 676 
44.0 7.10 14.18 13,081 11.47 11,374 +- 287 — 108 — 443 
ee! Pee ae 47.5 | 0.44 17.11 | 13,423 6.56 12,548 + 255 +1411 —1134 + 111 
* Montana 2 and 3 and New Mexico 4 and 5 are classed as sub-bituminous in Bulletin 22 of the Bureau of Mines. 
VIII. Sub-Bituminous and Lignite 
| | | 
3 52.1 | 0.96 21.17 12,497 22.00 9,750 + 75 —1190 —1960 L 
53.5 | 4.62 | 16.79 12,890 10.95 11,478 — 732 754 —1887 8 
1 41.4 0.44 16.97 11,619 8.21 10,664 ~1397 —1981 —1061 —2110 —1657 S 
45.5 0.51 16.52 | 13,239 15.35 | 10,094 — 668 —1378 
3 41.1 0.39 18.00 | 12,746 8.68 | 11,638 — 33 —1854 87 — 1563 — 4768 
7 69.0 1.86 23.47 11,900 15.55 10,143 +1774 — 1365 — 2218 
10 54.1 | 0.67 26.64 10,211 25.02 7,656 + 162 — 1656 — 3806 —2805 S 
1 49.8 11,398 13.93 — 599 —2044 
RE pe Cae Be 56.7 | 2.04 17.69 12,557 26.20 8,886 + 297 + 61 + 658 — 528 L 
45.9 0.86 22.67 12,101 | 11.66 10,885 + 544 — 202 —1517 —- 21L 
1 44.0 1.15 19.68 12,769 10.16 + 183 —1579 - 438 
2 47.0 | 5.62 | ...... 11,493 7 05 10684 | ..... | | —2673 
1 59.5 | 1.46 | 18.99 13,043 15.73 | 11,077 +1729 —1801 + 130 L 
2 70.9 1.00 10,811 23.58 +2002 —1003 
3 45.3 | 1.61 18.66 12,890 11.02 11,578 + 452 + 382 —1908 L 
4 49.6 0.90 | 20.54 12,452 11.82 11,036 + 428 — 2366 — 251 L 
7 | 46.6 4.88 | 22.14 11,264 15.35 9,535 —1115 — 1670 — 730B 
4 | 54.6 0.53 22.06 12,226 17.21 10,122 + 422 + — 1838 
1 27.8 | 1.09 | 10.94 | 12,956 9.56 11,573 177 — 2704 — 1489 127 —1002 S 
44.3 | 0.36 | 24.35 11,722 9.75 10,581 — 706 —1353 4278 
ee meee 3....| 39.3 | 0.17 |} 21.95 12,683 | 12.54 11,093 | + 847 —2217 — 544 —1177 + 308 
59.9 | 1.18 23.41 11,194 24.09 8,496 + 996 — 918 4488 
47.5 | 4.04 | 17.06 12,447 18.84 10,103 + — 222 — 317 — 6228 
43.5 0.72 25.54 11,030 | 7.55 10,198 —1327 —3235 — 906B 
7 50.6 | 2.17 29.86 | 9,630 22.69 7,458 | —2317 — 2263 —2383 S 
| -| 49.4 | 0.77 33.14 10,141 14.85 8,666 —1751 — 3068 — 4865 
' 
Not Classified 
= Serre ee ee 1 | 6.6 | 0.05 5.59 13,120 | 1.26 | 12,955 — 749 —2170 | —2173 — 2037 —1410 
6.3 0.09 | 3.27 14,002 0.52 | 13,930 — 207 —1208 —1138 —1237 — 1536 
Alaska. “jes 5 21.7 | 10.76 5.28 | 13,945 | 4.77 | 13,279 — 287 —1885 —1046 + 297 — 313 
4 21.0 1.43 6.44 | 14,945 | — 895 - 13 + 7 41 
1 | 50.9 | 4.77 | 16,457 16.42 | _ | +1607 $9072 
L, Lignite; 8S, Sub-bituminous; B, Bituminous; Classification of the U. S. Bureau of Mines. 
Wyoming 6, Sample taken 10 ft. from entrance, coal very much weathered; Wyoming 7, Surface exposure; Wyoming 10, Shallow prospect pit, coal badly 
weathered. 


The Rhode Island coals are graphited and are not used as fuel. 
matter, but they are higher in oxygen and in moisture, and lower in heating value than other semi-bituminous coals. 


very high in moisture, but the ultimate analysis is lacking. 


Alaska 5 and Arkansas 4 may be classed as semi-bituminous by their percentage of volatile 
The Idaho coal is apparently a cannel coal 
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.t.u. per lb. 8, and dividing by 1 minus (% S+100), 
the value thus found is often far higher than the heat- 
ing value per pound of combustible of coals of the same 
districts that are low in sulphur. In Fig. 2 the results 
thus obtained are plotted, the high value referred to 
being shown at the upper right hand of the diagram, 
marked ** high sulphur coals, heating values fictitious.”’ 
Lower values for these coals might be found if they 
were converted by the ‘* unit coal ’’ method of Parr 
and Wheeler ( Bulletin 37, 1909, of the Illinois Univer- 
sity Engineering Experiment Station) viz. 


per pound 
Indicated dry B.t.u. — 5000S 


1.00 — (1.08 ash +- 0.55S) 
The next attempt at relating the heating value of 
these coals to their chemical composition was by the 
method of David White, modified by converting his 


unit coal 


ratio —~ into percentag straight 

‘allo — vercentage #4 SUPA 
C+O+A 

line whose formula is B.t.u. 16500 GCLOLA’ MY 


be drawn through the plotted points, but the varia- 
tions of many of the points from the line indicate that 
the method is of little if any practical value (see Fig. 

Fig. 4 shows the result of plotting the B.t.u. per Ib. 
of air-dry coal free from ash to the fixed carbon. By 
this method the coals are apparently divided into two 
principal classes: (a) high-grade coals including as 
subdivisions, anthracite, semi-anthracite, and the Ap- 
palachian and other good bituminous coals; and (b) 
low-grade Western coals and lignites. The variations 
from the average lines drawn through the plotted posi- 
tions are in many cases so great that this method can- 
not be considered as of any value. 

Fig. 5 shows the result of plotting the heating value 
per pound of air-dry coal and ash and sulphur free, 
against the percentage of moisture in such coal, for 
those cases in which the moisture does not exceed 11 per 
cent. The results indicate that this method may prove 
to be of considerable importance when it is applied 
separately to the coals of different states or districts, 
especially the bituminous coals of the Middle West. 
The high position of the Kansas coals and of one of 
the Missouri coals may be due to the error of the com- 
mon method of correcting for sulphur. 

After studying the coals by the method of plotting as 
described, Table 2 was constructed, in which a reviséd 
classification is attempted. The last five columns show 
the differences in B.t.u. per lb. between the B.t.u. per 
Ib. given and those that result from calculation by 
Dulong’s formula, by the Mahler curve, or by the aver- 
age lines of Figs. 3, 4 and 5. The extent of these dif- 
ferences suggests that in some eases the calorimetric 
determinations, or the analyses, or both, may be in 
error and indicates the necessity for thoroughly check- 
ing the loss in air-drying, the moisture determinations 
of the air-dried coal, the analyses, proximate and ulti- 
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WM. KENT 


mate, and the calorimetric work. The revised classifica- 
tion is given in Table 1. 
DISCUSSION 


P. F. Waker. 


considerable light on the coal question, but am inelined to 


1 believe that Mr, Kent’s paper throws 


believe that the results are of more value negatively than 
positively, so lar as the estimation of heating values from 
proximate analysis is concerned. 

Very shortly after coming into the Western country, nine 
years ago, and beginning to use the lower grades of bitumin- 
ous coal in Kansas and western Missouri, | found that the 
heat values per pound of combustible, as published by Mr. 
Kent and based on his study of Mahler's researches, did not 
apply. Not only did the coal in general fail to mateh up 
with Eastern coal, but marked differences within a compara- 
tively limited area occurred. This was not so surprising 
when one considers that some of the coal measures now being 
worked in Kansas are situated, stratigraphically, 2000 ft. 
above others. 

Many of us would like to see some method established by 
which heat values could be estimated with a fair degree of 
accuracy from the proximate analysis, thus avoiding the 
more exact and laborious methods of the ultimate analysis 
and the calorimetric test alike. It is not so important to 
know the exact position of a given coal in a classification 
established on chemical properties as to know its value in 
heat. Is there, then, any method by which the quick and 
reliable estimate may be made? And more specifically, does 
the study of government analyses here presented to us, go 
tar in this direction ? 

Emphasis is laid in this paper on air dried coal, with 
especial reference to its moisture content and fixed carbon 
content. The entire question of moisture content of coal is 
« complex one. In the work of analysis by the United States 
Bureau of Mines, air drying of samples was carried out as a 
laboratory convenience. The sole purpose was to bring the 
coal to the condition of the surrounding atmosphere to pre- 
vent change of weight during handling and weighing. In 
the process, air was warmed and drawn through the dryer 
The 


heating lowered the humidity percentage, but in all cases, the 


at from 10 to 15 deg. fahr. above room temperature. 


absolute degree of humidity was dependent upon the tem- 
porary conditions of the atmosphere. In the same labora- 
tory, therefore, there might be marked differences in the ex- 
tent of drying the coal at different seasons of the year as the 
humidity is changed far more in heating the air during the 
cold Also, more marked differences might 
oecur among laboratories located in various parts of the 


winter months. 


country. 

It will be observed that one set of values in Mr. Kent's 
table is based on moisture remaining in the coal after air 
drying, and the chart indicating relation of heating value 
to moisture in air dry coal, shows that the quantities involved 
are of small magnitude. Differences due to varying atmos- 
pherie conditions or varying laboratory methods, or both, 
are thus thrown on a relatively small quantity, and the re- 
sult is apparent. The variation in fixed carbon values be- 
cause of such laboratory inaccuracies as these would not be 
so pronounced, but the wide fluctuation of values on the 
Fixed Carbon basis, as shown in another chart, is due to 
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another well established cause. This cause is the same as 
that which makes the estimate by the earlier Mahler method 
inaccurate; namely, in the low grade bituminous coals, the 
volatile gases are made up of numerous hydro-carbon con- 
stituents, differing so widely in the amount of carbon which 
they carry from the fuel, that the solid or fixed carbon does 
not represent the real condition as to heat value in any such 
degree of regularity as is found in the case of the anthracite 
and other high grade coals. 

A very brief analysis of results given in the final tables 
of the paper will show the extent of these variations. For 
the high grade bituminous coals, in the moisture formula 
column, it is seen that the variations range from 447 to 
+-908. estimation of heat value, 
the error ranges from 3 per cent high to 6! per cent under. 


This means that in an 


For the medium grade bituminous coals, the range is from 
—923 to +9067, or from 64 per cent high to 7.3 per cent 

For both grades of coal, corresponding figures from 
the Fixed Carbon 


over. 
column show 


greater than these even. 


variations considerably 
A glance at the values in these 
two columns for the medium grade bituminous Is suflicient to 
show the. great magnitude of the variations between true 
values and these estimates. 

The information presented in these tables and charts is 
most valuable, but I am forced to the conclusion that the 
way out for a simple and direct method of estimating heat 
values is not yet in sight.. The direct calorimetric deter- 
mination is a process, the labor and time for which are soon 
equalled by the labor and time spent in multiplying the 
steps in the proximate analysis and its result is to be trusted 
in far greater measure than that from the other can ever 
expect to be, especially when dealing with the lower grades 
of fuel. In my opinion, the most fruitful field for study in 
this connection is the volatile matter with its ever changing 
character with respect to carbon and hydrogen content. 


A. G. Curistiz. I am inelined to agree with the opinion 
of Professor Walker that a proximate analysis is no re- 
liable indication of the heating value of coal. In this econ- 
nection | wish to refer to a bulletin recently published by 
the University of Wisconsin by Mr. O. C. Berry on the tar 
forming temperatures of American coals. The object of the 
investigation was originally in connection with gas producer 
work, but incidentally we found out a number of things 
about American coals that were embodied in that bulletin. 

From investigations of the low grade coals which you get 
in the West, the variations in the character of the volatile 
matter become very prominent. It seems as though the vola- 
tile matter contained variables such as Professor Walker has 
stated in the carbon-hydrogen content. And also there 
seemed to be indications that in coals of the lignite and semi- 
lignite series, there were combinations of what one might 
eall acetic and carbolic acid derivatives. Time was not avail- 
able to go into an investigation of these combinations, but 
there did seem to be considerable quantities coming off where 
tar was expected. The tar from the Western coals was com- 
paratively slight in amount and yet the volatile matter was 
extremely high. That would seem to indicate that there were 
combinations present which were not of high earbon-hydro- 
gen ratios. The heating values of these coals were low. We 
found that a better indicator than any proximate analysis 


WM. KENT 
was shown by the ultimate analysis considering only the 
ratio of the carbon and hydrogen. 


Tue AurHor. Referring to Mr. Christie’s statement that 
“a proximate analysis is no reliable indication of the heat- 
ing value of a coal,” it would be strictly true if he added to 
it the words “ when the volatile matter is more than 35 per 
cent of the combustible.” When thus moditied the statement 
would be in exact accordance with what is said in paragraph 
8 of my paper, viz.: “ The plotting shows that all the eoals 
of the Appalachian tield, cannel coals excepted, come close 
to the original curve drawn from Mahler's tests of European 
coals when the volatile matter in the combustible is 35 per 
cent or less. For coals higher in volatile matter and for 
Western coals generally, the heating value varies over a wide 
range and appears to have no relation to the volatile matter, 
but each distriet has a law of its own. 

Undoubtedly, as Mr. Christie says, the character of the 
volatile matter in the Western coals differs widely. The 
chiet difference is in the percentage of oxygen. For example, 
in seven Illinois coals the oxygen ranges from 22.3 to 29.0 
per cent of the volatile matter; in six Ohio coals it is from 
16.6 to 30.6 per cent; in four Oklahoma coals it is from 
10.5 to 22.2 per cent, and in five Montana coals it is from 
20.5 to 46.0 per cent. The percentage of oxygen might be 
taken as an indication of the heating value of these coals, 
but it is only a reugh indication, for it appears that in some 
coals high in oxygen, part of the oxygen may be combined 
with carbon, instead of all being combined with livdrogen as 
it is assumed to be in Dulong’s formula. The carbon-hydro- 
gen ratio, for the same reason, can never be anything more 
than a rough indication of the heating value, for the varia- 
tion in this ratio is a consequence of the variation in oxygen. 
If oxygen is high the carbon-hydrogen ratio must necessarily 
be low, as the hydrogen in all the high oxygen coals varies 
but little. In future studies of coal it is desirable that the 
carbon-hydrogen ratio be expressed as a percentage of C 
or H divided by C + H, for the reason given in the paper. 

Professor Walker's statement that the results are of more 
value negatively than positively, as far as the estimation of 
heating value from proximate analysis is concerned, is cor- 
rect for most of the coals mined West of the Mississippi 
River, and for all coals containing more than 35 per cent of 
volatile matter in the combustible; but there certainly is a 
relation between the proportion of volatile matter and the 
heating value in all the Eastern coals and also those of Okla- 
homa and Arkansas, when the volatile matter in the eom- 
bustible is less than 35 per cent. It also appears that in the 
coals mined East of the Mississippi, as shown in the paper, 
there is a relation between the heating value and the mois- 
ture in the air-dried coal free from ash. In future studies 
of coals of particular districts, such as those of Indiana and 
Illinois, this relation should be investigated. 
appears notwithstanding the probable variations in the 
recorded moisture, due to the variation in humidity of the 
atmosphere in which the coals were dried, but in future re- 
searches it should not be difficult to obtain an atmosphere 
of standard humidity for drying purposes, by means of a 
chamber in which the moisture is controlled by a hygrostat 
at the same time that the temperature is controlled by a 
thermostat. 


This relation 
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MEETINGS 
NEW YORK, OCTOBER 21 


The opening meeting of the Fall in New York was held 
October 21, at which an interesting and timely paper was 
read by F. A. Waldron on Panie Economies and Emergency 
Problems with Special Reference to the Present Industrial 
Situation. The paper was well received and elicited some 
uiteresting discussion. It is published in full, with the dis- 


cussion, in this issue of The Journal. 
ST. PAUL, OCTOBER 22 
At a meeting of the Minnesota Section held in St. Paul, 
22, 1914, Adolph F. Meyer presented his paper, 
Power Developments on the Mississippi River between St. 
Paul and Minneapolis. 


October 


A large number of lantern slides, 


showing the construction in detail from the commencement 
to the present stage of the work, were used by the author. 


The paper was discussed by those present. 
BUFFALO, OCTOBER 


A meeting of the engineering profession ot 


99 


Buffalo on 
October 22 was addressed by Charles Whiting Baker on the 
topic, Engineers and Public Service. Mr. Baker spoke of 
the effect of the war on the world, showing a unity un- 
dreamed of in the time of Napoleon. This physieal unity, 
he said, has been brought about by the engineer with his 
steamships, railroads and cables. He emphasized further 
the necessity for building and operating public utilities in 
a modern city by competent engineers and predicted radical 
changes during the next Publie sentiment is 
leaning more and more towards municipal ownership and 
operation of city utilities, and the question of their applica- 
tion arises. 


few vears. 


This, he said, depends entirely upon loeal eon- 
ditions. The engineering profession must do its part by 
supporting the men who are chosen to fill high positions, 
and the engineering societies, national and local, must do all 


in their power to help raise the standards of public service. 
LOS ANGELES, OCTOBER 28 


An organization of the Los Angeles Section was held on 
October 28 and the by-laws were briefly discussed. A very 
interesting paper on Local Transportation was read by 
George A. Damon, dean of Throop College of Technology, 
outlining the desirable developments and pointing out the 
difficulties to be met with. The cost factors entering into 
the preblem and the influence transportation plays in the 
development of our cities were dealt with, also the four main 
methods of transportation, surface, elevated, open cut and 
subway. The paper was illustrated by lantern slides, and 
was diseussed by C. K. Mohler, transportation engineer for 
the city of Los Angeles, F. C. Finkle, and others. 

NEW YORK, NOVEMBER 10 

At the monthly meeting of the Society in New York for 
November, Arthur H. Lymn of London, England, delivered 
an address on The Development of the By-Product Gas Pro- 
ducer Industry in Europe. He referred to the various stages 
of the remarkable progress that has been made in this field, 
and diseussed the economic possibilities from the recovery 
of by-products, and referred in particular to results at- 
tained with the Lymn process, of which he is the inventor. 
The lecture was illustrated with lantern slides and drew out 
some discussion. 


AND 


NECROLOGY 


NECROLOGY 


CHARLES F. BAKER 

Charles Fk. Baker was born at Shoreham, Vt., January 22, 
1855, and in his boyhood moved with his parents to Wiseon- 
sin. He received his technical training at the University of 
I}linois, and his first Allis Com- 
Milwaukee. During his service with the company 
Mr. Baker had charge of 


work was with the E. P. 
pany ol 
some of their largest work, in- 
cluding the pumping engines for Allegheny City and the 
blowing engines for the Edgar Thompson Steel Works at 
Braddock, Pa. He left the Allis Company to take charge of 
the installation and operation of the steam plant of the 
C. A. Pillsbury & Company flour mill at Minneapolis. 

In 1893 Mr. Baker entered the employ of the West End 
Street Railway Company of Boston, now the Boston Ele- 
vated Company, and ultimately became superintendent of 
motive power and machinery in charge of all power plants 
This 


spection and design of rolling stock, shops and power sta- 


and car shops. work included the maintenance, in- 
tions and under his supervision the East Boston, Charles- 
town, Dorchester and Harvard Square power stations were 
built. In 1905 Mr. Baker entered the employ of the Brook- 
lvn Rapid Transit Company as superintendent of power 
and machinery, and while there had charge of the recon- 
struction of the Kent He then went to 
Baltimore as superintendent of power and construction of 
the local street railway, and later became associated with 
the Hudson and Manhattan Company as superintendent of 
equipment of the power station and substations. 

Later Mr. Baker joined the forces of the Bay State Street 
Railway in Massachusetts in charge of new construction 
and power plant reconstruction. During this period and un- 
til the time of his death on May 21, 1914, Mr. Baker, who 
had meantime removed to New York to promote a very ef- 


Avenue station. 


fective cooling system for generators, was engaged in private 
consulting engineering practice with special reference to 
power station economies. 

Mr. Baker was a member of the New England Street Rail- 
way Club. In 1904 he was elected president of the Ameri- 
can Railway Mechanical and Electrical Association and was 
also the past president of the New England Steam Rail- 
read Club of Boston. 


CHARLES W. RICHARDS 


Charles W. Richards was born December 4, 1867, in New 
York City and received his edueation in the publie schools. 
He served his apprenticeship with Joseph Edwards & Com- 
pany of New York. In 1887 he entered the employ of 
Henry R. Worthington & Company, as machinist, and was 
subsequently connected with the Boston Heating Company 
with the United Electrie Traction 
Company as construction engineer, with the Cumner-Rich- 


as assistant engineer, 
ards Company, in Boston, electric construction business, with 
the Consolidated Electrie Car Lighting Company as general 
manager, with Stone & Webster, in electric railroad con- 


struction, with the sales department of Chase-Shawmut 


Company and that of the Simplex Electrie Heating Com- 
pany, with the Boylston Manufacturing Company, as super- 
intendent, and with the Stevens-Durvea Company, of Chico- 
At the time of his death 
he was manager of the Driggs-Seabury Ordnance Corpora- 
tion of Sharon, Pa. 


pee Falls, Mass., as superintendent. 
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Mr. Richards was a member of the Society of Automobile 
Engineers, and had served on the board of directors of the 
Connecticut Valley Metal Trades Associations. 


HENRY K. ROWELL 


Henry ix. Rowell was born June 1, 1870, at Charlestown, 
Mass., and after completing his education in the public 
schools, entered the office of E. A. Buss, mill engineer, in 
Boston. He was subsequently connected with Lockwood, 
Greene & Company, and during the last eight years with 
Charles ‘T., Main. Mr. Rowell’s experience in mill work was 
very extensive and he was responsible for the organization 
and construction of many well known plants, including the 
textile plant of the Edwards Manufacturing Company, Au- 
gusta, Me., the textile plant of the Pepperell Manufacturing 
Company, Biddeford, Me., the woolen weave mill of S. Slater 
& Sons. Ine., Webster, Mass., and many others. 

Mr. Rowell made studies, reports and valuations on many 
mills and wrote a number of monographs, one of which, 
Organization ot the Carding Department in Cotton Mills, 
read betore the National Association of Cotton Manufaetur- 
ers in 1911, deserves special mention. 

He died at his home in Waltham, Mass., on August 9, 1914. 

JOHN CHRISTIAN HENRY STUT 


John Christian Henry Stut was born in Germany on Jan- 
uary 11, 1851, and was educated in publie and private 
schools. He served his apprenticeship in Germany and in 
1870 came to the United States, entering the Union Lron 
Works in San He also served 
an apprenticeship with several firms in the same city. He 
designed the plans for the American Sugar Refinery in that 
city in 1885, and acted as constructing engineer for the Cable 
Railroad, during his association with the Omnibus Cable 
Company. He was also associated with the Presidio & Fer- 
ries Railroad of San Francisco and the California Street 
Cable Railroad as constructing engineer, and designed the 
plans for the‘Alameda Sugar Company at Alvarado, Cal. 

At the time of his death Mr. Stut had for a number of 
years conducted a private consulting business, specializing 


Francisco as a draftsman. 


in cable and electric roads, sugar refineries, ete. 
WARREN H. TAYLOR 


Warren H. Taylor, one of the best bank lock and fine lock 
experts in the country, and superintendent of the bank lock 
department of Yale & Towne Manufacturing Company, 
cied at his home in Stamford, Conn., on June 11, 1914. Mr. 
Taylor was born in Winchendon, Mass., February 17, 1846, 
and was educated in publie and private schools. He served 
un apprenticeship as a machinist with his uncle in Milford, 
N. H. 

When the Civil War broke out Mr. Taylor, though quite 
young, enlisted in a New Hampshire regiment, but was pre- 
vented by illness from going into service. Upon his recov- 
ery he returned to his trade of machinist, entering the em- 
ploy of a sewing machine company at Winchendon, where 
he remained a year and a half. Subsequently he worked for 


the Smith & Wesson Arms Company, Springtield, Mass., 
the Remington Arms Company, Ilion, N. Y., for a lock com- 
pany tounded by Linus Yale’s father at Newport, N. Y., 
and for Linus Yale, Jr., at Shelburne Falls, Mass., with the 
company which has since become the Yale & Towne Manu- 
facturing Company of Stamtord. In the spring of 1868 
Mr. Taylor went with Mr. Yale to Stamford and was with 
the firm until the time of his death. The many inventions 
and patents which have been issued to him in conjunction 
with the manufacture of their products, numbering over 200, 
are universally known. 

During his many years of service with the company he 
was associated with about every branch its operations cover. 
It is an interesting fact that at the beginning of his service 
he was associated with the bank-lock department and at the 
end he was the head of the department. During about ten 
years he acted as general superintendent of the company. 
Most of Mr. Taylor’s inventions had to do with pin locks, 
but he made a number of important inventions in connec- 
tion with post office lock boxes which have been used by the 
United States Government. 

Mr. Taylor took an active interest in public affairs and 
was a member of the 
tionment. 
of Trade. 


Joard of Appropriation and Appor- 
He was one of the charter members of the Board 
He was a member of the Stamford Yacht Club, 
the Democratic Club of New York, and the Reform Club of 


New York. 


WILLIAM DEHERTBURN WASHINGTON 


William DeHertburn Washington was born June 29, 1863, 
and died August 30, 1914, in Hanover County, Virginia. 
He received his early education at private schools and at 
the Maryland Agricultural College, where he took a special 
course in mathematics with a view to entering the United 
States Naval Academy. He changed his plans, however, and 
at the age of sixteen began work on an engineering corps 
of the Canal and Iron Railway. He was afterwards assist- 
ant resident engineer on the construction of the West Vir- 
ginia Central & Pittsburgh Railway, and later in the office 
of the Atlantic & Pacific Ship Canal Company. He entered 
the employ of C. W. Hathaway & Company as a designer 
ot special machinery, and designed many original mechanical 
devices, including steam engines, air separators, methods of 
hydraulic sheet piling, and a system of sinking caissons 
hydraulically, which has been successfully used in many of 
the large buildings in New York City. 

At thé time of his death Mr. Washington was president of 
the Hydraulic Construction Company, New York, which has 
engineered and constructed many important industrial plants 
in the United States. He was appointed by Governor Sul- 
zer as consulting engineer to the Highway Commission of 
the State of New York, and was a delegate to the Third 
International Road Congress. He was a member of the 
American Society of Civil Engineers, the American Institute 
of Mining Engineers, and a fellow of 
graphical Society. 
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FOREIGN REVIEW AND REVIEW OF THE PROCEEDINGS OF 


ENGINEERING SOCIETIES 


ENGINEERING SURVEY 

ITH this issue the Foreign Review enters into the third 
year of its existence. While formerly considerations 
of space permitted only the abstracting of periodicals printed 
in foreign languages, it has now been found possible to ex- 
tend this section of The Journal so as to cover also the pro- 
ceedings of various engineering societies. The Library of 
the Engineering Societies receives official publications of 132 
engineering societies from all over the world, many of them 
practically inaccessible to anybody outside of the City of 
New York. While not all of them contain material of in- 
trinsic interest to the mechanical engineer, there is certainly 
a vast amount of material presented in a skillful manner. 
and valuable information on various engineering problems 
of the day. The abstracting done must of course be kept 
within the space available for this purpose, but an attempt 
will be made to have, as far as possible, all the main engi- 
neering data contained in the paper or investigated either 

ineluded in the abstract or fully referred to. 

The Review in its new constitution will be divided into 
two sections: the Foreign Review, and the Review of the 
Proceedings of Engineering Societies. At the end of the 
year a common index to beth seetions will be published. As 
heretofore, wherever necessary, all values, when quoted in 
European units, will be given also in corresponding Ameri- 
can units, and all the other features of the Foreign Review, 
such as the Supplementary References to articles previously 
abstracted, will be retained and extended to the new section 
as well. 

THIS MONTH’S ARTICLES 

In the seetion of Compressed Air Machinery the Meyer 
flat spring valve for air compressors is deseribed, and is 
rearly the simplest that can be made. In the next section 
is shown the Bucherer inhalator-vaporizer working on the 
principle of the medical inhalator; its interest lies in the fact 
that with a heavier fuel it uses a larger nozzle which ought 
to help to avoid clogging of the nozzle; the same vaporizer 
can be made for kerosene engines with two float chambers. 

A German installation for autogenous welding on a very 
large seale is described; the plant provides enough acetylene 
to take care of 50 welding burners, some of them of very 
large size, and has an overall output five times as large as is 
necessary to light a city of 5000 inhabitants, and is run by 
vne man only. Of particular interest is the description of 
the devices insuring safety of operation. In the Chopovski 
process for electrical ease carbonization is described a 
method whieh appears to be as yet only in the experimental 
stage, but, which, if properly developed will give a proc- 
ess permitting the full control of the thickness of the cemen- 
tation layer of steel. Refrigeration engineers, particularly 
those who have to design apparatus for tropical countries, 
will be interested in the Plank process for increasing the 
output of CO, refrigerating machines working with high 
condenser pressures. In the section Steam Engineering sev- 
eral interesting devices are described, such as the Gestra 
valve for blowing off boiler deposits (the author claims that 
the boiler should be blown off for a couple of seconds every 


two or three hours); the Eimert battery for increasing the 
output of firetube boilers without increasing the space taken 
up by them. In the same section will be found an interest- 
ing discussion on the friction of gases against the walls of 
brick passages based on tests made by the author in a Rus- 
sian steel plant. An extensive abstract is given of the arti- 
cle by Neumann on the efficiency of the Bone-Schnabel boiler 
in view of the searcity of material referring to this new type 
of steam generator which just now is attracting much at- 
tention in Germany. 

In the Review of the Proceedings of the Engineering So- 
cieties will be found an extensive abstract of Professor 
l.ucke’s paper before the American Gas Institute on the still 
somewliat mooted subject of surface combustion, to which, 
in connection with the use of the Bone-Schnabel system for 
oilers, is also devoted the article of Neumann in the For- 
eign Review section. To the class of papers dealing with the 
<ame subject, search for a cheaper fuel, belongs the paper 
'y James Lord on the use of pulverized coal. While it deals 
mainly with the metallurgical aspect of this problem, in the 
abstract of the diseussion which followed, data will also be 
found on the application of this new fuel to steam boilers. 
Ilow to adapt the boiler to the coal available, and in particu- 
lar the water-tube boiler to Southern highly volatile coal, is 
the question discussed before the Western Society of Engi- 
neers by H. Kresinger and Walter T. Ray, who, by a series 
of tests show that modified baffling may give very gratifying 
results. 

Atter the subject of getting heat from the fuel comes that 
of using it in the most economical manner. In this connec- 
tion attention is called to the paper on saving of heat units 
1 marine machinery, by H. C. Dinger, before the American 
Society of Naval Architects. The deseription of the Power 
Supply on the Rand, given by A. E. Hadley before the 
British Institution of Electrical Engineers, describes a large 
power system selling, on a large scale, compressed air, in addi- 
tion to electricity, and, among other things, confirms the eom 
mereially important fact that compressed air in large quan- 
tities can be transmitted to fairly long distances without 
losses that would make the operation of the system prohibi- 
tively expensive. 

A rather complete abstract is given of the interesting 
paper by Prof. A. H. Gibson before the British Institution 
of Mechanical Engineers on the design of volute chambers 
and guide passages for centrifugal pumps. 

Attention is also called here to the paper of A. H. Sabin 
on painting structural steel, to be presented before the Amer- 
ican Society of Civil Engineers in January 1914; the de- 
scription of an electrie dynamometer designed by Nathan C. 
Johnson, and articles on the use of lignite coal for locomo- 
tives, boiler scale prevention, ete. Articles are classified as 
e comparative; d descriptive; e experimental; g general; h 
historical; m mathematical; p practical; s statistical; ¢t 
theoretical. Articles of exceptional merit are rated A by 
the reviewer. Opinions expressed are those of the reviewer, 
not of the Society. The Editor will be pleased to receive 
inquiries for further information in conneetion with articles 
reported in the Survey. 
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02 FOREIGN 
FOREIGN REVIEW 
Aeronautics 

NuMericaL Estimation oF LongirupiINaL AND LATERAL 
STABILITY OF AlRsHIPS (Zahlenmiissige Wertung der Liings- 
und Seitenstabilitdt von Flugzeugen, R. Skutsch. Zeits. fiir 
Flugtechnik und Motorluftschiffahrt, vol. 4, no. 21, p. 281, 
November 15, 1913. 3 pp., 2 tables. c). The author de- 
rives certain coefficients for longitudinal and lateral stability 
of aeroplanes, and gives a table of values of the magnitudes 
entering into their equations for a large number of mono- 
planes and biplanes covering practically the entire field of 
machines of commercial importance. Some data are taken 
from hitherto unpublished materials, such as original draw- 
ings of apparatus which has not apparently been deseribed 
in print. 


TECHNICAL IMPRESSIONS OF THE EXHIBITION FLIGHTS OF 
PéGoup (Technische Impressionen vom Schaufluge Pégouds, 
I’. Ellyson-Edelstein. Zeits. fiir Flugtechnik und Motor- 
luftschiffahrt, vol. 4, no. 21, p. 284, November 15, 1913. 11 
pp. 7 d). Deseription of the Bleriot apparatus and 
starting devices used by Pégoud in his exhibition flight at 
Aspern (near Vienna, Austria) and Johannistal, Germany, 
and a interesting analysis of the methods which 
allowed him to fly upside down, loop the loop, ete. The 
author comes to the conclusion that it was the inherent lack 
of stability of the apparatus used that permitted Pégoud 
to perform safely all his evolutions, which he could not do 
unless he had an apparatus conforming to the following con- 
ditions: 


figs. 


very 


supporting planes of the most simple geometric 
unenelosed, hull with rounded 
edges; large steering planes; horizontal rudder convex bot- 


form ; short, rectangular 
tomward; a light carriage, and an indifferent position of 
equilibrium. These conditions, however, are also the typical 
unstable machine. The 
author attaches great importance to the demonstrations of 


characteristics of an inherently 


Pégoud in that he has not only given valuable data for 


ven- 


future coustructors of airships, but has shown to the 


Fic, 1 


Myer Fuat Sprinc Vatve ror Ark COMPRESSORS 


eral publie that, in the hands of the right men, flight has 
already become one of the safest means of locomotion. 


Compressed Air Machinery 

Tue Propuction OF COMPRESSED AIR AND ITs APPLICA- 
TION IN Suors (Die Erzeugung der Druckluft und ihre 
Verwendung in Fabrikbetrieben, A. Wallichs. 
technik, vol. 6, no. 10, p. 227, 


Die lérder- 
serial article not finished. ad). 
Among other things, the article contains an interesting de- 
scription of the Meyer flat spring valve for air compressors. 
The tendency towards the use of light valves began with 
the successful introduction of the Rogler and Hoerbiger 
valves, endeavor lately, at least in Germany, having been 


REVIEW 


in the direction of designing the valve as simply as possible. 
ig. 1 shows what appears to be nearly the simplest pos- 
sible design, the simplicity in this case having been attained 
The * litt” 
is effected by the bending of separate lamina, independent 


by the use of a flat spring valve. of the valve 


data are 
still lacking as to whether this construction will stand long 


of one another. The article states that suflicient 
wear, and especially as to whether the spring lamina will 


remain air-tight after continued use. The article deseribes 


Bucnerer INHALATOR-VAPORIZER 


Fie. 2 


also the latest types of the Hoerbiger valve, the Thyssen 
valve (four crosswise superimposed springs pressing uni- 
formly on the plate ring valve at four places, while in the 
free segments are arranged the valve stops), and the Borsig 
valve, in which the valve and guide are combined through 
the guide being machined out of, and remaining in perma- 
nent connection with, the valve plate itself. , 


Internal Combustion Engineering 

Tue Bucuerer INHALATOR-VAPORIZER PATENTED IN GER- 
MANY (Der Bucherer-Inhalator-Vergaser (D.RW.), 
Motorwagen, vol. 16, no. 28, p. 706, October 10, 1913. 1 
2 d). 


with engines of any number of eylinders — It 


Pes 
figs. The Bucherer inhalator-vaporizer may be used 
is based on a 
principle materially similar to that of the inhalator used in 
medicine. The cold atmospheric air enters at a, the warm 
engine air at b, and the explosive mixture goes to the en- 
gine through the connecting tube d. The nozzle f commu 
nieates with the float chamber g, and the nozzle k with the 
atmosphere. The float chamber g in its turn is connected 
with the suction piping by a pipe r in a manner such that 
the same pressure ratio is maintained in both. The fuel is 
therefore delivered to the fuel nozzle not by the partial 
vacuum in the suction piping but by the inha’ator action 
of the air nozzle k. The fuel liquid drops slowly from the 
nozzle f, and, at the instant of dropping, is torn away by 
the powerful action of the stream of air coming from the 
The 


action is practically the same as that of a mouth-spray used 


nozzle k and atomized in a very complete manner. 


The cover of the float chamber 
If. how- 
fuel, change of 
climate, ete., a small adjustment in the quantity of fuel be- 
comes necessary, it is enough to open somewhat the valve 


by street venders of flowers. 
g is provided with an air valve I usually closed. 
ever, owing to change in the quality of 


l in order to change the volume of flow of fuel through the 
The action of 
the valve 1 is due to the fact that, even though the air enter- 
ing through it is immediately sucked away along the pipelet 
r, the flow of air through the float chamber produces a small 
rise in pressure in it, and thus facilitates the injector action 
of the nozzle k. Since the velocity of flow through the 
nozzle f is considerably below that through the usual spray 


fuel nozzle f which is of constant section. 
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nozzles, it has to be made of larger cross section; this results 
in the tact that even in the case of low power engines with a 
small consumption of fuel, clogging of the fuel valve is made 
At the the 
larger cross section of the fuel nozzle, a very small open- 


practically impossible. same time, owing to 
ing of the valve 1 causes quite a substantial change in the 
the the 


With the usual spray nozzles the 


tlow of fuel, without in least affecting inhalator 


action of the air nozzle. 


use of heavier fuels involved a smaller nozzle (so as to have 


a greater pressure per square inch in the nozzle); in the in- 


halator vaporizer, on the contrary, a larger nozzle has to be 
used. At the same time it is well known that the action ot 
the air nozzle is extremely powerful (the mouth-spray is 


strong enough to atomize kerosene oil to an impalpable fog), 
and the powertul blast caused by a nozzle actuated from a 
running engine 1s fully sufficient to atomize fuels of far 
greater consistency than kerosene. 

The throtthng of the engine is done by the piston valve e, 
of which the conically machined end acts as a valve seat, 
and can eut off entirely the tlow of the mixture. Supple 
mentary air flows through z-z,, while s shows a wire gauze 
net which may be installed in order to prevent carbureter 
fires on aeroplanes or where there are inflammable materials 


arouna, 


Is Provided 


aeroplane and kerosene engines the vaporizer 


with two float chambers, in the first in order to 


set instantly into aetion the other float chamber should the 
iel s ipply pipe in one break, and in kerosene engines be 


float chamber works on the regular fuel. and the 


cause one 


other casolene or benzene for a start. By a sheht ad 


i the opening or closing ot the valve the 


Vaporizer may be made to work with either light or heavy 


owith benzole. 


The device is of particular interest 


because the cheaper vrades ot tuels may be used in it. 


Movat MOpvELS FOR THE EXPLANATION OF THE AIRSHIP 
(Bewegliche Modell 
Deutsche 
no. <2, p. October 29, 


zur Erkldrung des Luftfakr- 
Luftfahre r-Zeitscl rift, vol. 17, 
1913. The 
ist thoroughly know his engine, so as to be able to 


li-. 
1 p., 5 figs. d). 
aviator m 
detect detects in its working before it actually stops run 
ning. As in most cases he cannot handle an engine long 
enough to become familiar with all the details of its con- 
struction, it is beheved that a work on a set of properly 
constructed models might be of advantage; this applies also 
to the case of large schools where each particular student 
has o1 ly a limited time to devote to the study ot the engine. 
The article deseribes and illustrates a set of models placed 
on the market by a German firm, giving a sectional view 


All the 


models are movable, are provided with brief explanatory 


of the engine, the piston motion, valve motion, ete. 


notes, and appear to be of use for their particular pur- 
pose. ‘Two additional models show the operation of the car- 
bureter and of the ignition system, two subjects of par- 


ticular importance to an aviator. 


Machine Shop 

AUTOGENOUS WELDING IN SHOP PRACTICE ON A LARGE SCALE 
(Dis 
Zeits. fiir Dampfkessel und Maschinenbetrieb, vol. 36, no. 
47, p. 571, November 21, 1913, 3 pp., 6 figs. d). The 
Augsburg-Nuremberg Machine Company was one of the 


autoge ne Ne hweissung am Grossbetrieb, Knappich. 


first German concerns to employ autogenous welding on a 
large scale; its installations for this purpose have been con- 


tinually enlarged, and last spring a large special plant was 


REVIEW 03 


installed, said to be the last word in this branch of engineer- 


ing. Fig. 3 A and B shows section and plan respectively of 
the installation. The carbide storeroom located near the 


machine room A is separated from the latter by a fireproof 
wall with a fireproof door, and has a storing capacity of 
10,000 ke. (22,000 Ib.). 


The generation of 
so-called deep generation 


the acetylene is 


carried on on the system, Le., 


Puiant (AvuTOGENOUs WELDING) 


ACETYLENE GENERATING 
AUGSBURG-NUREMBERG MacuiIne COMPANY 


Fie, 3 THE 


with the generator direct in the water space. This system 
was adopted because in plants of this size a very important 
element is that of removing the carbide residues, and for 
this purpose it is well to have as large a water reservoir 
as possible, which can be best done with the “deep” sys- 
tem. As shown in Fig. A and B, the machine plant con- 
for 50 kg.. 
the washer d with the water closing device 


sists of two generators ¢ and ¢’ carbide each, 


e, a gasholder 


(standing in the open) of 30 en. m. (1059 eu. ft.) useful 
volume, cleaners f and f’ of 0.25 ebm. (8.8 eu. ft.) useful 


volume, station gas meter g with a capacity of 31 cbm. 


(1094.7 en. ft.) per hour; Knappich central safety water 
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reservoir h (more of it below) ; gasholder contents indicator 
i, water manometer k and emergency lighting 1. 

After being generated in the generators c and c’, the 
acetylene flows through the washers d, which serve also as 
water seal, to the gasholder, from which, when required, it 
flows through the two cleaners f and f’, gas meter g and the 
Knappich safety water reservoir h. By these means the im- 
purities contained in the acetylene and soluble in water, 
such as ammonia, hydrogen sulphide, ete., are eliminated 
from it at the same time that it is being generated and stored 
away; on the other hand, such impurities as hydrogen phos- 
phide, hydrogen silicide, ete., are retained by chemical means 
in the cleaners f and f’ on the way to consumption (because 
here the gas flows with less velocity). The acetylene reaches 
therefore the place of consumption in a state of technical 
purity, which is very important for the production of good 
welds. 

The generator is always surrounded by a large quantity 
of water which helps to obtain both an economical gasifica- 
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tion of the carbide and a gas free of products of polymeriza- 
tion (owing to the fact that the excess of water provides 
an effective cooling). Further, since every generator has 
a capacity of 50 kg. carbide and a production of 15 ebm. 
(530 cu. ft.) of gas, the amount of air which gets into the 
charging chamber with the carbide may be considered as 
negligible, and the formation of explosive mixtures prac- 
tically eliminated. 

In the cleaners which have to take care of the impurities 
not readily soluble in water, a product with a chromie acid 
basis is used (its exact composition is not stated). The 
cleaners are sealed hermetically by a bell partly submerged 
in water and provided with an automatic alarm whistle in- 
dicating low level of the water seal. 

The purpose of the gas meter is to determine the con- 
sumption of gas in the plant, as well as the gas output per 
unit of calcium carbide used. (The latter is especially im- 
portant in Germany, as under the standard contract of the 
German Acetylen Society, the carbide factories guarantee 
a certain output of gas per unit weight of carbide.) In 
addition to the gas meter, the plant uses a special apparatus 
(of Dr. Caro) for the determination of gas production from 
carbide. The water manometer is arranged so that it can 
be connected with any part of the plant, though as a rule 
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it is on the generator. The emergency lamp (kerosene oil) 


is provided in case the electrie light should fail. 

The piping consists of cast-iron pipes, 100 and 80 mm 
(3.9 and 3.1 in.) in diameter; the cleaners are provided with 
shunt piping, so as to prevent disturbances in the flow of 
gas should a cleaner become clogged. By this means the 
flow of gas may be regulated as desired, and the cleaners 
connected in parallel. 

German government regulations provide that there should 
be a water seal at each welding stand between the gas piping 
and the burner to prevent backfiring into the piping when 
the burner tube becomes clogged, as well as to prevent the oxy- 
Most of the acci- 
dents which have occurred in autogenous welding may be 


gen from getting into the acetylene piping. 


traced back to improperly designed or improperly kept 
water seals. In large plants, with an extensive system of 
piping there is the further danger that, with a defective 
water seal, the back firing may penetrate as far as the ap- 

To 
prevent this, the Knappich safety water reservoir has been 
installed. It 


paratus house or gasholder, and make trouble there. 


is shown in Fig. C, and its characteristic is 
that it is provided with an alarm whistle which acts auto- 
matically: (a) when the water level becomes too low; (b) 
(the then 


foreed to flow through the alarm whistle, and produces the 


when the welding pistol is clogged oxygen 1s 
sound of alarm); (c) when, through some irregularity in the 
piping, air is admitted into it. This alarm whistle, which 
is set into motion by the kinetic energy of the oxygen under 
pressure, instantly and automatically indicates any error 
in the actions of the welder or attendants, so that they may 
One 


facts in connection with this plant (characteristic to a cer- 


be attended to before it is too late. of the striking 
tain extent of acetylene installations generally) is the small 
attendance required. The present plant having an output 
of 300 to 600 ebm (10,594 to 21,188 cu. ft.) per day, or 
about five times as much as would be required for the light- 
ing of a city of 5000 inhabitants, has only one man for its 
attendance. More than 50 welding burners are operated 
throughout the plants, from the smallest to the largest size, 
for the most varied 


autogenous welding being used pur- 


poses. 


ELECTRICAL CASE CARBONIZATION OF IRON AND THE PRop- 
ERTIES OF THE Propuct OptraiNep (Electricheskaya teemen- 
tatciya jeleza i svoistva poloochenava prodookta, 1. A, Fesh- 
chenko-Chopovski. Journal of the Russian Metallurgical 
Society (in Russian), no. 3, 1913. 3 figs. 
de). slectric 


current increases the velocity of the cementation process 


p. 245, 10 pp., 
Garnier observed as early as 1883 that an 


when the iron serves as a cathode, and retards it when the 
In 1909, Prof. P. V. Ljevski, while 
investigating, in Russia, case carbonization of iron by means 
of illuminating gas, passed an electrie current of low poten- 
tial (about 15 volts) and large amperage (300 amperes) 
through the iron rod under test, in order to bring it up to 
the temperature required for case carbonization; the rod 
was in a glass tube, through which the gas flowed continu- 
ously at a given velocity. Data of these tests have never 
been published. The present author applied practically the 
same principle, but in a radically different form, which per- 
mitted him to effect the carbonization by means of a solid 
powder. In his first tests he used a so-called eryptol rheo- 
stat with a few pieces of soft iron placed in the eryptol mass. 


iron serves as an anode. 
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The current meets a very large resistance while passing 
through the cryptol carbon, and in aecordanee with the 
Joule law, produces a large evolution of heat. In the 
author's tests a current of 5 to 8 amperes was passed at 
250 volts during two to three hours, the iron pieces attain- 
ing their full temperature in less than half an hour. These 
tests have not given fully satisfactory results, due probably 
to faulty construction of the experimental furnace, and an- 
other type of furnace was worked out, in which the compara- 
tively expensive cryptol was replaced by a mixture of retort 
coal and charcoal, with an addition of 40 per cent of barium 
carbonate (in some of the tests eryptol seems to have been 
used, however). The experimental furnace used is shown 
in Fig. 4, all the dimensions being given in millimeters (1 
in. = 25.400 mm). A few bricks were laid flat on a wooden 
board, thus forming the bottom of the furnace, which was 
further covered by sand and protected by a sheet of asbestos. 
A tew more bricks formed the walls of the furnace, leaving 
in the middle a rectangular space 7.4 in. by 6.4 in., 5 in. 
deep. As electrodes, iron bars, 6 in. by 2.4 in. by 0.33 in., 
were used, connected to copper wires as shown in the figure. 
Direct current of 250 volts was stepped down to 5 volts; 
the carbonized test pieces, iron bars 1.6 in. by 1 in. by 0.3 
in., were placed in the space between the electrodes, two test 
pieces being generally used at a time, while as much as 
eight have been successfully handled at once, this being the 
maximum for a turnace of given dimensions. The distance 
between the electrodes was 3.2 in. 

The carbonization proved to be even, and as deep as de- 
sired. Tests were made to determine the depth of the ear- 
bonized layer as a function of time and of temperature, and 
it was found (the original article contains full tables of 
tests) that, with a powder consisting of 60 per cent mix- 
ture of retort carbon and charcoal, and 40 per cent barium 
carbonate, and temperature of 970 deg. cent. (1778 deg. 
fahr.), the speed of cementation was 0.60 mm (0.0236 in. 
per hour). The funetional relation between the temperature 
of the carbonization process and the speed of diffusion of 
earbon through the iron could not be established fully, and 
appears to follow some complex law. It has, however, been 
found to increase, as the temperature rose from 900 to 
1000 deg. cent. (1652 to 1832 deg. fahr.). It has also been 
found that close packing of the powder near the test piece 
improved the results obtained, and also that the side of the 
piece towards the entering current was carbonized somewhat 
deeper than the opposite side, but this difference was slightly 
noticeable at high temperature and for long tests. Tests 
of hardness by the Brinell method have shown that the sur- 
face hardness increases with the thickness of the layer of 
case carbonization. 


Materials of Construction 

Tit anp Vaporization or Rerractrory 
(Das Schmelzen und Verdampfen hochfeu rfester Oxyde, 
who. Tonindustrie-Zeitung, vol. 37, no. 128, p. 1693, Octo- 
ber 30,1913. 1p. e). The article contains data of tests on 
the melting point of refractory oxides by C. W. Canolt at 
the U. S. Bureau of Standards and Otto Ruff at the Tech- 
nieal High School, Danzig, Germany. Only the latter will 
be here reported. Oxides of the following elements were 
investigated: beryllium, magnesium, calcium, aluminum, 
yttrium, chromium and lanthanum, as well as zirconium 
dioxide, tin dioxide, titanium dioxide, cerium dioxide. 
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thorium dioxide, niobium pentoxide, and tantalum pentoxide. 
It was found that only aluminum oxide had a melting point 
independent of the influence of the reducing action of the 
furnace atmosphere; beryllium oxide has been found to be 
nearly independent, but the relation of its reducibility to 
pressure and composition of the furnace atmosphere has 
not vet been definitely established; in the case of zirconium 
dioxide its composition before melting still needs investiga- 
tion. For refractory containers beryllium and zirconium 
oxides appear to be the most suitable; aluminum oxide has 
too low a melting point for certain application, while mag- 
nesium oxide is good only where means have been taken to 
prevent its too rapid vaporization. The other oxides are 
easily reduced to carbides in the furnace atmosphere. The 
article contains a complete table of melting points of the 
oxides investigated, of which the following may be men- 
tioned here (in nitrogen, first figure at atmospheric pres- 
sure, the other in partial vacuum, 10 to 30 mm.) : beryllium 
oxide, BeO: 2200 and 2525 deg. cent. (3992 and 4577 deg. 
fahr.); magnesium oxide, MgO: 2500 and 2550 deg. cent. 
(4532 and 4622 deg. fahr.); aluminum oxide, AlO: 2010 


and 2010 deg. cent. (3650 deg. fahr.). 


Refrigeration 


INCREASING THE oF CoLp or CaRnon DIOXIDE 
REFRIGERATING Macuines Particutarty with Hicn Con- 
DENSER Pressures (Beitrag zur Erhéhung der K dltel: istung 
und der Leistungsziffer von Kohlensdurekéltemaschinen 
insbesondere bei hohen Kondensatordriicken, R. Plank. 
Zeits. fiir die gesamte Kialte-Industrie, vol. 20, no. 10, p. 
189, October 1913. 7 pp., 6 figs. dtA). Diseussion of the 
thermodynamic principles of operation ot compression re- 
trigerating machines, and deseription of an improvement 
devised by the author, of particular importance tor locali- 
ties where cold cooling water is not easily available. The 
useful output of cold depends mainly, apart from the 
amount of heat of evaporation, on the state of the cold 
carrying medium in front of the regulating valve. The 
amount of moisture in the steam at entering the evaporator, 
and the output of eold seeured are inversely proportional to 
the heat contents of the cold carrying medium in front of 
the regulating valve, and many efforts have been made to 
keep the latter as low as possible, e.g., by inserting liquid 
coolers working on the counter eurrent principle, and secur- 
ing a reduction of the cold carrying medium to nearly the 
temperature of the cooling water: for CO,, especially in the 
neighborhood of the critical point, the gain thus obtained 
is quite substantial. 

The heat content i is in general a function of temperature 
and pressure, but while the relation between heat content 
and temperature is simple, this is not so with pressure, 
where the relation is expressed by the following somewhat 
complicated differential equation : 


ov ] 
=~}. AT | — + Au= Av 
where ¢ or 7 denotes temperature, p pressure, v volume, 
_ 1 1 
A = mechanical heat equivalent, and « = alo)” 


thermal coefficient of expansion referred to the volume v, 
1 
There may be several relations between @ and 7» the for- 


mer being equal, smaller or larger than the latter; further 
* may be equal to zero or infinity. 
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For cold carrying media with a low lying eritical tem- 
perature the state in front of the regulating valve is char- 
acterized by 


the relation ah which applies both to 


the case of real gases and still more to liquids and 


vapors in the neighborhood of the critical point. When 
a>a, ie is negative, and therefore a rise in pressure 
t 


reduces the heat contents. An increase in the output of 
cold may therefore be obtained simply by submitting the 
cold carrying medium, after its exit from the condenser, to 
a second isothermal compression; if this supplementary 
compression is adiabatic, the heat of compression must be 
removed in an additional small cooler, and in any case a 
gain in cold output is obtained, this gain being in most 
eases bought very cheaply since the work required for the 


Fic. JS Diagram, CO: Rerrigeratinc MacHIne 


compression of the CO, coming out of the condenser is very 
small, owing to the small volume of the gas so treated. The 
ratio of the cold output gained Q,’ to the compression work 


, 
AL’, or the efficiency ¢ = a of the supplementary process, 
is, especially with high temperatures of the gas coming from 
the condenser, sometimes as much as four times higher than 
AL 
by the application of supplementary compression, not only 
the general, but also the specific output of cold is raised 
(a table in the original shows that this gain may be as high 


the efficiency of the original process € = and therefore, 


as 85 per cent, and has in several cases proved to be around 
40 per cent 

For the practical application of the new process in the 
first instance is required a small pump that would compress 
the CO, to about 120-150 atmospheres. 
practically adiabatic and the temperature of the gas rises 
therefore somewhat, 10 to 15 deg. cent. (18 to 27 deg. fahr.) ; 
this rise must be taken care of, which is done in a small 
cooler, in the form of a double wall pipe working on the 
counter-current principle. While by means of slow com- 


The compresison is 


pression and efficient jacket cooling practically isothermie 
compression may be obtained, it is more practical to em- 


ploy the above described combination of adiabatie compres- 
sion and subsequent cooling. 

To attain the greatest economy of the process, it is essen- 
tial that the cold carrying medium be as thoroughly cooled 
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as possible both betore and after the supplementary com- 
pression. The power consumption for the supplementary 
compression is the smaller, the lower the temperature of the 
gas under compression. Under normal conditions the vol- 
ume of the compression pump is 1/6 to 1/7 of that of the 
main compressor. 

To illustrate the above description, both the usual and the 
and JP 


The JS and JP diagrams are 


modified processes are reproduced in the JS, 7s, 


diagrams in Fig. 5 A, B, C. 


Fic. 5C JP Diagram, CO; Rerriceratinc Macuine 


particularly suitable for estimating the gain obtained, since 
these diagrams show both the power consumption of adia- 
batie compression in both cylinders and the power output, 
while D shows the gain in specific cold output when the new 
process is used. The usual process in refrigerating machines 
of this type oceurs along the line abeg (Fig. 5 A), where ab 
represents the adiabatic compression of the gases coming out 
of the evaporator, be the isobar in the condenser, cg the 
throttling curve in the regulating valve, and ga the isobar 
in the evaporator. The vertical distance between the points 
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gy and a shows the available output of cold, while ab magni- 
fied five times represents the equivalent of the compressor 
work. The modified process follows the line abcdefg where 
cd, to the same seale as ab, shows the equivalent of the work 
of adiabatic compression of the pump, while de is the isobar 
of the supplementary cooler, and ef the displaced throttling 
curve. The vertical distance between the points f and g 
represents the gain in cold production (the points ¢« and 
e are on the same isothermal). 

In Fig. B both processes are plotted on the 7S diagram. 
The area abckga is equivalent to the work of compression in 
the usual system, and ga may be considered as the measure 
of the cold output. For the new system the equivalent of 
the compression pump work is the area cdehke, so that the 
total work of compression is given by the area of abcdehk/fa, 
while the gain in cold output is characterized by fg. On 
the 
horizontal distance between the points a and b is equiva- 
lent to the work, 


the JP diagram the new process is shown in Fig. C 


and the horizontal distance 


‘ ompressor 


bet wee and d to the work of supplementary compression 
/ 
° 
Dea —> © . 
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. OF COs, aT —10 


Dec. Evaporation New System 


TEMPERATURE (a, OLD SysTeM; n, 


(pump The isobars be, de and faa straight 


horizontal lines, but the adiabatie curves ab and ed have 


lost the regularity which characterized them in Fig. A and 


appear as 


Is. The throttling processes in the regulating valve are rep- 
resented by the vertical straight lines ef and cg, while the 
eutput of cold is shown in the old system by ga, and in 
the new by fa. 

To determine the practical gain in the production of cold 
with the new system, all that is necessary is to know the 
temperature of CO, at coming out from the condenser when 
high condenser pressures are used. The gain may then be 
readily determined by means of Fig. 5 D and E. As has 


been shown by tests on actual machines, there is the fol- 


lowing relation between condenser pressure and exit tem- 
perature: p = 80 atmospheres, f 33 deg. cent. (91.4 deg. 
38.5 deg. cent. (101.3 deg. 

44 deg. cent. (111.2 deg. 
D and E these temperatures are indicated 
Table 1 


shows the respective gains for a temperature of evaporation 


fahr); p = 90 atmospheres, 


fahr.) 5 p 100 atmospheres, t 
fahr.). In Fig. 
by small cireles and connected by a dotted line. 
of —10 deg. cent. (14 dee. fahr.), and a pressure in the 


auxiliary pump of p’ = 120 atmospheres. These gains are 
still larger with higher pressures p’, but could not be exactly 


computed on account of defects in the experimental plant. 


REVIEW 07 
The volume of the small auxiliary pump is to the volume 
of the main compressor in exactly the same ratio as the 
specific volume v of the CO, at pressure p and temperature t¢ 
is to the specific volume v.” of dry saturated steam at the 
evaporation temperature ¢,. With ¢, 10 deg. 
p> 38.5 deg. cent., v” is 14.24 liters 
per kg. and v is 2.08 liters per kg. Therefore 


cent., 


90 atmospheres, ¢ 


— 100 = 15 per cent, 

which means that the volume of the auxiliary pump is about 
15 per cent of that of the main compressor, both being 
assumed to be single acting. The author applied for a Ger- 


man patent for his invention. 


TABLE 1 IMPROVEMENT IN COLD PRODUCTION WITH 


PLANK DEVICE 


THE 


Temperature of 


Condenser CO; at Exit Gain in Output Gain in Specific 


Pressure from Condenser, of Cold, Per Cent Output of Cold, 
Deg. Cent Per Cent 
sO 33 48 28 
46 
100 14 44 35 
Steam Engineering 
Biowinc-orr Botter Deposits (Abblasen des Kessel- 


schlamms, Zeits. fiir Dampfkessel und Maschinenbetrieb, 


vol. 36, no. 46, p. 567, November 14, 1913. 12 pp., 2 figs. 
dp). The article states that the usual practice of letting the 
blow-off valve open for several minutes entails nothing but 
Merely 


a cone-shaped vortex is formed in the boiler deposit around 


a useless waste of heat and water from the boiler. 


the blow-off cock, and only the mud in that vortex is re- 
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moved. To do that requires not more than 3 to 5 seconds, 
while tor the rest of the time that the cock is opened, it is 
clear water that flows through, and it takes about 2 hours 
for the space in the neighborhood of the blow-off valve to 
fill in again. The best practice is therefore to open the 
If the 
usual hand wheel blow-off valve is used, however, it would 
be hardly advisable to let the boiler attendant blow off the 
boiler so often and 


blow-off valve every 2 or 3 hours for a few seconds. 


for such a short time, and the Gestra 
valve (Fig. 6) has therefore been arranged in such a man- 
ner that the fireman can from his stand operate it by a chain 
or foot treadle (Fig. A). 
cones (Fig. B). The main cone a with its seat may be re- 


It is provided with two stop 
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moved for repair purposes; the safety cone b will still re- 
main automatically closed; tle double closing arrangement 
is also effective in preventing possible leaks. 


INCREASING FIRETUBE BOILERS (Vergrdsserung von l'lamm- 
rohrkesseln, Pradel. Braunkohle, vol. 12, no. 32, p. 547, 
November 7, 1913. 3 pp., 4 figs. d). It is often desirable 
to increase the output of a fire-tube boiler without either 
increasing the space occupied by the boiler, or going to 
great expense. This can be done by the so-called Eimert 
battery manufactured by a German concern, and consisting 
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Fie. 6 Gestra VALve For BLow1nc-Orr BoiLer Deposits 


of seamless Mannesmann pipes of special steel stayed, by 
seamless welding, in a header of appropriate shape and size. 
In Fig. 7 is shown such an Eimert battery constructed in 
a side flue of a boiler. 
tube boiler with all the advantages of a water-tube boiler 
in respect to the speed with which steam can be raised. The 
action of the battery of tubes is based essentially on the fact 
that the hot gases are forced to play around the tubes all 
along their length, and, by a proper distribution of joints, 
an extremely rapid and vivid circulation of water is secured, 
such as is generally lacking in a fire-tube boiler. The bat- 
tery, which is inserted into the flue on rollers in such a man- 
ner that it slopes forward, is connected to the lowest part 
of the water space in front, and to the highest in the rear; 
further, the rear steam collector is connected directly with 


This arrangement provides the fire- 


Tests have shown that 
with this arrangement an increase in steam generation as 
high as 40 per cent has been actually obtained. The article 
gives data of tests with and without the Eimert battery, and 
shows that the efficiency of the plant before the additional 
installation was 50.52 per cent, and became 75.30 after the 
Eimert battery was installed; water evaporated per hour 
rose from 2050 kg. (4510 Ib.) to 2300 kg. (5060 Ib.), the 
rate of evaporation having changed from 25.59 to 28.71 kg. 
per qm-hr. (from 5.27 to 5.91 lb. per sq. ft-hr). The losses 
in both eases are given as follows: smokestack: before the 
installation of the battery 20.45 per cent, after —11.95 
per cent; radiations, residues, ete.: before — 29.03 per cent, 
after — 12.75 per cent. 


the steam space in the main boiler. 


FRICTION OF GASES AGAINST THE WALLS OF Brick Pas- 
SAGES. (Trenye gazof o stenki kirpichnikh kanalof, V. A. 
Mojaroff. Journal of the Russian Metallurgical Society, 
no. 3, 1913, p. 335, 35 pp., 2 figs. mpA). The author, in 
connection with some repairs to a blast furnace installation, 


had to determine how much hotter a blast a Massick and 
Crookes stove will give than a similar Cowper stove, all 
other conditions being equal. To do this, the author had, 
among other things, to determine the friction of gases 
against the walls of brick passages, a problem with which 
the builder of smokestacks, brick arches, ete., has also often 
to occupy himself. Guided by Professor Grum-Grzimailo’s 
theory of the application of methods of hydraulics to the 
calculation of metallurgical furnaces, the author derived a 
veneral formula for the resistance to the flow of gases 
through brick-lined passages, and determined the coetlicient 
of triction of the gases for this ease. 

With the same area of cross-section, the passages through 
which a gas tlows may have very different shapes, from that 
of a circle to a long narrow slot; hence, the ratio of 
perimeter of passage to its cross-section may be varinble. 
Since the friction of a gas against the walls of a passage is 
proportional to its perimeter, the amount of work spent to 
overcome this friction, is not equal in the case of several 
passages with equal cross-sections, but unequal perimeters: 
the ratios of loss of head due to frietion in such passages 
is proportional to the ratios of their perimeters. Since of 
all sections of equal areas, the cirele has the minimum 
perimeter, the perimeter of a circle and the work of forcing 
the gas through a passage of cireular cross-section may be 
taken as units; then for all other sections of equal areas 
their perimeters and loss of head due to friction may be 


expressed as or as 


C; ™D, 
eter of a section of the gas passage, C, the cireumference 
of a circle of area equal to that of the actual cross-section 
of the passage, and D, the diameter of this circle. 


where S is the actual perim- 


The circumference of a circle is proportional to its diam 
eter, the area to D*; the friction loss in the case of a circular 
passage is proportional to the cireumference of the passage; 
the volume of the gas passing in unit time to the area, and 
since the energy of the gas is a function of its quantity, it 
is evident that that part of its energy which is lost to over- 
come the friction against the walls of the passage, and the 
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corresponding loss of head, will vary as the ratio of the 


diameter to the area of the passage, all other conditions 


being the same, or as —. In other words, in the ease of 


Di 
the flow of gas through cireular passages, the loss of en- 
ergy due to friction is inversely proportional to the diameter 
of the passage. By combining this formula with the one 
preceding, it is seen that, whatsoever the shape and free 
area of cross-section of the passage may be, the loss of en- 
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ergy in the gas due to friction is proportional to the ex- 
pression 


Ss } S S 
D 
4 


where © is the area of the free section of the passage. For 
a given length of flow of gas L the loss of energy is also 
proportional to L. 

The work of friction of gas against the walls of the pas- 
sage and the corresponding loss of head vary with the 
amount of gas flowing, and are therefore a function of the 
average velocity of flow of gas through the passage, and 
since the pressure of the gas varies also with the change 
of temperature, the friction loss must be a function of the 
pressure or density of the gas, or, combining the two, 
f(t. po. The exaet expression of this function is un- 
known. 

In hydraulies it is usually assumed that frictional re- 
sistance is a linear function of the velocity of flow, and, in 
the absence of proofs to the contrary, the same may be done 


in the case of flow of gas. The coefleient which should be 


added to the expression vepe depends on the physical 


properties of the walls of gas passages, and, in the case 
under investigation, may be called the coeflicient of frie- 
tion of a gas against brick walls; it will be denoted here by 
the letter m. Summing up, the loss of head due to friction, 
expressed in millimeters of water, and denoted by 7, may be 
expressed as | 
SL 
— 

where m is the coefficient of friction of gas against brick 
walls; S perimeter of the passage in meters; @ area of sec- 
tion of the passage in square meters; L length of the pas- 
sage through which the flow is measured, in meters; 1 
velocity of flow of gas in the passage in meters, at t deg. 
cent.; p, weight of 1 cu. m. « 


f gas in kilograms, at an aver- 
age temperature of t deg. cent. which the gas has in the in- 
vestigated part of the passage. 


The same formula may be expressed as ¥ = m~—s~ QoPoy 


where (Y, is the volume of the gas flowing through the pas- 
sage per second, and p, the weight of 1 cu. m. of gas at 0 
deg. cent. and 760 mm. pressure. 

The constant m which is a function of the physical prop- 
erties of the brick clad surface of the passage is the one 
that must in all eases be determined in order to make pos- 
sible the caleulation of the energy loss due to friction, and 
the author shows that m is the head in millimeters of water 
corresponding to the loss of energy due to friction, in 1 
second, of air at 0 deg. fahr. and 760 mm. pressure, mov- 
ing with a velocity of Im/see. (3.28 ft. per sec.) through a 
brick lined passage the area of the cross-section of which 


satisfies the equation: _* 1.293. If the passage is cir- 


w D 
cular, —> at te 1.293, and hence D = 5.172 m. = 16.967 


ft. In the case which was specially investigated by the 
author, m was found to be equal to 0.016, all the other units 
being metric, as stated above, and it appears that this 
coefficient may be used for general purposes of practical 
calculations (it was determined both experimentally, and 
by calculation). 
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CONCERNING THE BONE-SCHNABEL BoiLers (Zur Beurteil- 
ung der Bone-Schnabel-Kessel, G. Neumann. Stahl und 
Kisen, vol. 33, no. 47, p. 1929, November 20, 1913. 7 pp., 
2 figs. et). The author accepts neither the theory of ex- 
plosive waves of Jiiptner, nor Bone’s theory of catalyzing 
surfaces, nor the electrone theory of Carleton Ellis. The 
actual combustion in the tube ceases 20 em (7.8 in.) from 
the front opening, the rest of the tube serving simply as a 
heating space; in the preheater there is likewise no actual 
combustion, but heat transference only. At the same time 
it has been proved experimentally that it does not pay to 
have the tube filled only as far as actual combustion occurs. 
This fact, as well as the further fact that the distribution 
of heat in the surface combustion boiler is very like that in 
an ordinary boiler, make all of the above theories unten- 
able, according to the author’s opinion. As compared with 
other boilers, the Bone-Schnabel has the following particu- 
lars: (a) the presence of intentionally placed resistances 
in the path of the gas stream against which the gas must 
constantly impinge; (b) introduction into the stream of the 
gases of combustion of a second indirectly acting heating 
surface, namely, of the heat radiating surface of the pieces 
of porous material lying on the outside; (c) increase in the 
velocity of the flow of gases through decrease of the free 
section of the tube, caused by the introduction of the porous 
bodies. As the most important property of these boilers 
may be named their high heat absorption per unit of heat- 
ing area, as well as the high specific output combined with 
a low temperature of flue gases; attention may also be called 
to the completeness of combustion in the new type of 
boilers. 

As regards filling the heating tubes in the zone of com- 
bustion with porous granules, it certainly has in many cases 
a beneficial effect on the completeness of combustion. Most 
fuels, solid as well as liquid and gaseous, either contain 
initially or develop in the gasification preceding the com- 
bustion, a number of heavy hydrocarbons which in ordinary 
systems of firing leads to ineomplete combustion through 
formation of soot; in order that these hydrocarbons be fully 
burned, the temperature of the combustion must be so high 
as to cause their decomposition, a condition which is but 
seldom satisfied in the usual practice, but actually followed 
out in the Bone-Schnabel boiler. Owing to the fact that 
the heating tubes are filled with porous granules of a ma- 
terial poorly conducting heat, these tubes contain numerous 
hollow spaces protected, by the poor heat conductivity of 
the material, from radiation losses to the tube walls, and 
thereby permit the gases to burn at a high temperature, in 
thorough mixture with air, and therefore without soot for- 
mation. In addition to this, the thorough mixture of gas 
and air previous to the entrance of the combustible material 
into the combustion chamber very materially raises the 
velocity of combustion as well as its temperature, especially 
when the excess of air is as low as appears to have been used 
in the tests deseribed. Further, since the hollow spaces in 
the porous elements in the tubes do not form consecutively 
connected in one direction passages, the gases are compelled 
to impinge from time to time against the granules and to 
produce thereby violent eddy motion, which, in its turn, 
forees the particles of the mixture which have reached the 
zone of combustion first, to deflect towards the colder walls 
of the tube, and to drive inside, into the zone of combustion, 
the outer cold particles of gas. There occurs therefore, 
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first, a thorough and uniform combustion of the entire gas 
mass, and, second, a constant giving-up of heat from the 
gas particles to the tube walls. As regards the porosity of 
the granules, the author, in the case of the Bone-Schnabel 
boiler firing, does not attach to it much importance. The 
mixing of the air and gas may very well take place between 
the granules themselves, and not in their pores, which, if 
they were there initially, would soon be clogged up when 
certain kinds of gases are used (e.g., blast-furnace gas). 

According to published data, the specific evaporation of 
the Bone-Schnabel boiler is exceptionally high, being 80 to 
150 kg/qm (16.4 to 30.75 lb. per sq. ft.) as compared with 
the rate of evaporation of 40 kg/qm (8.2 lb. per sq. ft.) of 
the high duty boiler with ordinary firing (it must be, how- 
ever, borne in mind that the Bone-Schnabel boiler delivers 
only saturated steam, while the rate of evaporation for the 
high duty modern boiler refers to superheated steam). In 
addition to the high rate of evaporation, the Bone-Schnabel 
boiler is peculiar for the low temperature of its exhaust 
gases. 

Now, since it has been found that the evaporation in the 
Bone-Schnabel boiler is distributed in approximately the 
same way as in the ordinary boiler, it appears that all the 
parts of the heating surface, and not the zone of combus- 
tion alone, contribute equally to the larger heat transfer- 
ence, and it becomes of interest to establish the causes that 
permit the Bone-Schnabel boiler to generate twice to thrice 
as much steam as the usual high duty modern boiler. In 
the first place it must be remembered in this connection that 
in addition to the direct heating surface of the heating 
tube there is also an indirectly acting heating surface formed 
by the faces of the granules directed towards the walls of 
the heating tubes. The granules lying in the inner parts of 
the tube and protected from radiation losses, must have the 
temperature of the gases of combustion, while the faces of 
the granules directed towards the tube walls will have a 
temperature between that of the gases of combustion and 
that of the walls, the temperature of the latter granules 
being so high that the heat transferred to the indirect heat- 
ing surface from the gases of combustion should be equal 
to that radiated from the granules to the tube walls. While 
the temperature of the granules forming the indirect heat- 
ing surface, and the dimensions of the latter rcferred to the 
direct heating surface, cannot yet, through lack of sufficient 
data, be determined analytically, the author assumes that 
the value of the indirect heating surface is equal to one- 
half of that of the direct heating surface of equal area, and 
expresses therefore the total heating surface as 

H, = 1.5H, 
where H, is the direct heating surface (the heating surface 
of the tubes). 

Of still higher significance is, however, the fact that, 
owing to the contraction of the free section of the tubes 
as compared with that in ordinary types of boilers, the 
velocity of flow of the gases of combustion is many times 
higher. Nusselt and others have shown long ago that for 
an equal head of temperature between the heating sur- 
face and the gases of combustion, the heat transmis- 
sion per unit of time and area is proportional to the 
velocity of the flow of gas. Thus Nusselt has shown 
that when the velocity of the flow of gas has been increased 
from 11.89 m/see. to 27.2 m/sec., the heat transmission, per 
sq.m. of surface hour and deg. cent. of temperature differ- 
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ence, rose from 46.9 to 91.7 WE (185.7 to 363.1 B.t.u.), or 
about doubled. While these figures, whieh were derived for 
comparatively low temperatures, cannot be without further 
tests applied to the case of the far higher temperatures with 
which we have to deal in this case, it must be also borne in 
mind that the velocity of gases in the Bone-Schnabel boiler 
tubes is considerably in excess of 27.2 m/sec. (89.2 It. per 
sec.). Besides, the temperature of combustion, and there- 
fore also the average difference in temperature between the 
heating tubes and the gases of combustion is much 
in the type of boiler under consideration than in the usual 


higher 


boilers, and this again materially affects the rate of evapo- 
ration. Recapitulating all the above, one may assume that 
the higher gas velocity and difference in temperature at 
least doubles the heat transference to the heating surface, 
and since the heating surface itself, through the addition of 
the indirect heating surface, is one and a half times as large 
as in the ordinary boiler, the output of the Bone-Schnabel 
the 
3 times as large, and the above considerations ex- 
plain not only the higher output of the boiler, but also the 
lower temperature of its flue gases. 


boiler, as with must be 


2 = 


compared ordinary type, 


A Suggested Improvement in the Construction of the Sur- 
face Combustion Boiler. The great objection to the Bone- 
Schnabel boiler lies in the large amount of power consumed 
by the draft fan, and the author raises the question as to 
whether filling the tube with porous granules is really the 
best way to raise the efficiency of the boiler. In his opin- 
ion, in the Bone-Schnabel boiler not enough attention is paid 
to the distinction between what the zone of combustion and 
the heating zone proper have to do. The author has found 
that, in order to increase the specific heat absorption, it is 
of advantage to use high velocities of the flow of gas, as 
well as to build-in another indirectly acting heating surface 
which would take jup by contact the heat from the gases 
acting on the direct heating surface, and transfer it, by 
radiation, to the tube walls. This part of the problem is 
only imperfectly solved in the Bone-Schnabel boiler, since, 
in addition to conditions which require an excessive amount 
of power at the draft fans, a large amount of the heating 
material is cut off from the tube walls by poor heat econ- 
ductors, and thus prevented from participating in the trans- 
ference of heat. Further, even while through the above de- 
scribed eddy action, most of the gases do reach, at cne time 
or another, the heating surface of the tubes, the fact that 
the contact*between the gas and the heating tubes is not con- 
tinuous, is not of advantage, and the boiler would have 
shown a much lower efficiency if it were not for the fact 
that the velocity of the gas along the tube surface is vreater 
than in the other parts of the tube, and that therefore a 
larger part of the gas flows in direct contact with the tube 
wall. Instead, therefore, of shaping the tube as shown in 
Fig. 8 A, which is the Bone-Schnabel construction, the author 
recommends the design shown in Fig. B, with solid elements 
placed in the tube; by this means the free section is re- 
duced, the velocity of the gases of combustion considerably 
increased and a second heating surface created, acting in- 
directly, by radiation. With this kind of tubes the partial 
vacuum required at the boiler end is only a small part of 
that necessary with the Bone-Schnabel tubes (which means 
a saving in power at the fan), while the cleaning of the 
tubes is made much easier, a fact of importance especially 
when working with blast furnace gases. 
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per cu. ft. 


oke oven gas, heating value, 
3597 WE per cbm. 
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TABLE 2 


Per Cent 


CO. 
CO 


CH, 


H, 
0. 
N2 


0.025 
0.065 


0.260 


0.020 
0.480 
0.037 
0.118 


100 
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BONE-SCHNABEL BOILER WITH COKE-OVEN GAS FIRING 


0.025 cbm. CO, 
0.065 cbm. CO, 
§ 0.260 cbm. CO, 
(0.520 ebm. H,O 
{0.040 chm. H,O 
10.040 cbm. CO, 
0.480 chm. H,O 
0.037 chm. O, 
0.113 cbm. N, 
0.213 chm. O, 


CO, 0.390 * 0.395 =0.154 


Heat content of flue gases = 


Flue gas losses 


Radiation and conduction 


“Gross” efficiency 


0.343 =0.357 
373 X 0.284 =1.242 


140 
140 WE =— 


3597 


010 chm. 


1.753 X 80= 
3.9 per cent 


3.9 per cent 
2.5 per cent 
3.6 per cent 


100 per cent 


. 93.6 per cent 


“Thermo-technical” efficiency. . 


TABLE 3 


BONE-SCHNABEL 


5.2 per cent 


per cent 


.114 ebm. CO, 
.274 cbm. CO, 
040 cbm. H,O 
.572 cbm. N» 
.737 cbm. 
.039 cbm. O, 


44 WE=— =5.1 per cent 
861 


5.1 per cent 


§ 5 3 Per Cent 
CO, 0.114 0 
co 0.274 0 
N; 0.572 0 
& 
Fa 
Sas 100 0 
Of 
CO, 0.388 x 0.395 =0.153 
H.O 0.040 & 0.343 =0.013 
Heat content of flue gases =0.548 « 80= 
Flue gas losses................. 
Radiation and conduction losses.......... 


“Gross” efficiency....... 


’ 


‘*Gross’ 


efficiency 


Gas loss to driving the fan............... 


“Thermo-technical” efficiency......... 


—2.5 per cent 


92.4 per cent 


92.4 per cent 
7.1 per cent 


85.3 per cent 


> 


0.390 chm. CO, 
1.040 cbm. H,O 
4.373 cbm. N,+0, 


5.803 cbm. (1.61 cbm. of flue gases per 1000 WE =14.5 cu. ft. of 
flue gases per 1000 B.t.u 


Bosler output 3000 kg. (6600 Ib.) of steam at 100 deg. cent. from water 


at O deg. cent. 


3597 & 0.936 


Steam generation pér cbm. of gas = — =5.29 kg. (=0.329 
637 
lb. of steam per 1 cu. ft. of gas). 
3000 
Gas consumption per hour =~ =567 cbm. =20,015.1 cu. ft. 
oO. 
Flue gases per hour = 567 5.8 =3290 cbm. = 116,140 cu. ft 
29K 
Flue gases per second _ =(0.91 cbm. (15 deg. cent) =32.3 cu. ft. 


(59 deg. fahr.). 


1.17 & 550 & 10,000 


Fan power consumption = 
75 X 0.5 & 9450 


18.2 h.p. 


Steam consumption at the fan=18.2 K 9=164 kg./hr. =360 |b./hr. 
164 
3000 


=5.5 per cent. 


Corresponding gas loss for the fan=5.5 0.936 =5.2 per cent 


BOILER WITH BLAST FURNACE GAS FIRING 


0.388 CO, 
0.040 H,O 
1.348 N.+0, 


1.776 cbm. (2.06 chm. of flue gases per 1000 WE =18 cu. ft. per 
1000 B.t.u.). 


Boiler output 3000 kg. (6600 Ib.) of steam at 100 deg. cent. from water 
at 0 deg. cent. 


861 x 0.924 
98 kg. (=0.078 


Steam generation per cbm. of gas= ea7 
‘ 


Ib. of steam per 1 cu. ft. of gas) 


000 
= 2400 ebm. =84,800 cu. ft. 


3 
Gas consumption per hour =" 


Flue gases per hour = 2400 « 1.776 =4260 chm. =150,000 cu. ft. 


1.51 X 6 000 
Power consumption at the fan =— RR =25.7 h.p. 
75 X 0.5 & 9400 


Steam consumption at the fan=25.7 X 9=231 kg. =508.2 lb./hr. = 


231 
=7.7 per cen 


Corresponding gas loss for the fan=7.7  0.924=7.1 per cent. 


~ 
0 
= 
by 
H.O 
N.+0. 4 
— 
“Gross” efficiency............. — 
Gas loss to driving the fan............... [im J 
ty 
on 
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The author expresses some skepticism both as to the pub- 
lished data concerning the efliciency of the Bone-Sehnabel 
boiler (90 and even as high as 92.5 per cent), and the in- 
dicated exceptionally low values for the excess of air used 
(2 to as low as 0.5 per cent). As regards the latter, the 
author does not believe that the boiler can work economically 
with so low an excess of air, The heating value and chem- 
ical composition of the gas vary from time to time, and at 
the same time even with the best regulating devices it is 
hardly possible to keep absolutely constant at each second 
the ratio between air and gas admitted. The variation in 
the chemical composition of the gas is of great importance 
inasfar as it affects the excess of air requirements. Assume, 
e.g., that in coke oven gas the percentage of hydrogen in- 
creased at the cost of that of nitrogen and carbon dioxide; 
to produce complete combustion, the amount of air present 
would have to be increased, and if this does not take placé 
(and it will not, since the partial vacuum behind the air 
regulating valve does not change), there will be a certain 
amount of methane and hydrogen which will escape uncon- 
The 


losses in this case will be particularly large because, first. 


sumed (unless there is a large excess of air present). 


the volume of the gas flowing will increase on account of the 
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reduction of its specifie weight, and, second, as often hap- 
pens in practice, this condition may coincide with a rise of 
pressure in the gas mains. The Bone-Schnabel boiler re- 
quires therefore approximately the same excess of air, say 
15 to 25 per cent, that other boilers do. 

Tables 2 to 6 have been calculated by the author on the 
following assumptions. The the exhaust 
fan has to overcome has been assumed to be equal to 
550 mm of water in the case of a coke oven gas boiler and 
600 mm for a blast furnace boiler (an excess of air of 25 
per cent is assumed). The heating values and specific 
weights of the gases are taken from the German engineering 
handbook “ Hiitte”; the moisture in the air and gas is neg- 
lected throughout. In order to be on the safe side, a loss 
of 2.5 per cent due to unconsumed gas residue is assumed 
for the case of an ordinary boiler heated by coke oven gas. 
Table 6 shows that thermally the ordinary boiler is equiva- 
lent to the Bone-Schnabel boiler with blast furnace gas fuel, 
and slightly superior to it with coke oven gas as a fuel, 
this notwithstanding the fact that the values for the sur- 
face combustion boiler are the highest possible with an in- 
stallation and draft fan of great perfection, while the ordi- 
nary type of boiler may be improved, e.g., by elimination, 
in the case of coke oven gas fired boiler, of the 2.5 per cent 
loss through incomplete combustion of the gas. The situ- 
ation is still less favorable to the Bone-Schnabel boiler when 
the old and new types of boilers are compared from the 
standpoint of economic efficiency. Up to the present time 


resistance which 
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the first cost of the Bone-Schnabel boiler has been somewhat 
higher than that of a corresponding water tube boiler, and, 
in addition to that, the new boiler has been made so far 
only in comparatively small units, is diffieult to regulate 
with respect to load and does not produce directly super- 
heated steam; if auxiliary appliances for making the latter 
are introduced, then the slight advantage in space-demand, 
as compared with the water tube boiler, is entirely lost. As 
regards safety of operation, the author objects to the high 
specific duty of the heating surface, especially with regard 
to water cireulation, and the inaccessibility of the heating 
The final extraction of heat 
from the flue gases appear to be more economical when 


surface in contact with water. 


TABLE 4 ORDINARY TYPE OF BOILER WITH COKE OVEN GAS 


FIRING AS IN TABLE 2 


Per Cent 


Flue gas losses 1753x160 281 WE..... een me 7.8 
Radiation and conduction....... 3.5 
Unconsumed gas residues........ 2.5 
Steam consumption for suction draft 1.0 
“Thermo-technical” efficiency. . .. 85.2 
100 
TABLE 5 ORDINARY TYPE OF BOILER WITH BLAST FURNACE 


GAS FIRING AS IN TABLE 3 


Per Cent 


Flue gas losses 0.548 x 160 SS WE. 10.2 
Radiation and conduction............. 3.5 
Steam consumption for suction draft. es 1.0 
100 
TABLE 6 “THERMO-TECHNICAL” EFFICIENCY WITH DIFFERENT 
AMOUNTS OF EXCESS AIR 

(in per cent) 

Blast Furnace Gas Coke Oven Gas 
"ee 25 15 25 15 
Ordinary boiler............ 85.3 85.7 85.2 85.8 
Bone-Schnabel boiler...... . 85.3 86.2 88.4 89.1 
Difference in favor of the 

Bone-Schnabel boiler..... 0.5 3.2 3.3 
done in the preheater than in the boiler, so that :n this re- 


spect too the new boiler does not offer any particular ad- 
vantages. Even though many of these objections may be 
obviated by future improvements, the author believes, from 
his theoretical considerations, that the surface combustion 
is not likely to drive out of business the moderr. well kept 
boiler plant. 

CONCERNING THE TayLor System (A propos du systéme 
Taylor, Ch. Frémont. La Technique moderne, vol. 7, no. 9, 
p. 301, November 1, 1913. 7 pp., 10 figs. dh). From his- 
torical references quoted by the author it appears that care- 
ful tests in time setting have been made as far back as the 
seventeenth century, while Bélidor, an engineer who pub- 
lished a book on hydraulic engineering in the middle of 
the eighteenth century, gave in his work a time rate for 
driving piles exact to seconds, having, e.g., determined that 
to drive a pile 16 ft. deep into a certain kind of ground 
will require 185 min. 34 see. Dynamometers to measure the 
effort of a workman have been built by Leonardo da Vinci, 
and, of a more elaborate type, in the eighteenth century. 
As regards the present application of the Taylor system in 
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France, the author expresses the belief that the diflieulty les 
in the lack of engineers thoroughly trained in their spe- 
cialty, the eneyelopedic character of French engineering 
education being unsuitable for the formation of engineers 
possessing a complete knowledge of every detail of the oper- 
ation, such as the application of the Taylor system requires. 


ENGINEERING SOCIETIES 


AMERICAN GAS INSTITUTE 

Annual Meeting, October 1913 

Design of Surtace Combustion Apparatus, Charles Edward 
Lucke. 

The paper deals with the development by the author of 
practical gas-burning apparatus to utilize the process 
known as surface combustion. The new process involves 
the thorough pre-mixture of the air and gas in the propor- 
tlons necessary to supply exactly the required amount of 
oxygen tor the combustion reaction. ‘This premixture of 
air and gas ih combining proportions at once removes two 


important sources of loss in combustion: that due to excess 


Pos | 


{ 
1; 
Fic. 9 Tyre or Burner Usep ror Dererminine Size aNp Lenotu or Freep 


air and that due to incomplete combustion. Another ad- 
vantage follows, also, of no less importance in that it is 
possible to produce a large part of the heat of combustion 
in radiant form, the superior advantage of which has long 
been recognized by physicists. Since the air is supplied in 
correct proportions initially, the combustion is entirely in- 
dependent of the atmosphere into which the products dis- 
charge and can be earried on behind layers of solid granules, 
in the crevices between them, behind plates of any con- 
venient form, or with any similar devices, which thus attain 
the temperature of the products of combustion and radiate 
heat. 

Various problems are encountered in attempting to de- 
sign apparatus to accomplish surface combustion. Under 
the conditions the combustion is instantaneous and almost 
explosive with the result that the flame tends to travel in- 
stantly to the point of pre-mixture of the air and gas and 
thus away from the point of heat application. As a basic 
principle, the localization of the combustion zone must be 


attained by providing a means for delivering the mixture 
of air and gas to the desired combustion poimt at a rate 
higher than the normal speed of flame propagation in the 
mixture. This is accomplished by using small tubes or 
holes for the delivery of the mixture to the fire zone at a 
high velocity and an enlargement of the area near the fire 
zone in which the velocity of the mixture drops to that of 
the flame propagation. 

The line of development has been from the simpler appa- 
ratus consisting of narrow tubular passages with conical 


expanding openings at the ends for the flame zone, to more 


Fic. 10 First Desicn or Burner wita Muttiete Feep IN 
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elaborate devices embracing means for more positively local- 
izing the zone of combustion in the form of baffles of such 
formation as to assist the spreading of the mixture streams 
beyond the polit of high velocity supply; these take the 
form of refractory granules so arranged in the expanding 
combustion zone as to counteract the natural tendency of 
gas jets to remain intact and resist sidewise expansion, and 


by means of this combination, it is possible to secure a very 


Fic. 11 Top Vrew or First Successrvt Cook Stove Burner M 
ORIFICES 


high degree of incandescence, higher in fact than is possible 
by any other means using air and the same gas. 

The investigations show that the baffling material should 
consist of pieces of not less than about 4% in. diameter and 
that the feed orifice should be in refractory material since 
if metal is used there is a tendency to heat and pre-ignition 
may occur. The feed passages should be of uniform bore 
and of a diameter corresponding to their length. For in- 
stance, a 1/16-in. feed hole 14% in. long was operated in- 
definitely with a supply pressure of the mixture as low as 
0.2 in. of water; and similarly a 1-in. hole 6 in. long could 
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be operated indefinitely with a supply pressure of the mix- 
A 7/16-in. feed hole allowed 
the flame to flash back to the mixing chamber with a supply 
pressure of 11 in. water pressure, even when increased in 
length to 15 in. 

The second important problem is the control of heat gen- 
eration so that the burning mixture may be distributed over 
surfaces as large or small as demanded and of the required 
degree of ineandescence. In an 


ture at l-in. water pressure. 


effort to determine the 
maximum possible rate of combustion over a given area, a 
burner with an area of surface of only 6 sq. in., Fig. 9, 
was tested with different combinations of feed holes and 
supply pressure with remarkable results; beginning with a 
single feed hole 5/16 in. in diameter, the trials were carried 
to a combination of four feed holes and a supply pressure 
of 1045 in. of water, which corresponded to a rate of eom- 
bustion of 2460 cu. ft. of gas per sq. ft. of bed per hour, 
with a corresponding calorific value of 1,584,000 B.t.u. per 
hour per sq. ft. Even with this there was no indication that 
the limit of rate had been reached, but this rate was so high 
as to give trouble with the available refractory materials at 
hand. The conclusion was that rates of combustion higher 
than have ever been known before are easily obtainable, 
and higher, in fact, than any refractory material in com- 
mon use can resist. 

A greater difficulty, however, was experienced in deter- 
mining the form of apparatus and conditions necessary to 
secure low rates of combustion over a bed with uniform 


ineandescence at the surface. The lower the supply pres- 


sure of the feed mixture the closer the combustion surface 
will locate to the feed hole with corresponding tendency of 
the flame to flash back to the mixing box. 


Fig. 12 ImMprovep Form or Burner with Feep Howes so FormMep as EFrect- 
IVELY TO PRevENT Back HEATING 


An arrangement of multiple orifices was finally adopted 
with feed tubes extending through a considerable depth of 
the refractory lining of the hearth and so spaced as to give 
the heat distribution desired at the available pressure. Back 
heating was controlled in the burner of this design by ar- 
ranging the feed holes through the refractory lining so that 
they radiate from practically a center at the feed box to 
points of even distribution over the fire bed and such a dis- 
posal of the burner casing around the lining as to facilitate 
the radiation of heat from the lining at these points to the 
atmosphere, Figs. 10 and 11. 

From the large number of burners that were built and 
subjected to practical tests, a design was finally evolved 
which differs from that above described only in that the 
multiple feed holes pass down from the lining into and 
through separate legs or stems formed in the base of the 
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iron burner casting, from which free radiation of heat to 
This form of burner, Figs. 12 
and 13, provides sullicient cooling of the feed holes to render 
a flash-back practically impossible. 


the atmosphere is possible. 


The third important division of the problem is the matter 
of control and adjustment of radiating surface, namely, the 
provision of means for adjusting the rate of combustion 
of any burner from minimum to maximum, and to operate 
safely and surely with one adjustment no matter what the 


Fic. 13 View or Improvep BuRNER SHOWING ARRANGEMENT OF INDIVIDUAL 
Srems to Errecr Positive Coouine or Feep Hoves 


The 
of control of rate of combustion depends primarily on the 


previous adjustment or the time of operation. range 
size of feed holes and on the effectiveness of cooling them 
by radiation of heat from the metal casing. With 
1/16 in. in diameter in cook stove top burners, broilers and 
room heaters, it was found that they can be safely operated 
at 0.2 to 0.3 in. pressure and that at least as great a range 


holes 


of adjustment can be obtained as is possible with the Bunsen 
The time 
of heating is likewise within control by varying the thiek- 


burners of the ordinary form without flash back. 


ness of the bed of refractory material. 

The experiments led to the development of the successful 
form of quick heating top burner which becomes inean- 
descent at the normal rate of combustion in about half a 
minute, and it is doubtful whether this time can be reduced, 
since a limited amount of heat storage is necessary to re- 
sist the effect of spilling water or grease upon it, and for 
intermittent work such as heating laundry irons, which may 
absorb heat for a time faster than generated. The burner 
is formed by countersinking the outlet side of the 1/16-in. 
feed holes to 1% in. and filling the conical holes thus formed 
with silica in sizes from 5/32 to 1% in. and aso covering the 
entire hearth to a depth of about 14 in. 
Fig. 14. 

A fourth problem relates to the development of the neces- 
sary auxiliary apparatus for operating the burners, such as 
supply cocks, pressure-regulating valves, ete. For the sur- 
face combustion burner, two valves are necessary tor prop- 
erly adjusting the ratio of air to gas, and as it is unde- 
sirable to place the control of two such valves in the hands 
of inexperienced operators, a double ported mixing valve 
has been developed as is shown in Fig. 15, in which is pro- 
vided a single handle that controls both gas and air pres- 
sure supplies, and also means for the adjustment of the air 
opening for proper proportionment of the ratio of air to 
gas. This latter is accomplished by the hand wheel at the 
bottom of the valve which adjusts the air plug axially and 
so varies the opening of the air port. 

An essential for satisfactory working of a double ported 


as indicated in 
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cock of this type is equality of pressure of both air and gas 
and to provide for this, a diaphragm regulator was found 
necessary in order to avoid serious interference with the 
mixture proportions due to exeess of pressure on one side 
or the other. The regulator is so constructed that the pres- 
sure of the gas is utilized to manipulate a damper valve in 
an air supply connection, by means of which increase of 
pressure in the gas opens up the passage in the air connec- 
and 


tion vice versa. 


The elliclency of surface combustion appliances compared 


with Bunsen type burners varies with conditions and for 
ll 
| | | 
4 
Fic. 14 Mopiricarion or ImMprovep Typt or Burner THAT ALLOWS QUICK 


InitiaL HeatinG 

this reason the author gives figures based on a limited scope 
of experiments confined to domestic appliances operating 
on city gas, all of which were formed by removing the Bun- 
sen burners from standard commercial appliances and sub- 
stituting the surface combustion burners. Top burners were 
tested by observing the consumption and time to raise a 
weighed body of water from an initial low temperature up 
to 200 deg. fahr. with fire beds of various materials and 
thicknesses, different sizes, shapes and materials of vessels, 
differing distances between flame and vessel, on all sorts of 
gas and mixture pressures, etc. It was universally found 
that with eonditions as nearly identical as possible, the sur- 
face combustion burners will accomplish an equal amount of 
heating with less gas than the Bunsen burners, although the 
relative economy seems to be dependent upon the construc 
tion of the burner, the stove and the water vessel. 

In one series of tests, a surface combustion burner, with 
434 in. hearth with 5/16 to 3 in. refractory material, 1% in. 
deep, and covered at the edges by a cast-iron ring with vents 
between it and the vessel, was tested in comparison with a 
Bunsen burner of standard construction consuming 15 cu. 
ft. of gas per hour. In both cases these burners were turned 
down to a simmer, and it was found that the consumption 
of gas necessary to keep the water just below boiling point 
was 5.2 cu. ft. per hour for the Bunsen burner and 2.42 

ft. per hour for the surface combustion burner, a ratio 
of 2.15, 


and a surface combustion burner with a thick silica bed sur- 


In another series, with a standard Bunsen burner 


face, the ratio of consumption of the gas varied between 
1.71 and 1.75. In the latter, when by a slight change 
the burner was converted into a quick heating design, the 
ratio was raised to 1.80. In numerous other tests, this ratio 
decreased according to conditions, and in one case went as low 
as 1.2, but in all cases of these low ratio results, it was found 
that the surface combustion burners were either of inefficient 
design for the purpose or improperly applied; under favor- 
able conditions involving the application of an efficient type 
of burner and the most advantageous conditions of transfer 
of heat to the vessel it was found that the surface combus- 
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tion appliances operated with a consumption of gas about a 
one-half that of the standard Bunsen burner when under : ae 
continuous operation. For intermittent work the saving is ie 
not nearly so favorable. a 


With this system, however, the cost of operating the fan 
for producing the air pressure must be taken into account. 
Assuming the case of a domestic range with a burner operat- 
ing 3 hr. per day and 300 days per year, at an average rate of 
ov eu. ft. per hour, the surface combustion burner operating 
at an average saving of 40 per cent over a corresponding 
Bunsen burner, would effect a saving in cost of gas of ap- 
proximately $30 per year. The cost of operating the fan 
under the most unfavorable and ineflicient conditions would 
not greatly exceed #8 for 900 hr. of operating for the vear. 


This makes the net saving in operation about #22 per vear. 
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Painting Structural Steel: The Present Situation, A. H. 
Sabin (Abstracted ) 
Stresses in Wedge-Shaped Reinforced Conerete Beams, W. 
Cain 
PAINTING STRUCTURAL STeEL, A. H. Sabin (6 pp., to be 
presented at the meeting of the Society January 7, 1914. 
p). After several attempts to classify paints, a committee 
of tive chemists from different parts of the United States, 


with the approval ot the American Society for Testing Ma- 
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terials, made a series of tests of the principal pigments, and 
of some other substances, on steel immersed in water, and ar- 
rived at concordant results. In the report of this committee the 
pigments were classified, according to their water value, into 
three groups, namely, inhibitors, indeterminates, and stimu- 
lators. While it was expressly stated in the report that 
this was a classification as regards water only, the names 
(partly through ignorance, partly owing to their apparent 
convenience for advertising purposes) came to be widely 
used to classify pigments in oil, which is misleading, since 
any classification of pigments in oil should be based on their 
behavior in oil, usually radically different from that in 
water. 

The important practical question is whether paints have 
been or can be improved as to being non-porous and dur- 
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able. This is essentially dependent on the relation between 
the pigment and the oil. As to the true nature of this 
relation, very little is known; but something is known about 
its visible manifestations. Thus, 1 lb. of dry red lead mixed 
with 14 lb. of oil makes a paint of ordinary consistency, 
but a pound of dry lamp-black requires many times as much 
oil; white zine takes twice as much oil to make a paint as 
white lead, the latter in its turn taking nearly twice as much 
as red lead. While these facts are known, there is no in- 
formation as to why it is so. As to red lead paint, it is 
now known that its value depends on the quantity of red 
lead proper it contains, as compared with that of litharge. 
Coarse red lead always contains litharge, because the litharge 
in the middle of a large particle is never oxidized. Manufac- 
turers are therefore grinding their litharge to an impalpable 
powder before roasting it, with the result that now paint with 
94 per cent of true red lead is on the market. Unlike the 
old paint which worked with difficulty and unevenly in ap- 
plication, the new article is inactive in oil, and brushes out 
smoothly like a house paint. This enables the painter to 
cover 50 per cent more surface with the same quantity, 
and still get a coating of uniform thickness which gives 
more protection than the thin portions of the paint for- 
merly used. In addition to economy in the cost of paint 
and labor, there is the further advantage that less skill is 
required and therefore a lower salaried man may be em- 
ployed. 
be thinned with more oil; such a paste keeps for a year or 
more, and gives a better mixture than hand-mixing, as well 
as eliminates the presence of a dusty pigment. Such red 
lead dries more slowly than the older kinds, but this can 
be obviated by the use of a little japan drier; only 1 pint 
of drier is needed to make 1 gallon of mixed 94 per cent 
red lead, anything above that proportion being excessive and 
objectionable. 


Red lead paint is now offered as a paste ready to 


Important work is also going on with respect to standard- 
ization in the use of linseed oil, specifications having been 
adopted by the American Society for Testing Materials for 
North American raw linseed oil, which is of better quality 
than that made from South American seed. From tests 
made by the American Society for Testing Materials on 
the Havre de Grace bridge, the author concludes that the 
durability of any good paint may be increased one-half, and 
probably doubled, by proper care in its use as compared 
with average practice. 


AMERICAN SOCIETY OF NAVAL ENGINEERS 
Vol. 25, no. 3, August 1913, Washington, D. C. 

U. S. S. “Cassin” and “Cummings”: Description and 
Trial Performances, Henderson B. Gregory 

The Saving of Heat Units in Marine Machinery, Henry C. 
Dinger (Abstracted) 

Chemical Indicators in Volumetric Work: Preparation of 
Normal Solutions, and Determination of Chlorine in 
soiler Water, H. T. Dyer 

The United States Naval Engineering Experiment Station, 
Annapolis, Md., E. J. King 

Description of Niirnberg Two-Cycle 450-B.H.P. Heavy Oil 
Engines, Louis Shane 

An Analysis of Crankshaft Stresses: Determination of 
Stresses in Two- and Three-Bearing Four-Cylinder 
Crankshafts, K. W. Najder 

Tue Savine or Heat Unirs Marine Macuinery (p. 

379, 22 pp., 2 figs. cd). From data based on trials of the 

Delaware, Michigan, Utah and Florida, the author advocates 

the combination of reciprocating engines for the high pres- 
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sure end and turbines for the low pressure end, with reheat- 
ers and series feed heaters as an additional means of saving 
heat. By the combination of reheaters and series feed heat- 
ers a reduction in the average fuel consumption of from 
5 to 10 per cent can be made, at a cost and added weight 
that, considering total weight and cost of plant, is almost 
negligible. In the future, the author expects to see electric 
motor drives on the shafts with the current supplied partly 
by Diesel engines and partly by steam turbines, with sev- 
eral generating units of each type. The exhaust trom the 
oil engine could be utilized to assist in the generation of 
steam in the boilers, and the feed water for boilers might 
be used as the cooling water for the oil engine. Such a com- 
bination, in addition to its high economy, would enable the 
propellers to be operated by either the oil engine or the 
steam turbine. This requires, however, an entirely reliable 
engine that can be operated satisfactorily on ordinary fuel 
oil, either asphalt or paratline base. The heat requirements 
of the auxiliaries are fully discussed. 


ENGINEERS’ SOCIETY OF WESTERN PENNSYLVANIA 
Vol. 29, nu. 7, October 1913, Pittsburgh 

The Use of Pulverized Coal in Metallurgical Furnaces, James 
Lord (Abstracted) 

Composition Flooring, H. M. Hooker (Discussion ) 

THe Use or Putvertzep IN METALLURGICAL 

NAcCES, James Lord (53 pp., 7 figs. deA. 

raphy of the subject attached). Pulverized coal has been 

used now for more than ten years. 


FuR- 
A short biblog- 


From the first it was 
apparent that its economical use depended upon the abso- 
lute control of the feed by the burners. Suecess in the use 
of this fuel requires (a) that both the free and combined 
moisture be expelled by artificial heat, down to 0.5 per 
cent; (b) that at least 95 per cent of the pulverized matter 
should pass through a 100-mesh sieve, and over 80 per cent 
through a 200-mesh sieve. The delivery to the furnace must 
secure proper feed, and when used in metallurgical furnaces, 
the coal should have a high volatile content. The equipment 
of the Lebanon plant of the American Iron and Steel Manu- 
facturing Company is such that the slack coal is conveyed 
automatically from the coal to the pile, then taken by serew 
conveyors to the dryers, and in the same manner from the 
dryers to the pulverizers. It is not touched by hand or 
shovel from the freight car to the furnace. At the end of 
each line, there should be an overflow pipe to prevent the 
coal from choking up the serew, if anything should happen 
to the crosslines. Otherwise should the coal overflow near 
an open fire, it will burn back very quickly. To each of the 
furnaces is attached a hopper carrying about 15 hours’ sup- 
ply of pulverized coal. On several occasions the fuel has 
ignited in these hoppers, but it was only necessary to stop 
the supply and to feed the burning coal into the furnace 
until the tank was emptied. There is no danger of explo- 
sion under these conditions, and during the entire experience 
of the author with this fuel he has had no explosions. 
Proper attention to the pulverizing plants and machinery 
will eliminate the only possible danger from coal in suspen- 
sion in a room coming into contact with flame. It is, how- 
ever, dangerous to have the dryer in the coal pulverizing 
house, for the reason that if an accident should oceur, caus- 
ing the coal to overflow, it might be drawn into the fire 
chamber of the dryer with possible injury to employes. 
Further, the department in which the coal grinding is done 
is usually dangerous, for it is almost impossible to grind 
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coal without having dust escape, but a change of air should 
minimize the possibility of explosions, which ean also be 
achieved by the use of exhaust fans. 

As regards the grade of coal that can be used, coal piles 
are not suitable, as they are mostly anthracite and dirt. 
The great difficulty of low-grade coal is the deposition of 
slag, which requires frequent opening of the furnace front 
to attempt removal, which is not always so easy. The best 
coal obtainable should be used, at least until all the details 
of operation have been fully pertected. 

As to the need for drying coal, the author states that dry 
coal is very desirable, but it matter of first cost; and 


is a 
with limited capital for first installation, wet coal 


Where it is 


may be 


used successfully. used, an igniting flame is to 


be ided. 


Design of Furnaces using Pulverizing Coal. The first es 


sential of a pulverized coal furnace is a large combustion 


TABLE 7 COST OF PULVERIZING COAL 


per Kw-Hr Labor & 
Capacit Pig! 
Coat Men Cost 39 
Hours 
per at $2, per 
Total per = 
Ton, per Pon 
or 
Cents Day Cents 
2 95 15 22 5 11 25 l 10.00 3.33 | 24.58 
3 95 60 200 10 00 6 65 20.88 
4 95 75 19.0 9.50 1 5.00 1.70 16.20 
5 95 85 17.0 8 50 1 4.00 120 13.70 
10 95 170 17.0 8.50 1 2.00 1.20 11.70 
25 95 4125 17.0 S50 2 1 70 120 11.40 


space, where the tlame can about four times the 


occupy 


volume of the flame produced by an ordinary grate fire. 
This entire combustion space must be free from any metallie 
cooling surtace, which stifles the flame and stops combustion. 
Any mechanism which will give a uniform mixture of coal 
and air with both under control can be used for feeding pul- 
verized coal. Powdered coal flushing must be guarded 
against, sinee this kind of coal will run almost like water. 
The serew feeding the coal, however, is usually made very 
long, so as to introduce enough friction to keep back the 
flush of coal. The air used in the pulverized coal burner 
has been greatly reduced from 20 Ib. on cement furnaces of 
the early days to about 12 oz. on metallurgical furnaces. 
Powdered coal is very destructive to the life of the furnace, 
owing to the tendency of concentrating the heat in an action 
similar to that of a blow-pipe, the wearing effect being due 
to the impingement of the coal, and the tendency of the ash 
and brick to flux together. The later designs of furnaces 
prevent this somewhat by the use of low-pressure air intro- 
ducing the coal at a very slow velocity, and spreading the 
flame over as large an area as possible. 

As to economy, the economy over oil is fully established. 
As compared to producer gas, it is expected that equal econo- 
mies will maintain. Where checker work and ash troubles 
are objectionable, producer gas will be preferred, but where 
the ash can be taken care of, there seems to be a saving by 
the use of pulverized coal amounting to about 25 per cent. 

In the diseussion which followed, H. R. Barnhurst of the 


Fuller Engineering Company described the two methods 
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by which pulverized coal may be burned. The first 


called “the long flame method.” It is a progressive burn- 


ing of the coal aracter olf the work and 


vated 


used where the 


form of turnace demand that the tlame shall be elo: 
so that the heat may be developed in close proximity to the 
work done, and not conveyed by gases from the initial point 


The high 


of burning. 


of firing. velocity air jet is used with this method 


The second method involves a shorter flame and lowe 
velocity, both of air and coal. It has less cutting action 
upon the charge or brickwork, and the fuel burns close to 


the nozzle developing through the whole fuel 
instantly. The second method has been the latest de eloped, 
and appears to be the most promising. 

The long flame method ts employed in the cement kilns, 
but is not adapted to the various heating furnaces, nor to 
use under boilers. The speaker gave a very interesting table 
of caleulated temperatures attained in burning carbon which 
showed that with slight excesses of air, temperatures in close 
proximity to 4000 deg. fahr. may be attained. He also gave 
step by step the mechanical processes ol pulverizatior ° 

low far savings may be obtained by the use of pulver- 
ized coal was shown by E. W. Shinn, who stated that the 
American Iron and Steel Manufacturing Company was in- 
stalling a plant in connection with open-hearth furnaces 
which were now using oil as a fuel, and where a $32,000 in- 
vestment would save $100,000 per year. 

A. W. Raymond gave some interesting data on the cost of 
pulverizing the coal gained from experiments and tests of 
several large users, for which see Table 7. This table shows 
that the larger the quantity of coal handled in the milling 
plant, the smaller the cost per ton for pulverizing, which 
applies to all other operations as well. The total cost for 
preparing the coal in a plant having a capacity of 5 tons 
per hour or more will not amount to over 35 cents per ton 
{the speaker gave in detail how he arrived at this figure) 
and in a great many cases in the cement industry in the 
United States this has been brought as low as 28 cents. 
Shinn stated 


that it was applied to boilers by the American Iron and 


Use of pulverized coal under boilers. FE. W. 


Steel Manufacturing Company, but the boiler settings were 
not altered to suit that changed requirement, and conse- 
quently the conditions were not of the best. They succeeded 
in evaporating about 8% Ib. of water per Ib. of coal 
used. 

A. Stucki stated that a loeal plant obtained an actual 
evaporation of 10% lb. of water per pound of pulverized 
coal. He made an investigation of a plant in the Pittsburgh 
district which started to use pulverized coal, and found the 
fuel economy good; there was absolutely no smoke, but nev- 
ertheless the system was soon abandoned. The reasons for 
doing so were as follows: The heat which was obtained by 
blowing the coal dust from opposite sides, and letting the 
two flames meet in the center of the firebox, was very in- 
tense and very hard on the firebox lining and the firebox in 
general. The first cost of the dryer, the mill, the blowers, 
the conveyors and the feeding apparatus was considerable. 
Large additional floor space was needed, while the upkeep 
of all this additional machinery was considered unfavorable; 
the power necessary to drive the additional machinery was 
about 5 per cent of the power produced. Finally, the dan- 
ger of leaks in the conveyors and consequent danger of ex- 
plosions was also considered objectionable. 
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INSTITUTION OF ELECTRICAL ENGINEERS 
Vol. 51, no. 220, June 1913, London 
Power Supply on the Rand, A. E. Hadley (Abstracted) 
Independent Steam Condensing Plants, W. A. Dexter 
Air-Cooled Jacketing in Hollow Walls by Electrie Fans, 
J. W. Mears 
Power SUPPLY ON THE Ranp (p. 2, 56 pp. d). Deserip- 
tion of the power generating system of the Victoria Falls 
and Transvaal Power Company, Ltd., operating both hydro- 
electric and steam power, and selling compressed air in ad- 
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Values of Q, + Q, (=n) 

Fic. Vatves or m Givinc Loss 
dition to electric power. The Prat ejector system of induced 
draft is used throughout, adjacent boiler units being con- 
nected to a common ejector chimney, the top of which, in 
the Rocherville station, is only 90 ft. above the boiler house 
floor; an electrically-driven rotary fan blows cold air 
through the ejector chimney, thereby producing the neces- 
sary suction in the flues, with a torpedo-shaped damper in 
Although 
a small coal mixed with duff produced by the coal cutters is 
Babcock & Wilcox 


marine type boilers with chain grate stokers are used, each 


the air-pipe regulating the pressure of the air jet. 
used, the plant is absolutely smokeless. 


having an integral superheater and economizer. 

As the consumers participate in the profits, they have at 
definite periods a right of access to the books in order to 
determine the cost of a unit of power. The form in which 
the returns from each station are made, is based upon the 
underlying idea of energy expressed in kilowatt-hours. The 
energy value of each pound of coal, usually expressed in 
B.t.u.. is converted to kilowatt-hours by multiplying by 
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0.000293; thus a coal of 11,300 B.t.u. per Ib. has a value 
of 3.3 kw-hr. per lb. In a similar manner the energy in 
calculated Mollier’s steam the 
boiler efliciency being the ratio of the kw-hrs. in the steam 
(less the energy supplied from the hot well) to the kw-hr. 
in the coal. 


the steam is from tables, 


Other efliciencies are ealeulated in a similar 


manner, 


The compressed air system, probably the largest of the 
kind in the world, is described in detail, as well as the air 
meters and measurements adopted. Compressed air is sup- 
plied to the various mines at an average pressure of 100 Ib. 
per sq. in. delivered on the consumer's property; the maxi- 
mum load is nearly 60,000 kw.; the distance between two 
extreme mines served by the air-pipe system is approxi- 
mately 14 miles, with the diameter of the pipe varying from 
24 in. to 9 in. The air is supplied by two groups of com- 
pressors, one steam-driven, and the other eleetrically driven. 
At first it was feared that, with such large compressors run- 
ning in parallel on a common pipe system, the machines un- 
less automatically controlled, would tend to hunt with a 
variation in load; actually, however, only one or two cases 
have been recorded of a compressor dropping out to atmos- 
phere, and even this was due to abnormal disturbances in the 
electric supply system, while the steam driven compressors 
lave operated satisfactorily from the start. As to losses, 
tests have shown that of the units of air sent out, 95 per cent 
have been recorded at the consumers’ meters, 3 per cent 
have been lost in transmission, and 2 per cent unaccounted 
for. The drop in pressure to the various mines varies with 
the distance and size of pipe, but the average pressure drop 
is not more than 6 lb. With a monthly air load factor ot 


50 per cent, the plant appears to be a suecess financially. 


INSTITUTION OF MECHANICAL ENGINEERS 
No. 2, 1913, London 
Some Effects of Superheating and Feed-Water Heating on 
Locomotive Working, F. H. Trevithick and P. J. 
Cowan. 
The Design of Volute Chambers and of Guide-Passages for 
Centrifugal Pumps, Professor A. H. Gibson (Abstracted ) 
An Improved Governor for Water Turbines, Perey H. Pit- 
man 
An Electrical Measuring Machine, P. E. 
Tue DESIGN OF 
SAGES FOR CENTRIFUGAL Pumps, A. 
pp. etd). 
from recent 


Shaw 

VoLtute CHAMBERS AND OF GurpE-Pas- 
H. Gibson (p. 519, 45 
The paper is based mainly on data obtained 
College, Dundee. 
The author in another publication has established the fol 


experiments at University 


lowing formula for the loss at impact of impinging streams, 
only one of which is deviated by the impact 


loss = "Vey per 1] 
oss== 29 -lb. per lb....[1] 


where v, is the velocity of the primary (undeviated) stream; 
A, area of the same stream; v, velocity of the impinging 
(deviated) stream, and A, its area; 6 angle of impact; m = 
A,:A,, and n = Q,:@Q., the latter being the volumes, in cu. 
ft. per see., conveyed by the two streams. 
experimentally also that the old formula 


(v,sin®)*+ (v,cos#— v 


loss =— —— ft-lb. per Ib... . [2] 


The author found 


* 


What follows is based on the assump- 


is quite inaccurate. 
tion that the state of affairs during the impact of each of 
the streams leaving the impeller of a pump is analogous to 
that in a single stream impinging under the same conditions 


4 
ee 

at 
‘J 

4 + 4 + 4 + + t 

4 
| 

O=/5--. 
| 
a 

+ + + + + + 4 + 4 
} | 
| 
| | 
: 
Z 
+ + + + + + + + 
| | 

j 


ENGINEERING 


as to direction and velocity. If vq ve the velocity of flow 
along the discharge pipe of a pump, and the loss of energy 
proportional to (v,— va)” be also taken into consideration 
(experiments on flow in diverging passages have previously 
established that if the sides in a cireular pipe diverge at 
an angle of 6 deg., the loss of head ineluding friction is 
about 0.15(v,—va)*:2g, and is greater for angles greater 
or less than 6 deg., amounting to 0.15(v, — va)*:2g for usual 
angles of divergence in the volute chambers of pumps) ; let 
further v,: vg = 3.85, which is in close agreement with prac- 
tice, then the total inerease in pressure energy after leaving 
the impeller is given by: 
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where m is the ratio of the cross-sectional area of the volute 
at the point under consideration, to the area of the stream 
leaving the impeller, and the values of a and b are given by 
the formulae: 
m m m 
It the ratio Y,:Y, (= n) be known, the known values ot 
a and b enable the value of m for maximum gain of pressure 
to be caleulated by successive approximations. To facilitate 
the solution of practical problems the range of values of 
# trom 0 to 20 deg. and of m from 1 to 28 have been ex 


amined in this way, and it appears that the value of m for 
maximum gain of pressure is given with a close degree of 
accuracy by the relationship: 

m = 1.10 + 0.14n? + [5] 
where # is expressed in degrees. The best values of m for 
different values of n and 6 are shown graphically in Fig. 16 
A, while B shows what fraction of the kinetie energy of dis- 
charge is converted into pressure energy with these best 
values of m. 

In the volute chamber, Fig. 16 C, let @ be the angle of im- 
pact of each of the discharging streams; NV number of vanes 
or passages in the impeller; ¥ their discharging angle; r the 
radius, and b the breadth of the impeller at its outer periph- 


ery. The effective area of each of the impinging streams, 
2trb 
normal to its direction of flow, is > sing (neglecting the 


space occupied by the vanes), and the area of the volute at 
this point for minimum loss is 
y elfective discharge area of each passage) m 

m being that of formula [5], or of the curves of Fig. A. 
From an examination of curves Fig. B, and a table showing 
the proportion of kinetic energy of discharge which may be 
converted into pressure energy with a volute of best form, 
the author deduces that in a pump of this type, the smaller 
the number of vanes, the more eflicient the corresponding 
volute, and other things being equal, the pump also, with 
the qualification that too few vanes give insufficient guid- 
ance to the water, and increase the tendency to the forma- 
tion of cireulatory currents behind the discharging edge 
of each vane. The author supports this view by referring 
to the Wiseonsin experiments (Bulletin, University of Wis- 
econsin, 1907, No. 173). 

The experiments at University College, Dundee, were 
made with a pump having a single encased impeller of 
diameter 13.5 in.; breadth 0.5 in.; ¥ = 30 deg.; having ten 
vanes and designed to discharge 425 gal. per min., at 1250 
r.p.m., against 85 ft. head, and cireular section of volute 
as shown in Fig. D. The cross-section was varied, first, by 
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filling in the spaces S,S, by plaster of paris (experiments 
a), and then by filling up the space S, with a wooden strip 
bent to shape (experiments b and c). ‘The areas of the 
volute at sections A, B, C. D (Fig. C), 90,180,270,360 deg. 
from the cutwater respectively, are given in Table 8. Vo- 
lute a forms a fair approximation to the caleulated best 
form; the original volute is of good proportions towards the 
outlet D; b is of good form about B, but restricted in area 


Fic. 16B Proportionat Conversion or Kinetic To Pressvure ENERGY 


Fic. 16C CHAMBER 


over the latter half of its length; ¢ is still more restricted, 
while d is considerably smaller throughout than the an- 
alysis calls for. The results of elliciency tests with these 
volutes are shown in Fig. E: @ inereases the maximum 
overall efleiency of the pump, as compared with the origi- 
nal volute, by approximately 6 per cent, the efliciency being 
generally inversely proportional to the difference between 
the actual form of the volute and that indicated by theory. 

The author further compares modern types of volutes and 
those designed by his analysis, and shows that the most 
efficient pumps are those showing the closest coincidence be- 
tween the values calculated and the actual proportions of 
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volute. In general, he found that the volutes were too large 
for maximum etliciency. It appears further that, as far as 
the conversion of energy was concerned, a simple pump of 
the type described was inherently less eflicient than a tur- 
bine pump in which the effective number of vanes was equal 
to that number discharging into each of the guide-passages. 
This disadvantage might be reduced by a series of guide- 
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Fic. 16D Vo.vute Usep ror THe EXPERIMENTS 
Fic. 16E Resvuits or Erricrency Tests wits DirrereENtT VOLUTESs, DUNDEE 
EXPERIMENTS 


vanes in the volute (Fig. I), which could be of sheet metal 
bent to shape and cast in position; they would not cost 
much, and would inerease the possible conversion of energy 
roughly by 100 per cent. 

As to the best form of section for the volute, the author 


recommends an of a chamber with parallel 


’ 


arrangement 


Fic. 16F Vo.vure with a Series or GuipEs 
Fic. 16G Secrion ror VoLutTe, STRAIGHT SIDES INCLINED OUTWARDS AT 
22.5 Dea. 


sides of the same width as the impeller. It could also be 
easily machined, and the addition of guide vanes would be 
comparatively simple. With small pumps, however, it would 
have a comparatively small hydraulic depth, and its fric- 
tion losses would on this account tend to be high. Experi- 
ments on diverging passages indicate, however, that fairly 
good results could also be obtained in the average pump 
with straight sides inclined outwards at about 22.5 deg. 
(total included angle 45 deg., ep. Fig. G); with this form 
of section the outflowing streams diverge at about the best 
angle when moving with their highest velocity, while the 
interior surfaces can be smoothly finished off with little dif- 
ficulty. With either form of section, with the best areas 
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the velocity in the volute is usually from three to tour times 
that permissible for flow through the discharge pipes, and, 
to utilize as 


much of this kinetie energy as possible, the 


connection between the volute chamber and discharge pipe 


should be made by a tape pipe having walls diverging at 
Fig. C. 
is also discussed in detail. 


which followed, A. Marshall Attack ob- 
jected to the treatment of the theory of pumps trom the 


about 6 deg., as in The design of guide passages 
for turbine pumps 


In the discussion 


point of view of a high velocity stream impinging on a 
lower velocity stream, a very undesirable condition in a 
centrifugal pump. With impellers having from six to twelve 
the that 


larger number of vanes had a seriously deteriorating effect 


vanes, writer has not found from practice the 


v; 


upon the efliciency of the volute, over 50 per cent of 3 


being converted in comparatively small pumps. Protessor 
Gibson wrote in reply that the first statement was true, but 


that every pump fitted with a volute chamber was subject 


TABLE 8 AREAS OF VARIOUS SECTIONS OF THE VOLUTE USED 
IN THE DUNDEE EXPERIMENTS 
Area of Volute, Sq. In., at Point 
1 B ( D 

Calculated Best Form.| 0.79 1.77 | 3.30 5.36 
Original Volute... 1.1 2.6 4.1 5.6 
Modification a....... 0.87 1.9 3.5 5.5 

1.1 3.3 3.0 4.3 

rer 1.1 3.2 25 3.0 

ee 0.77 1.3 1.6 1.9 


to this condition, and what was desired was to suggest means 
of reducing the shock loss which it inevitably involved. 
. 
is 


| 


The second statement, that over 50 per cent of 


verted, the writer doubts. 

Robert H. Smith reealled the experiments of Professor 
Inokuty, of the Imperial Japanese University, Tokyo, (for 
a full text in English see The Technical Papers of Ariva 
Inokuty, Tokyo, 1913, p. 181 to 280, Editor), who. in his 


investigation assumed that the hydraulie loss in a flow of 


uniform section and velocity equaled 29’ with 1 the length 


and r the mean hydraulic radius of the channel. 
of fact, the loss varies neither as v” 


As a matter 
nor as l/r. The latter 
assumption was made also by Professor Gibson. In reply 
to that part of the criticism, Professor Gibson states that 
his experiments on taper pipes have shown that over the 
whole range of velocities investigated the loss was, within 
the limits of experimental error, proportional to (v,— v,)*. 
The most important aim, according to Professor Smith, 
was to find the value of v,, which yielded maximum P when 
other things such as m, 6, v, and vy were fixed by other re- 
quirements. By ordinary differentiation, this value was 
found to be 

0.15 
~ 0.15 +a "4 
and this value of v, yielded the maximum pressure energy 
0.0225 


~0.15+a) 


29P = (1—b)v?— 0.15 — 
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This value of Puss increases with v, directly, and with v4 
inversely. This equation makes v, less than va, and there- 
fore involves a volute chamber of large size. A long and 
interesting discussion of the paper by Mr. Price is omitted 


here as it is unsuitable for abstracting. 


INTERNATIONAL RAILWAY FUEL ASSOCIATION 
Proceedings of the Fifth Annual Convention, May 1913, 

Roanoke, Va. 
Sub-Bituminous and Lignitic Coal as Locomotive Fuel 
Firing Practice 
Sealing of Locomotive Boilers and Resultant Fuel Losses 
Self-Propelled Railway Passenger Cars 

anp Lignitic as Locomotive Fve! 
(p. 43, 15 pp. gp). The paper describes and illustrates, 
among other things, several devices for preventing spark 
troubles that are particularly apt to oeeur when sub 
bituminous and lignitic coals are burned owing to the high 
drafts necessary to burn them. The following cost data are 
quoted (results of a dynamometer car test were used as the 
basis of computation ) 


Bituminous Coal Sub-Bituminous Coal 


Price at Buxton, Ia $133 S83 Price at Hudson, Wyo. . -$153. 26 
Cost to haul to Cody, Net 106. 26 Cost to haul to Cody, Neb. 171.46 
Cost to return empties 4 65 Cost to return empties ... 47.88 
Total cost $384 72 lotal cost . $372 60 
Saving in favor of Wyoming coal coe $12.12 


Scauing or Locomotive Borers anp Fire 
Losses (p. 270, 14 pp. ad). General discussion of the 
causes of scaling of locomotive boilers. Contains complete 
advance data of the experiments on the transmission of heat 
into steam boilers about to be commenced at the United 
States Bureau of Mines, in Pittsburg, under the direction 
of Mr. Henry Kreisinger. The Committee is of the opinion 
that pure amorphous graphite will be of material assistance 
to any boiler. By adhering to the plates and tubes, it pre 
vents anything further sticking thereto; it has also a 
tendency of penetrating into cracks in the scale, and render- 
ing it solter. 


NEW YORK ELECTRICAL SOCIETY 
New Series, June-October 1913, no. 6, New York 

The Flying Boat, Lieut. T. G. Ellyson, U.S.N. (Abstracted) 

The Application of the Gyroseope to the Flying Machine, 
Elmer A. Sperry (Abstracted) 

Description of the Elevator Equipment and the Electrie In- 
stallation in the Woolworth Building, New York City, 
Charles E. Knox 

Sare FLYING aNp THE FLyine Boat, Lieut. T. G. Ellyson 
(18 pp., 11 figs. dh). The author gives an historical ae- 
count of the development of the flying boat, and a fairly 
complete description of the Curtiss boat. At first the pro- 
peller was chain driven, the assumption having been that 
propellers of large diameter and pitch could be used, and 
hence less power required, with a corresponding reduction 
in weight, owing to the reduced consumption of gasolene and 
oil. The chain, however, used to break so often, that the 
direct-drive propeller had to be adopted. Another inter- 
esting feature of the flying boat is the arrangement of the 
main gasolene tank; to keep the weight as low as possible 
and to reduce the head resistance, the main gasolene tank 

(42 gal.) is situated in the hull of the boat, with an auxiliary 

feeder tank of 8 gal. capacity attached to the side of the 

engine bed, in order to get a head of gasolene for the ear- 


bureter. Gasolene is pumped from the main to the teeder 
tank by means of a plunger pump driven from the water 
pump shaft, there being an overflow to the main tank to 
take care of excess. In case this pump breaks down, a small 
electric light is automatically lighted as soon as the supply 
in the feeder tank drops to 4+ gal. Then the operator has 
only to close the vent on the main tank, and put pressure 
on this tank by means of a hand air pump, so as to force 
gasolene to the feeder tank. On the whole, the author, who 
made a number of flights in the Curtiss flving boat, states 
that the beat is quite easy to handle both in the air and on 
the water. 

Sare anp AvromMatic OF AERO 
PLANES, Elmer A. Sperry (13 pp., 16 figs. d). The author 
deseribes a rvroscople system ol control, and holds that. in 
addition to all the longitudinal control, in turning eurves it 
produces automatic banking to the point of zero “ skid,” 
either inwardly or outwardly. The author describes various 
apparatus where gyroscopes are used and calls attention to 
the facet that a single gyro is responsive to all prime com 
ponents of universal compound motion, and that for pur 
poses of stabilization, only compound gyro equipments must 
be used, where each gyro is responsive only to motions about 
a given axis, and entirely unresponsive to motions about 
every other axis. The Sperry aeroplane stabilizing equip- 
ment comprises two separate combinations of devices, one 
for maintaining longitudinal stability and another for main- 
taining lateral stability. 

The longitudinal stabilizer uses three directive factors for 
controlling the movements of a pilot valve which in turn 
controls a compressed air cylinder operating a piston at- 
tached to the horizontal rudders. The controlling factors 
are: (a) the gyro which through the pilot valve operates 
the horizontal rudders against tendeney to tip about the 
horizontal axis; (b) an anemometer which operates the pilot 
valve to volplane the machine in case the speed drops below 
the critical speed necessary for sustaining the plane; (c) 
a hand-setting device which permits the aviator to set the 
stabilizer for any inclination of elimb or descent. The air 
platen further acts to adjust the throw of the levers, so that 
when running at slow speed a small tipping is counteracted 
by a suitable throw of the rudders. This is made necessary 
by the fact that the plane is more sensitive to inclinations 
of the rudders when running at high speed. 

The lateral stabilizer serves as a directive factor acting 
on the pilot valve to control the movements of the ailerons 
so that they should operate to counteract against tipping 
laterally. When turning, the lateral stabilizer operates the 
control mechanism to bank the machine to an engle suf%- 
cient to prevent skidding. The gyros are driven by a three- 
phase alternating-current motor. The weight and dimen- 
sions of the various parts of the apparatus are as follows: 
the weight of the generator is about 25 Ib., and it occupies 
a space about 6 in. by 6 in. by 10 in. The lateral stabilizer 
weighs about 18 Ib. and is small enough to be conveniently 
disposed at the back of the aviator’s seat. The longitudinal 
stabilizer weighs about 17 lb., and is placed below the avia- 
tor’s seat in such a position that he can see its operation at 
all times. The author states that his apparatus has been 
thoroughly tested at San Diego, under the eye of Mr. Cur- 
tiss and the officers of the Aviation Corps of the United 
States Army. No precise data of tests are given in the 
article reported. 
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NORTH-EAST COAST INSTITUTION OF ENGINEERS AND SOCIETY OF AUTOMOBILE ENGINEERS 


SHIPBUILDERS 
Vol. 21, no. 7, September 1913, Newcastle-upon-Tyne 
SumMerR Meerinc IN (p. 343, 15 pp. 4d). 
During this meeting several plants were visited, and their 
products inspected. It is reported that the present Krom- 
hout heavy oil engines are of the two-cycle hot-bulb type. 
The fuel is fed from a float chamber to two pumps each of 
which has two delivery valves, and the speed of the engine 
is regulated by altering the length of the stroke of the pump. 
The governor is of the hit-and-miss type, but a knife-edge 
lifts the working striker out of engagement on the idle 
stroke thus reducing wear and tear. On the larger sizes 
of engines, starting is effected by pressure from a bottle 


filled with exhaust gas. The exhaust-receiver is water cooled. 


Water Inlet 


Fic. 17 Jounson Evectricatty CONTROLLED DYNAMOMETER FOR TESTING 


Gas ENGINES 


NORTH OF ENGLAND INSTITUTE OF MINING AND ME- 
CHANICAL ENGINEERS 


Vol. 63, no. 6, July 1913, Newcastle-upon-Tyne. 
Miners’ Electric Safety Lamps 
The Ochwadt Self-Registering Water Gage (Abstracted) 
Messrs. F. Robson’s & Company’s Improve Air-Gage 
The Davis-Biram Anemometer (Abstracted) 

THE Ocuwapt Water Gace (p. 240, 
2pp., 2 
tinuously the pressure of ventilating current in coal mines, 
or the pressure or vacuum of air or gas in gas-plants and 
ironworks. The apparatus is formed with a base of two 
cylinders of equal width which merge into one large eylin- 
der at the extreme base, and are filled with water up to a 
certain point. In each eylinder is a float, the two being 
joined together by a chain passing under a wheel in the 
single cylinder at the base, and fixed to one of the floats is 
The 
recording chart is at the top of the apparatus, on a drum 
rotated about its vertical axis by a clock which may be so 
adjusted as to rotate the drum either once in 24 hours or 
once in seven days. The air is admitted through an inlet 
pipe into the cylinder opposite from that containing the 
float to which the writing device is attached. 

Tue Davis-BrramM ANEMOMETER. 
Coal Age, November 1, 1913, p. 655. 


figs. d). This is a gage designed to record con- 


a vertical rod to which the recording pen is attached. 


For its description see 


Vol. 5, no. 2, November 1913, New York 

The Development of an Electrie Tractor for Handling 
Freight Cars Over Tracks Laid on City Streets, T. VY. 
Buckwalter 

An Electrically Controlled Dynamometer for Testing Gas 
Engines, Nathan C. Johnson (Abstracted) 

The Internal-Gear-Driven Truck Axle, Viggo V. Torbensen 

A Correlation of the Magnetic and Physical Properties of 
Steel, Charles W. Burrows 

AN ELecTRICALLY CONTROLLED DyNAMOMETER FOR TEST- 
InG Gas Engines, Nathan C. Johnson, introduction by R. 
D. Carpenter (4 pp., 3 figs. d). The electrically controlled 
dynamometer, consisting of a dynamometer with field 
mounted on a cradle so that it can oscillate freely, is, in the 
opinion of Professor Carpenter, probably the most desirable 
of any dynamometer yet produced for the accurate meas- 
urement otf developed power, but is expensive in use where a 
large number of units are to be tested. The device illustrated 
and described in the present article is an application of an 
electrical load-controlling device to a pecuhar form ot Prony 
brake, and is stated to have proved very satisfactory in prae- 
tice. 

The principle of operation of the device shown in Fig. 17 
is exceedingly simple. A small magneto, or other generator 
having a straight line speed volts characteristic, is driven by 
a chain from the gas engine shaft. In cireuit with the mag- 
neto is a rheostat R and a powerful iron-clad electromagnet 
E, which magnet is mounted on the frame composed of the 
side-pieces D having reach-rods joining in the bearings J, 
To the 
of the electromagnet are attached the two arms 


which bearings embrace the flywheel on either side. 
plunger 
G, which form a toggle-joint acting on the hollow brake- 
shoe B, this shoe being water-cooled. The brake proper rests 
on a knife-edge NV on the scale platform M; and a counter- 
weight A on the back end of the toggle-joint serves to over- 
come the tendency of the brake-shoe B to fall inward against 
the wheel C. 
tion against the wheel, is taken up by the compression-arms 
H and communicated through the trame and knife-edge to 
the platform M. 
the bearings at J, is also indicated on the scale through the 


The thrust of the brake-shoe, due to the frie- 


The turning moment, due to the friction of 


same point, so that there are no losses due to outside mech- 
anism. Further, there are no strains on the engine shaft, 
because the thrust of the brake is taken up entirely by the 
bearings on either side of the flywheel. 

The operation of the device is extremely simple. Briefly, 
the greater the speed of the engine, the greater the output in 
volts of the generator S; and the greater the voltage the 
greater the traction of the electromagnet F; and the greater 
the traction the more the thrust of the toggle-joint; with 
proportionate the brake-shoe B and the 
That is to say, the more speed the more volts, the 


friction between 
wheel C. 
more volts (by Olm’s law) the more amperes flowing in 
the electromagnet; and the more amperes the more friction; 
and the more friction the less speed. Therefore, by setting 
the rheostat and the carbureter of the engine for any given 
load and speed, this brake will hold it constant for days at 
a time if necessary, the only limitation being apparently the 
The 
generated may be read off directly on a special seale-beam, 
or may be computed as with a Prony brake. The output of 
the generator S, as indicated on the voltmeter and ammeter, 
plus the known internal losses of the generator, must be 


efficiency of water-cooling of the brake-shoe. power 
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added to the brake readings to get the total power gener- 


ated. 


WESTERN SOCIETY OF ENGINEERS 
l. Js, no. 8, October 1913, Chicago 
lhe Decorative Possibilities of Concrete, C. W. Boynton and 
J. Libberton 
Chicago Water Works, John Ericson (Abstracted) 
Cooperation among Engineering Societies, Ralph D. Mer- 


lol. Is, no. 9, November 1913, Chicago 
The Adaptation of Boiler Furnaces to Available Coals, 
llenry Kresinger and Walter T. Ray (Abstracted) 
Chicago Subways 
The rection of the Municipal Bridge, St. Louis, W. H. 
Radclitfe 
Ciicaco Water Works, John Erieson (36 pp., 17 figs. 
dhs). A partly historical description of the Chicago water 
works system. 
The author discusses the question of metering the water 
delivered to customers, and shows that, while universal in- 
stallation of meters is not advisable, if judiciously done, it 
will increase rather than diminish the city’s revenues, irre- 
spective of a decrease of pumpage. One of the important 
reasons why the existing plant is continually proving in- 
adequate to meet the demand is the failure to adopt rational 


netiwmels of water waste prevention. The fact that there is 
a iarge s ipply of water at the very door of the city does 
ot tuean that water should be considered as free as the 
air we breathe; it is shown that excessive pumpage does not 
benelt the people, and, in addition, when wasted, water 
escapes into the ground, and often becomes a detriment 


rather than a benefit. 

] widition to the efforts for the conservation of the 
water delivered into the mains, a constant endeavor has 
been made to raise the efficiency of the plant. In this con- 
nection several interesting investigations had to be made. 
An aceurate knowledge at frequent intervals of the amount 
shyp in the pumps was important, and for years, the ree- 
ords of pumpage had been based on plunger displacements 
and by estimate of the percentage of slip, if slip was con- 
sidered at all. In order to obtain this information with 
reasonable aceuraey, reeording venturi meters were in- 
stalled on the discharge mains of some new pumping en- 
gines, as well as many indicating and recording pitometers. 
In this way the condition of the pump valves of each en- 
gine is caretully checked at all times, and immediate re- 
pairs to or replacement of the same can be provided for 
when required. In another case considerable discrepancies 
appeared in the pressures reported from various pumping 
Stations due to errors in pressure gages and elevations used 
in computing heads; for this reason a special design of mer- 
eury columns has been prepared, and will soon be installed 
in all pumping stations. 

As regards the economy of operation of the pumping 
stations, a comparison was made between the Chicago plant 
and some private and municipally owned plants in other 
cities, on the following basis: The investigator determined 
the horsepower and the total amount of payroll of each 
pumping station, and from these deduced the number of 
horsepowers per dollar of daily payroll at each place (it is 
not stated on what basis the number of horsepower was ob- 
tained). 

In the diseussion which followed, objections to this basis 
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ol comparison were made since differences in the types, 
sizes and kinds of engines and operation under dilferent 
conditions would lead to entirely dissimilar results. Llenry 
A. Allen gave an insight into the conditions of operation 
at the Chicago pumping stations: in the city of Chicago at 
the present time, there are probably but three engines pro- 
vided with suitable safety governors that, in the case of the 
bursting of a water main or of other cause tending suddenly 
to reduce the water pressure at the pumps, would stop the 
engines automatically and prevent them running away and 
going through the roof. As a matter of safety, more oilers 
are carried than would be the case were all engines of mod- 
ern design and properly equipped; should anything hap- 
pen, the oiler must be ready to jump to the throttle. 


Tue Apapration OF Borer Furnaces TO AVAILABLE 
Coats, Henry Kresinger and Walter T. Ray (60 pp., 17 
figs. epA). The authors, in their work as fuel engineers 
of the Clinchfield Fuel Company, have been brought face 
to face with the fact that in certain districts of the South, 
owing to prevailing rates, only certain kinds of coal, mainly 
those with a highly volatile content, could be used, and the 
existing boilers did not appear to be fully adapted eeonom- 
ically to take care of them. 

The authors have therefore made an extensive series of 
tests in order to determine for water tube boilers (with 
tubes inclined slightly from the horizontal, having trans- 
verse gas batiles such as make the gases cross the tubes up, 
down, and up (three passes) whether by batiling the boiler 
horizontally and thereby obtaining a larger combustion 
space in the furnace, high volatile coal can be burned with 
good results; and whether, with the horizontal batile, Poea- 
hontas coal can be burned as economically as with the stand- 
ard vertical baffle. 

These tests were made in three series: The first series con- 
sisted of seven tests, and was made with the boiler baffled 
vertically, as it was installed by the maker (Fig. 18 A). The 
second series, also of seven tests, was made with the same 
boiler bafiled horizontally in a way such that the space be- 
yond the bridge wall was used as a combustion chamber, the 
burning gases passing lengthwise, first under the boiler, and 
then twice among the tubes, and out through the breeching. 
The third series, consisting of five tests, was made with the 
same boiler batfiled horizontally ina way such that the gases 
passed lengthwise under the boiler as in the second series, 
then three times among the tubes, and finally under the 
steam drums and out through the breeching.. All of the 
tests were run under the actual operating conditions. Frem 
a table giving the summary of results of his tests the 
author draws the following conclusions: Much better re- 
sults can be obtained with Clinehfield coal when the boiler 
is bafiled horizontally; there is also a marked improvement 
in the results in favor of the horizontal batwing when Poca- 
hontas coal is used as fuel. The horizontal three-pass bat- 
fling gives the highest evaporation; the horizontal two-pass 
bafiling gives the highest horsepower developed during the 
tests. With the two-pass horizontal bafiling better evapora 
tion and higher horsepower ean be obtained with Clineh- 
field than with Pocahontas coal and the standard vertical 
bafiling. The following additional remarks are of interest: 

The boiler was run considerably above its rated capacity 
all the time. During regular operation the boilers would 
probably be operated most of the time below it, and would 
show a higher efficiency than that shown by the test. With 
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the present standard battling of the boilers the greatest heat 
loss is in the chimney gases. During the last series of tests 
the author measured with an anemometer the velocity of air 
entering the ashpits of this boiler and also of boiler No. 1 
which was equipped with the standard vertical baffles. It 
was found that on this boiler the velocity was about 450 ft. 
per min. On the other boiler it was about 800 ft. per min., 


or nearly twice as much, although only about two-thirds as 


WatertTuBE Borers Various Types oF BAFFLING 


Fia, 18 


much coal was burned with the standard boiler as with the 
three-pass boiler. This velocity measurement showed con- 
clusively that entirely too much air was used with the stand- 
ard boiler. The area of the ashpit doors on both ashpits 
was the same. The approximate cost of materials for baffling 
with two horizontal passes is stated to be $57.25, and with 
three horizontal passes, $70.65. 

In the diseussion which followed, George H. Cushing, 
Mem.Am.Soe.M.E., called attention to the fact that the 
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distribution of coal has so far been fixed by the freight 
rate charged the transit limit of the coal; hence the zone 
in which it would be sold has been pre-determined by trans- 
portation considerations, which are entirely outside both the 
The 


arranging the coal-burning apparatus to suit the available 


coal and manutacturing industries. mere fact of re- 


fuel removes the railroad as the dominating intluence, and 
substitutes for it engineering, which is far more an exact 
science than the rule-of-thumb now governing the rate-mak- 
ing function. 


For the coal industry, the adaptation ot the 


boiler to the fuel used is of great importance because it will 
increase the demand for an exactly sized product, and that 
means introducing a manufacturing process tor tle pur- 
pose of giving to the consumer precisely the size and kind 
That 


which is of less importance to the consumer after he learns 


of coal he wants. means also advaneing the price, 


to get full benefit of the exact sizing. For the boiler manu 
facturer to make a standard furnace and boiler setting is 
of course a very simple’ proposition ; but the time has come 
when he will be forced to determine his factory problems 
mainly by consideration of how the buyers of his equipment 
can get power cheap. To do this, he will have to produce 
a tlexible boiler-furnace setting that will give a proper mix- 
ture of coal gas and air while using any kind of coal, and 
if he does so he may add to the selling price of his iron and 
brick the price of high-class engineering service. 

E. R. Fish gave a brief history of the Heine boiler in 
The first Heine boiler was built in this eoun- 
1882 by Col. E. D. Meier, Past-President of the 


Society. and to him is due the credit of having been t! 


this country. 
try in 
first 
to promote commercially the horizontal type of batiling. 

T. A. Marsh, Mem.Am.Soc.M.E., pointed out how in the 
last five or six vears the height from the header to the floor 
has gradually increased. In 1908, with a setting similar to 
that of Fig. A, a boiler was ordinarily set 7 ft. 6 in. from 
the header to the floor; and with proper draft, a sufficiently 
long arch, and furnace roof, a certain amount of smokeless- 
ness was obtained. The next year 8 ft. of height was con- 
sidered to be necessary, and later on 8 ft. 6 in.: but 9 ft. 
was opposed both by the purchasers of the boilers and in- 
stallers of equipment. Today a very good reason for in- 
stalling boilers with less than 9 ft. 6 in. under the header 
has to be shown; and one of the large firms in the East has 
laid down the fixed rule that no Babeock and Wilcox type 
of boiler that they install shall be set with less than 12 ft. 
under the header; they are obtaining excellent resu'ts. Fur- 
naces so designed are vertical, while those with tiled roofs 
are horizontal. 

In the practice of the speaker, puddling of outside walls 
this 
kind of accidents, it is necessary that the lining in the two- 
pass boiler in the combustion chamber should he No. 1 fire 
brick. 

E. A. Jun.Am.Soe.M.E., table 
showing some points of comparison between the different 
methods of baffling employed in the tests. The draft 
through the boiler passages is less for the horizontal two- 
pass baffling than for the original baffling. The number of 
complete reversals of the gas stream is the same for the two 
eases, but two-pass horizontal baffling offers less resistance 
between the points of reversal. The resistance of the hori- 
zontal three-pass baffling is slightly greater than that with 
the original baffling. 


happened two or three times, and in order to avoid 


Fessenden, presented a 


loss 


£36 
| 
} 
| 
| 
hy 
| 
| 
SSS 
4 | 
— 
J 
| \ 
ef: 
B 
=, 
= 
> 
‘ “JE 
> i 
\ 
| 
| 
\ 
\ 
\ 
he 30” 
C 
— 
: - 
EY, 
ti), 
lax. 
bey 
“ 


FOREIGN REVIEW AND REVIEW OF THE PROCEEDINGS OF 
ENGINEERING SOCIETIES 


ENGINEERING SURVEY 
WING to the wealth of material both in foreign perl 
() odicals and in the proceedings of engineering se 
clelies, some articles of interest had to be lett 
inabstracted or abstracted only in part, to be taken care of 


! a later issue ot The Journal. 
MONTH'S ARTICLES 


ky engineer solves the problem ol sate 
helt by proposing a parathute that would protect both the 
aviater oa d his slip. A German engineer deseribes how a 
orce blower for duty. where reliability was the first consid 
eration, Was designed so that drawings and patterns of an 
old steam engine eould be used in its construction. In the 
site section is reported an extensive investigation of a 
branched suction piping showing beth the amount of air 
actually flowing through the various pipes in such a system, 
aned the appheation of the Blaess method of equivalent open 
ines to the desigh of large exhaustor systems, 

the seetion Tnternal-Combustion Engines, a calculation 
on the value ot blast fuel and coke oven gas is reported, 
showing that with an output of less than 5,000,000 tons ot 
pic ren per Vear, eastern and northern France disposes ol 
a source of wealth m the eoke oven and blast furnace gases, 
equivalent to approximately $24,000,000 per vear. Tests of 
® peat suction gas producer are also reported: with poorly 
dred peat, the composition of the gas did not materially vary 
netwithstanding wide variations in load. Data on peat con- 
sumption are also given. Attention is also called to the in- 
Started in’ France by La Techn Moderne on the 
operation of Ingh etheiency heat engines. The lmnportant 
port of the predetermination of the dimensions of ports in 
two-stroke evele oil engines is fully diseussed. The author 
reters to what appears to be an interesting Investigation of 
K\reglewski of which an abstract will be made as soon as the 
origimial text is received in this country. 

The first part of the interesting article of FL Robin on ease 
hardening is abstracted. Mr. Robin has done splendid work 
on heat treatment of metals and metallography his 
opinions therefore are entitled to particular consideration. 

The section Steam Engineering is especially rich in inter- 
esting material. ©. Nochy reports a number of tests per- 
mitting of the establishment of the evaporation law for sta 
tionary boilers, Claassen deseribes a number of steam valves 
operated at a distance, by electric motors, electromagnets, 
water pressure surges, ete.. as well as automatic mixing 
Valves, constant pressure, constant temperature regulators, 
ete. Nerger gives data of tests made by the Prussian Rail 
road Administration in whieh locomotive smoke box cinders 
have been successfully burned under a boiler without any ad- 
dition of gas coal. A description of the Missong engine, a 
single-cylinder compound engine with possibility of drawing- 
off receiver steam is given. The status of the steam turbine is 
being established in Germany, and Professor Josse draws a 
picture in bold lines, from data obtained from replies to a 
circular letter sent out by him to a number of turbine-driven 
central stations, showing the direction which the development 
of steam turbine engineering took there. 
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Win. Hi. Kaempter presents a full compilation ot data 


itl respect to air seasoniig of uber, James Gilles, 
before the American Society ot Brewing Te ology, «lis 
cusses the s of compressed ar the il it 
=ystem, on Which, unfortunately, comparatively little infor 
mation is available in an easily accessible form. EK. N. Jan 
son shows why marine shatting mav sometimes be severely 
overstramed, even thoue ipparently designed it propel 
Margins of salety, il. Johnse a pape before the 
Conerets lustitute, reports thie results of tests tiv 
Strength of Cement, while trom a paper of the Seuth 


African Jnstitution of Engineers is abstracted 


an om 
teresting disenssion of the mueh neglected subject ot saving 
of air power in the rock-drill operation. 

Abstracts of articles on radium pyrometers, artificial rub 
ber trom coke oven vis, subway elevators, ete.. will be tound 
In Various sections of the S rvey, Articles are classified as 
¢ comparative; deseriptive; ¢ experimental: general; h 
historical; m mathematical; practical; s statistieal; ¢ the 
oretical, Articles of exceptional merit are rated 1 by the 
reviewer, Opinions expressed are those of the reviewer, jot 
of the Society. The Editor will be pleased to receive in- 
quiries for further iformation im connection with articles 


reported in the Survey. 


Aeronautics 

AN Paracuute (Un parachute daviation, FE. C. 
Neruc imdustrielle, vol. 44, no, 2112-47, p. 655, November 
22, 1915. 1 op. 2 figs. A parachute must satisfy the 
following requirements: (a4) when folded it must not affect 


the operation of the airship, which in turn must not hinder 
the unrolling of the parachute: (b) its unfolding must not 
produce effects of inertia dangerous for the aviator or for 
the safety of the parachute suspension, and (¢) it must un- 
fold fast enough to be available for use with comparatively 
small elevations. Captain Couade, of the French army, in 
contormity with these principles, designed a parachute for 
sarimg both the aviator and the ship. The parachute 1 ( Fig.1) 
is enclosed in a tube 2 placed so as to open behind the 
rudder, and is provided at its end with a small tractor para 
chute 3, which alone projects from the tube, Usually this 
tractor is kept tolded. but may be very rapidly opened by 
a single motion of the aviator. When opened, it draws the 
large parachute out of its sheath, and places it along the 
wind stream line. The area of the large parachute is cal- 
culated so as to give a velocity of descent of 6.50 m. To 
avoid excessive accelerations produced by the unrolling of 
the parachute when the ship is moving at great speed, a 
cable 4 is interposed between the suspension proper and 
the aeroplane, and a brake 5 is set in a manner such that 
the acceleration should not exceed a certain predetermined 
value; a shock absorber 6 affords the apparatus a still fur- 
ther protection from breakages due to too rapid action of 
the brake. When the tractor parachute 3 opens, it unrolls 
at first only a part of the large parachute, as shown by full 
lines; then the pressure of the air on 1 causes the string 7 
to break, and the entire parachute unrolls. This gives to 
the parachute a more even action, and prevents excessive 
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gliding. Tests made with models have shown that the appa- 
ratus acts in a satisfactory manner. For speeds between 
15 and 21 m (49.2 and 68.8 ft.), it has been found in two 
cases that the accelerations were in excess of 

Krv? — (P+ p) 
o=9 p+ 
is the decelaration produced by the air on a pro- 
jectile, according to the formula of Didion. 


A 


where -1, 


Air Machinery 

Force BLower (Gebliise fiir Schmiedefeuer, O. Klepal. 
Die Fédrdertechnik, vol. 6, no. 11, p. 262, 14% pp.. Novem- 
ber 1915. 2 figs. 


Description of a eurious forge 


| 

© 

< 
Fic. 1 Covape ParacuuTe 


blower in the construction of which were used, with only 
slight modifications, patterns and drawings of an old type 
steam engine designed for 8 atmospheres gage pressure. 
The blower was to be used in connection with the continu- 
ous production of hardened steel balls, and any interrup- 
tion, either for repairs or adjustment, would be extremely 
inconvenient. In view of this, a very low volumetric effi- 
ciency (0.50 per cent) has been selected, so as to avoid as 
far as possible leakage at the valves. The use of the old 
steam engine drawings and patterns permitted the produe- 
tion of the blower at a saving of 15 per cent against what 
it would have cost otherwise. 


INVESTIGATION OF AtrR DISTRIBUTION IN A_ BRANCHED 
Piping or an Exitauster PLantr (Untersuchung iiber dic 
Luftverteilung einer verzweigten Exhaustoranlage, D. Eie 
and H. Ovenberg. Zeitschrift des Vereines deutscher In- 
genieure, vol. 57, no. 49, p. 1943. 3 pp., 4 figs. eA). 
Wherever a system of branched piping is required for the 
delivery of liquids, gases, and air to several places from a 
common source, the designing engineer has to determine the 
dimensions of the various pipes in a manner such that they 
might be able to carry the desired quantities at the given 
pressure head. This problem is often most important owing 
to the fact that once a system has been laid, there is very 
little chance for changing it if it should prove unsatisfac- 
tory. 

The present investigation is of interest in view of the 
lack of published data concerning large exhauster systems 
carrying air at the average temperature and average pres- 
sure. The system described in the present article forms 
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part of a large wood-working plant and has to carry out 
Shavings and sawdust from the wood-working machines and 
metal dust from tle fettling shop. The shavings and saw- 
dust are taken up by the catcher at the place of origin, 
thoroughly mixed with air and drawn into the pipe where 
they are carried away on account of the large air velocity 
existing there. 

The suction system, Fig. 3, consists of three main lines 
into which at various places lead 18 side lines. The three 
main lines unite shortly in front of the exhauster, from 
which extends a pressure pipe 16 m. (52.4 ft.) long and 
500 mm. (19.6 in.) wide to the main pump. In order to 
avoid excessive pressure losses, the branches are connected 
to the main suction pipe at as small angles as possible. 
The experiment was carried on with pure air, all the ma- 
chines standing still. During this investigation, the part 
from the quarter bend a to the pump was cut out, all the 
pipes were carefully cleaned, and the measurements made 
at the places indicated in the illustration by numbers en 
In order to calculate the amount of air 
the separate 
branches, the velocity was in each case measured at five 


closed in cireles. 


flowing through main lines and through 


points equally distributed over the cross-section of the pipe 
The Krell 
dynamic dise, Fig. 2, was used for the measurement of 


and the average velocity determined therefrom. 
velocity. In this apparatus there are two places at which 
the dise pipes join the manometer, so that the influence of 
the indicates 
only the pressure difference proportional to the velocity 
head. 
dise as given by the equation v 


static pressure is eliminated and manometer 


In order to determine the constant a of the dynamic 
a\V/H,., the author has 
measured the air flowing through a piping system by means 
of calibrated nozzles and tound that the average value of 
the constant a is equal to 3.17. The velocities were deter- 
mined by means of a micromanometer indicating pressures 
lable 1 the in- 


enlarged 9.7 times. indicates the results ot 


Fic. 2) FOR MEASURING AIR VELOCITIES 


vestigation and shows the amount of air flowing through the 
various pipes. The values given in the last line were found 
by comparing the average values obtained directly from air 
measurements in front and behind the exhauster with the 
total quantities of air sucked in, and the difference was dis- 
tributed to the various branches in proportion to their part 
in the operation of the system. It is interesting to note that 
the quantities as actually determined by measurement differ 
but little from those caleulated. The measurement indicates 
at some places velocities too low for the proper operation of 
the plant. This is, however, of no practical importance 
since, when the plant is actually operated, the branches do 
not all work at the same time, as was done during the test, 
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Fia.3  Brancnep ror an Are Suction System, Prpinc Prawn 


Same Srerem as in Fic. 3, with THE INDICATION OF EQUIVALENT LENGTHS OF PIPES 
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while it has been experimentally established that the velocity 
of air in the braneh pipes rises materially when the suction 
system is only partly opened. This explains why actually 
the system operates in a satisfactory manner. 

The investigation of this plant atforded an opportunity to 
test the process of Blaess for the ealeulations of branched 
piping. The fundamental idea of the Blaess process is in 
the use of equivalent openings and their connection in series 
and in parallel. By an equivalent opening of a pipe or 
System of piping Is meant the area of such an opening, free 
from contraction, which at the given pressure would permit 
the same amount of iluid to pass as the entire system of 
piping. The action of the system of piping is therefore 
characterized by the equivalent area instead of by the pipe 
friction and inlet or outlet resistance. This equivalent open- 
ing in the case of a given pipe has a practically constant 
value for all velocities oceurring in aetual practice. If the 
piping has no inlet or outlet  resistanee, the equivalent 
opening /? represents only friction. On the other hand, 
when friction is neglected, the equivalent opening of the 
pipe J, is a funetion of only inlet and outlet resistance. 
For a given pipe system, these equivalent openings may be 
combined as shown by the following equation : 

l l 
Fee 

At the places where two or more branches come together, 
their equivalent openings may be added, since there ean be 
only one common pressure. Sinee the braneh pipings work 
In conjunction with various machines and are provided with 
catchers of very different types, of which the equivalent 
openings could not be theoretically determined, we have de- 
termined these equivalent openings from the following 
equation : 

Hy 
Where //, represents the total pressure, or as in this case 


Q = 60OF,.JVH, and F,, 


a partial vaenum at the place of measurement; in order to 
determine the equivalent openings of the various catchers 
with the pipes in conjunction with them, it is necessary to 
determine by measurement the velocity head and partial 
vacuum. In order to obtain as exact figures as possible it 
is desirable to work with high pressures and wide manometer 
variations. To do this, the author when measuring at one 
pipe closed all the others, the measurements being made as 
before at five different points of each cross-section and the 
average value taken. 
cated in Fig. 3. 


In Fig. 4 geometrical axes of the pipes with the equiva- 


These equivalent openings are indi- 
! 


lent lengths of the various pipes are indicated, to the actual 
length being added certain supplementary lengths, namely: 
for a quarter bend of 9 deg. a length equal to 10 diameters; 
for bends of smaller or larger angles correspondingly 
smaller or larger additions. The equivalent openings are 
also marked, 

From these figures, it appears that the equivalent open- 
ing of the entire suction piping directly in front of the 
exhauster is equal to 9.1725 qm. (1.845 sq. ft.) with a par- 
tial vacuum of 22.3 mm. (0.876 in.) of water. The quantity 
of air taken in by the exhauster is equal to 

= 60F = 196 cbm/min. = 6818 eu. ft./min. 
which agrees fairly well with the 201.9 cbm/min. as deter- 
mined by direct measurement. If it is desired to determine the 
quantity of air flowing through any of the branches, it is 
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necessary only te divide 196 chm in proportion to the 
ratio of equivalent opening ol the pipe under consideration 
to that of the Fig. 4, 
so caleulated GY, and the quantities GY, actually measured are 
the the 


entire system. In the quantities 


Indicated at Various branches of svstem. 


It may also be of interest to establish the distribution of 
the partial vacuum in this system by using the caleulated 
quantities of air delivery and the velocities obtained thereby, 
and by caleulating the partial losses in the various pipes 


trom the tormula: 
1 ¥ 
) \ 
Phe sums of all these partial pressures from the exhaust 


! the ends of the system must be equal, namely: 
the imlet 


out afl 


Tm. of 


thus connection 
lett 


all these caleulations whieh he 


water. In 
4 


resistance 


indieated ain must not be account. The 


author has 


vives Ih a 


special table and which show that the values caleulated come 


hurly close to the expected value 22.3 mm. (0.876 in.) of 
water. On the whole, the caleulated values agree fairly 
closely with those determined by actual measurement, with 


the exception only of branches working at very low veloci- 


% 
~ 
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» Diagram or « Two-srroke On. 


Fic. 6 
Fig, 7 


View or a Jonkers 


View or «a Toussaint 


ties where the discrepancy may have been due to the imper- 


fections of the water manometer. 


Hoisting Machinery 
ELEVATORS AT oa 
Nortu-Sourn Evecrriec Raipway Paris 


THE Stations “ Appesses” Anp 
MARCK OF 


(Les as: 


che di 


THI 
enseurs des 
fer cléctrique 
iril, vol. 44, 


some of the 


stations et Lamarck” du 
Paris, H. Brot. Le 
pp. 14 figs. d). At 
stations of the North-South Electric Railway in 
Paris cage type elevators are used, at the Pigalle station 
The 


Each station is provided with two cages 


SSeS 
Nord-Sud_ de 


Génie ¢ no. 6, p. 107, 


escalators of the Hoequart type. present article de- 
seribes the former. 
running in parallel shafts. Each eage has, in addition to 
the usual two doors, for entrance and exit, an emergency 
door by means of which the two eages may be connected 
with one another. If for any reason, therefore, one of the 
eages should be stuck between floors, the passengers would 
n0t have to be kept locked in until the defect was repaired: 
all that is necessary is to bring up the other cage, empty, 
to the proper level, open the emergeney doors and transfer 
the passengers. After a careful study, a nearly semi- 
circular shape was adopted for the cabins because it was 
found that that form accommodated the largest number 
ot passengers for the given floor space. The lifting gear 


consists of a drum with four screws, driven by two electric 
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29 


motors. The total weight of the eave with passengers being 


about 12 metrie tons (say 13.1 short tons), it Was thought 


advisable to lighten the stresses in the transmission from the 


inotors to the drum by dividing the worm gear correspol 


lig to each inetor, into two symmetrical units, with gear 


wheels in mesh with one another but rotating 1 opposite 


directions. Owing to this arrangement thrust 


there 1s 


along the motor axis, so that thrust bearings could be dis 


pensed with. If a tooth in a wheel should break. the 


rear 


connection between the motor and the drum would not be 


broken. The “ triple grip ised, to proteet 


satety device is 


the eave Trom eXcessive speeds. 


Internal Combustion Engineering 


CALCULATION OF LENGTH OF Passages IX) Two-Srrokt 


ENGIN} 


CYCLE OIL HAVING by MEANS OF 
Ports ( Bere fnung der NKanallingen ron italt- 
Olmaschinen mit) Schlitestene rung, O Kopp. chrift 


vol. 57, no 49, 
An 


design of 


des de atscher 
1913. 


must be 


Vercines Inoenicure, 1939, 


December 6, 5 Mus. mt). 


the 


lnportant pomt 


which considered 


two-cvele oil 
engines is the correct dimensioning of exhaust and admis- 
sion slots. This matter is comparatively simple in the ease 


of four-eyele engines where there is a full stroke available 


for the exhaust and another one for filling the evlinder 
with fresh air, but in two-evele engines the requirements 
are much more strict, as at the point a (Fig. 5) at the 
end of the expansion the exhaust of gases begins. As 


the 


pressure has sufficiently gone down, namely at 
b. the entrance of fresh air begins which is expected to 
drive the rest of the gases of combustion out of the evl 
inder and provide the necessary oxygen for the next com- 
bustion (the Diesel process is here considered). At ¢ the 
charging process is considered finished and the compression 
ot the while at d_ the 
is ended, or nearly ended, and the admission of the fuel 
the point 


Thas the exhaust and charging processes must be fully 


fresh air begins, compression 


hegins, continuing at constant pressure up to 


accomplished within the briet period from a to c, whieh 
on the erank diagram represents only 90 to 120 deg. as 
against 360 deg. in the four-ceyele engine. 

Every unnecessary increase of the angle between a and ¢ 
decreases the useful stroke of the engine and therefore its 
output and mechanical eficieney. On the other hand, if too 
much saving in time is attempted and the exhaust lead 
a-b is small, that the exhaust 
xases will flow back into the fresh air and pollute it; at 


made too there is danger 


the same time, too short a period of seavenging necessitates 
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driving the fresh air at too high a pressure which may 
lead to excessive consumption of power at the scavenging 
pumps. For example, in the early engines the scavenging 
took as much as 15 per cent. of the indicated power, while 
with proper dimensions ot 
3 per cent to 6 per cent. 


ports it ought to take only 


All these considerations apply only to engines having 
distribution by means of ports, in particular to- double- 
eylinder engines in 


and exhaust 


regulated by one of the pistons respectively. 


which admission are 

Fig. 6 shows a Junkers engine of the present type with 
opposite pistons acting on a two-throw crankshaft. Fig. 
7 shows what is called a Toussaint engine with pistons in 
parallel, one acting on the admission port and the other 
on the exlaust port. 

The problem of the present investigation is to determine 
the processes of equalization of pressure which take place 
at the opening of ports. Two vessels, the cylinder and ex- 
haust space, or the compressed air container and the cyl- 
inder, are filled with gases at different pressures, different 
temperatures, and having different specific gravities and for 
a certain time are connected by the ports. The problem is 
to determine quantitatively the process of equalization of 
pressure due to the flow of gases from the higher pressure 
level to the lower. This problem would have been com- 
paratively simple if the shape and cross-section of the ports 
remained constant, in which ease the flow of the gases dur- 
ing the opening would be proportional to the time-cross- 
section. In the present case, however, the section of the 
port varies from zero to maximum and back to zero again. 
One lias therefore, to consider what happens during an in- 
finitesimally short period dt. During dt there is available 
to the flow of gas a time-cross-section /’dt, while the quan- 
tity of gas or air which flows during the time period dt is 

dG=F. dt. V0 f (py Dy 
is the coefficient of contraction, y specifie weight, 
and f (p,, p,, T) is a function of pressure p and tempera- 
ture 7 which, for particular cases may be determined from 
the theory of flow of gases. The total quantity of gas G 
which passes through the port during the entire period of 


where v 


the operation of the process of pressure equalization is 
therefore 


The members under the integral sign all vary with time. 
The exact determination for the exhaust and admission 
processes in the oil engine has been indicated by Kreg- 
lewski in his book [ep. also his articles in the Oilmotor 
(end of 1913 and in 1914)]. By the methods indicated 
by him and in view of the fact that there are plenty of data 
for the determination of the value of v, it is possible to 
determine the correct dimensions of the admission and ex- 
haust ports just as Kreglewski has done for the oil engines 
of the German General Electrie Company. 

Kreglewski, however, assumes that the magnitude of the 
contraction coefficient v for the temperature under con- 
sideration and the shape of port is known. In the present 
method, the method of similarity is used, it being assumed 
that experiments have been made to determine the exhaust 
and admission processes in a certain engine and that it has 
been established for what speed the exhaust and admission 
ports have been properly dimensioned; then by the method 
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of similarity the proper dimensions of the ports for every 
other engine may be determined. Two engines are of dif- 
ferent dimensious of cylinders, length of stroke and speed. 
Nevertheless, when the exhaust port is opened, under the 
assumption of normal load, the pressure, temperature, and 
specific weiglits of the exhaust gases in both engines will be 
approximately equal, but owing to the flow of exhaust gases 
trom the ports, the state and quantity of the gases in the 
two cylinders vary, and with very considerable approxima- 
tion, may that the state of the the 
two engines varies equally, or that at points of equal pres- 


we assume gases 1n 
sure, equal temperatures and equal specitie weights prevail 
in both eases. ‘The average velocity in the exhaust passages 
depends on the difference of pressure in the eylinder and 
the exhaust tank, the temperature and the specific weights 
of the exhaust and the 
which last may be assumed to be equal in both cases, 


gases, contraction, 
Then 


at the points of equal pressures and at proper instants of 


coetlicient of 


time may be obtained equal velocities in the passages or, 
which means the same thing. the quantities of gases flowing 
per second would be at these time-instants proportional to 
the free sections of the passages. 

Now it is clear how the “ corresponding points” in the 
two engines are obtained. The amounts of gases flowing 
out at the points of equal pressure are in the first place 
proportional, under the assumption above made, to the 
quantities of exhaust gases initially present and, on the 
other hand, they are proportional to the 


free time- 


cross-sections \ dt of the passages, which means that in 


these points the value of | Fdt for both cylinders is pro- 


portional to the initially present quantities of exhaust gases, 
or approximately, to the volume of evlinder swept by 
piston. The admission ports should be 
as soon as the pressure of the exhaust gases has reached 
an appropriate value. The time-cross-section for the ex- 
haust lead (points a to b) has therefore to be made pro- 
portional to the volume of cylinder swept by the piston V, 


or 
: 
F dt: = Ds. 


where /’ are the variable ports, s the strokes, V the »olumes 
of cylinders swept by the piston, and D the diameters of the 
cylinders of the two engines. 


opened (point b) 


Similar considerations apply to the charging process. 
Here it is assumed that at the beginning of the opening of 
ihe admission ports the pressures of the exhaust gases in 
the cylinders of both engines are equal and the conditions 
of the equation just preceding are therefore satisfied. The 
condition of equal scavenging relations in both engines 
takes, therefore, also the form of the preceding equation 


where Fdt represents the time-cross-section for the charg- 


ing port. The meaning of the integral Fdt and the 


method of its determination requires some further ex- 
planation. F is the free cross-section of the port at the 
instant t and is equal to £D7s,, if by s, be denoted the free 
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distance trom the regulating edge of the piston to the 
regulating edge of the port, and by € is denoted the ratio 
of the sum of the widths of ports to the circumference of 
the cylinder. The simplest way to determine the value of 
the integral is by means of a crank ‘path diagram, such as 
is drawn in Fig. 8 for a Junkers engine. On the horizontal 
axis are represented the crank angles ¢ which represent 
also time, since the angular velocity is constant. On the 
Y-axis are indicated the corresponding piston positions. In 
a the exhaust passages are opened by one piston; at the 
time « they are opened to the extent of s,—s: =8,, where 
Ss, is the maximum opening of the port, and s, the dis- 


ianee of the piston from the dead point. The total time- 


. 
cross-section | I’dt tor the exhaust lead is represented by 


the area abl’; which, on account of the seale used, has to 
be multiphed by D7. In ¢ the regulating edge of the other 
piston passes the admission port. The area cod is the 
useful time-cross-section for the charging process, and the 
author shows that the two integrals which express the time- 
cross-sections of the two engines (in stroke-percentages 
tumes crank angles) are to one another in the same ratio 
as the respective products of the cylinder diameters by the 
speed in revolutions. The part of the stroke which has to 
be sacrificed for the admission and exhaust processes, in- 
creases theretore, for the same processes, with the diameter 


of the engine and its speed in revolutions, and, consequently, 


oda 


the expression * is a constant for all engines with 


properly dimensioned ports, and is denoted by Cy for ad- 
mission and C , tor exhaust. If the dimensions of the ports 
(Cy and ©, ) have been determined (e.g. by tests) for one 
engilie, the dimensions of the ports tor all other engines 
be derived therefrom. 

Equations [7) and 9) permit the proper length of ports 
to be obtained tor any conditions. In all practical cases, 
the deviations from the exact graphical determinations in 
accordance with equations [4, and do not exeeed 3 
per cent and are therefore really so small as to be hardly 
worth considering even in the final design. Attention must 
be called here to certain assumptions which have to be 
taken into consideration in the final application of this 
formula. As was mentioned above, it is assumed that ap- 
proximately 25 per cent more fresh air is blown into the 
cylinder than is actually required for compression and com- 
bustion. This excess of air is obtained by making the 
volume of eylinder swept by the piston of the charging 
pump 1.35 to 1.45 times as large as that of the correspond- 
ing working evlinder. The admission ports are then pro- 
portionally dimensioned if the average pressure in the 
seavenging tank at the average speed of the engine is 0.08 
to 0.12 atmospheres. If in the case of any engine in which 
the admission ports have been calculated in accordance 
with equation [7], a different pressure is used in the seay- 
enging tank, the dimensions of the passages have to be 
correspondingly changed in accordance with the value of 
the Cy for the latter case. The value of %, is determined 
by the initial pressure at the beginning of the exhaust, 
which is to a certain extent proportional to the average 
indicated pressure p;. Since this average indicated pres- 
sure in the case of two-eyele engines varies between 6 and 
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10 atmospheres, the final selected value of C , must be al- 
ways brought in accord with this average indicated pressure. 
The pressure of the exhaust gases in the cylinder at the 
opening of the admission ports should, if the passages have 
been properly dimensioned, amount to 0.3 to 0.5. at- 
mospheres, which is suflicient to prevent the back flow of 
exhaust gases into the charging air. 

For example, in an engine in which the pressure of the 
exhaust gases at the opening of the admission ports 
amounted to as much as 0.8 atmospheres out of the total 
mass of the exhaust gases only three to four per cent have 
come back into the charging air as has been established by 
means of diagrams and analytically. Such a small amount 
will be most likely forced out for the most part by the 
excess of air, which shows that even a back pressure of 0.8 
atmospheres does not cause any serious pollution of the 
charging air. 

The author shows further how to apply this formula to 


the case of a single-pisten engine. 


GaAs CLEANING ACCORDING TO THE New THEISEN PROCESS 
(Die Gasreinigung nach dem neuen Theisenschen Verfahren, 
Stahl und Eisen, vol. 33, no. 51, December 18, 1913, 7Tpp., 
i2 figs. de). During the last few years a new type of the 
Theisen gas washer of the disintegrator type has been 
placed on the market. In several places careful tests of its 
eflicrency have been made. At the Differdinger metallurgical 
plant a large Theisen disintegrator with a water separator 
has been installed at the end of 1912, and is at work since 
then continuously. This disintegrator was designed for pre- 
limimary cleaning of blast-furnace gas at the rate of 40,000 
ebm. (1,412,580 cu. ft.) per hour from a dust content of 

grams per cbm. (1.736 grains per cu. ft.) to 0.3 to 0.5 
(0.1302 to 0.2170 grains per eu. ft.). As a matter of fact, 
however, the gas as it came from the furnace had a dust 
content ot only 0.88 to 1.46 grams per cbm., and the output 
of the disintegrator as regards the purity of the gas was 
therefore even better than the guarantee. Several hundreds 
of tests have been made with this disintegrator in order to 
determine its best efliciency at various pressures and with 
\arlous amounts ot water. 

The power consumption as given in Table 2 includes a 
comparatively high suction and pressure, and would be 
considerably lower with smaller pressure variations. 

At the Rombach metallurgical plant in Rombach two 
Theisen disintegrators with an output of 30,000 ebm. (1,- 
059,430 eu. ft.) per hour have been at work, one contia- 
uously for 14 months. Not long ago careful tests of out»ut 
were also made there and the results are given in Table 3. 
In Rombach the output has been measured by three dif- 
ferent methods, first by a hydro apparatus specially ecal- 
ibrated for this purpose; next by a Rabe tube, and finally 
by means of a gasometer of 4000 cbm. (141,258 eu. ft.) 
capacity and 80 mm. (3.14 in.) of water pressure. The fact 
that the pressure of disintegrator 2 is less than that in 
disintegrator 1 is explained by the presence in the former 
of a washing surface built concentrically around the pres- 
sure fan for experimental purposes. The higher power 
consumption (about 10 h.p.) in disintegrator 2 is due 
partly to greater amounts of water and also to the presence 
of the above-mentioned washing surface, which may be 
considered partly recovered in the way of greater cleanness 
of the gas. The temperatures show that with nearly equal 
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rABLE 2 TESTS OF A THEISEN 


Gas Pressure 


Dust Content in Gas, 


REVIEW 


DISINTEGRATOR DIFFERDINGEN 


Gas Temperature, Pemperature of Water, 


g cbm Deg. Cent. Fahr Deg. Cent. Deg. Fahr 
Gas Volume re- Potal 
ferred to 50 Deg In Suction Between Pressure Water Power 
Cent. (122 Deg. Pipe in Water Sepa- Rise, mm Consumptior Consump 
Fahr.), cbm eu.tt Front of rator and of Water In Front After In Front After In Front Behind 1 ebm and tion, h.p 
per hr Washer, Washer, ot Passing ot Passing of Washer Washer gal cu. ft per Loon 
mim of min of Washer Washer Washer Washer ebm 
Water uter 
$4327, 1,571,742 130.3 1.08 0 020 10.0104 40 5 104.9 30.86 39.5 102 8 0 684 00518 5.55 0.157 
$7353 (1,672,245 — HW) 150 240 1.0 32. 5/90.533.5 92.3 20 /84.2 33.914 0 555 0 OO416 5 43 0 154 
48515 1,716,460 —S5 53 238 O44 O1S 33.3/92 34.5941 29 4585.1 33.8 92 8 550 0 O12 5 22 0 148 
46611 1,649,539 —S5 158.3 243.3 O SSO 00S 32.5/90.5 33.5 92.3 29/84 .2 440 0 5 OO 
TABLE 3 DATA OF TESTS OF A THEISEN DISINTEGRATOR AT ROMBACH 
(Arrangement of Data same as in Table 2 
30252* 1,068,963 —30.0 196.5 226.5 0.22 O14 29 84.2 8 O SO 6 7 0 OO811 410 116 
40312* 1,074,261 —22.9 137.1 160.0 0.35 0.016 30.6/87 31 3.88.3 264796 30 8 87 4 0 6990 00524 4.5.0 127 
33050*, 1,520,288 —55.0 130.0 180.0 387 0 2 9 0 O82 
* Referred to 20 deg. cent. (6S deg. fahr. and 760 mm_ pressure 


entrance temperature of the gas and water there is a slight 
rise of the heat in the water and the gas, originated partly 
by conversion of work in the washer into heat. 

Another disintegrator of the countercurrent type is now 
at work in an Austrian metallurgical plant. There a very 
interesting comparison was made between a Theisen dis- 
integrator and a the Schwartz-Bayer 


Both cleaners take the raw eas from a 


disintegrator of 


system. common 
pipe and send the cleaned gas inte a common pipe again. 
The dust content of the raws gas, the pressure of the latter, 
and the pressure in the cleaned gas piping are therefore 
equal both The output and power con- 
sumption in both apparatus are also practically equal, while 
the water consumption and the degree of cleanness are 
shown by Table 4. These experiments tend to show that 
the Theisen disintegrator under equal conditions of opera- 
tion as compared with the Sehwartz-Bayer disintegrator 
works with about one-half water consumption and about 
ten times higher degree of cleanness. 


for apparatus. 


As regards space re- 
quirements and reliability of operation, the Theisen dis- 
integrator is also materially better than the other type, since 
it requires only a direet coupled 125-h.p. motor, while the 
other type requires two motors of 35 h.p. each for the dis- 
integrator and another motor of 60 h.p. for a separately 
driven fan, 


ARTIFICIAL Coke Oven Gas (Le caoutchoue 
artificiel extrait des gaz de four a coke, in Economies 
réalisables dans Vest et le Nord de la France par Vutilisa- 
tion des gaz des fours a coke et des hauts fourneaur, A. 
Gouvy. Société industrielle de UEst, no. 114, p. 45, Novem- 
1913. 54 pp., 19 figs. d). In an article describing 
various applications of coke oven and blast furnace gas, and 
apparaius for utilizing them, the author mentions also a 
German patent obtained by the Tar Utilization Company 
(Teerverwertungsgesellschaft) of Duisburg, Germany, for 
producing artificial rubber from coke oven gas. The proe- 
esses of Bayer and others are based on the manufacture of 
a hydrocarbon called butadene, 


ber 


and 


converting it into 


isoprene, from which rubber is developed. The new process 
is based on the fact that in coke oven gas there is already 
a certam amount of butadene present; benzole is submitted 
to fractional distillation, of which the products are then 
kept for a certain length of time in contact with sodium; 
the latter causes the precipitation of the sodium compounds, 


and the subsequent polymerization of the other hydroear- 


TABLE 4 COMPARATIVE TESTS OF A THEISEN AND A SCHWARZ- 
BAYER DISINTEGRATOR 
Water Consumption, Cleanness of Gas, 
g cbm g cbm 
Theisen disintregator 0.7—0 9 0 03—0 06 
Schwarz-Bayer disintegrator 13—1.5 03 
hons, which may be intensified by the presence of small 


quantities of ammonia. The rubber obtained is said to be 
good, but the cost of the process is vet high. 

The author attempts to estimate the value cof the blast 
furnace and coke oven gas obtained in Eastern and North- 
ern France, where 4,489,000 tons (metric) of pig iron are 
produced. This output of coke of 
$450,000 metric year, or 511.3 per hour, 
which, at the rate of 4500 eu. m. of gas per ton of coke, 


corresponds to an 


fons per tons 
gives (after the deduction of 40 per cent for the Cowper 
blast heater and 10 per cent of what remains for the blower) 
1,242,459 eu. m. 0.04 frane (30.008) 
per kw-hr. and 5000 hours per year, corresponds to an out- 
put representing 53,300,000 franes ($10,697,000) per year. 


per hour. This, at 


This leaves 3760 hours in which the gas is supposed not 
to be utilized for power purposes, but might be so utilized 
for by-product manufacture, e.g., the production of nitrates 
or nitrie acid. <A similar caleulation is made for the coke 
furnaces. With a demand for approximately 510 tons per 
hour of coke, and a coking efficiency of about 75 per cent, 
680 tons of coal have to be treated per hour, with a pro- 
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duction of gases 190,400 eu. m. One half of this output of 


gas will be consumed by the furnaces themselves, while the 
other halt corresponds to 104,000 kw.. which, for 5000 hours 


of operation per vear, are worth 20,800,000 franes ($5,902,- 


OOO There remains still the output ot 3760 hours, which 
may be used either for chemical manulactures or tor lght- 
ing. the gas in either case having a value of approximately 


trane (80,006) per cu. m., or for the whole, 10,738.260 


es (say $2,033,000). In addition to that, the coke ovens 


mav bb rebuilt in sueh a manner as to permit burning in 
thi { comparatively poor blast furnace gases (e.g., dur- 
Ing the time when the demand for power is insullicient to 
take care of the entire output of blast furnace gases). To 
an lupat of 5 eu. m. of blast furnace gas corresponds ay 

l eu. m. of coke oven gas, and as there are about 
a quarter nullion of eu. m. of blast furnace gas available 


per hour during the 5760 hours per vear when the demand 


is low, and as a cu. m. of coke oven gas may be 


take to be worth trane (30.006). the inereased coke 
oven gas production means an additional source of profit 
ot LS.026.000 tranes The by-products of coke 
ovell mauulacture represent a further sum of 2.50 franes 


(0.48), the total 


and coke oven gases on a production of only 4,480,000 tons 


vain trom the utilization of blast furnace 


vr vear beme as tollows: 
] j 


Millions of 


kr. Dollars 

Mot power from blast furnace g SOOO hours per year, 
04 per kw-h 10 607 

Mot e power trom coke oven gas, same issulmptions as 
208 3 952 

Coke ‘ 1 for chemical manufactures or lighting 
O08 per nu 107 2 033 

i xtia K gas prod ced by the use of blast furnace 
gas int low demand for power 0 320 
By-} ! ke mat 2 831 
Dota 130) 23 S33 
INVESTIGATION. CONCERNING Heat ENGINE OPERATION 
(Lnqgucte sur le fonctionnement des machines thermiques, 


La Tech 


portant Fret 


ique moder vol. 7, no. 11, p. 369, December 1, 


pp. figs. La Technique Moderne, an im- 


ch engineering paper, has determined to start 
an diquiry as to accidents and difficulties connected with the 


use ot 


high thermal etlieency prime movers, such as engines 


highly 


turbines working with superheated steam, 


“poor” gas engines and gas producers, liquid fuel engines, 
either of the explosion or the Diesel type. The following 
points will be investigated; (a) causes of wear and deteri- 
oration of turbine blades; (6) difliculties encountered in the 
appheation of high superheats in reciprocating steam en- 
eines; (c} causes of rupture of air pump beams and shafts 
in reciprocating air pumps; (d) causes of rupture of bolts 
in the connecting rod head of single acting gas engines and 
causes of ruptures in internal-combustion engines generally; 
(e) eauses of explosions in the casing, pipes, ete., of inter- 
nal-combustion engine plants, ete. 

The leading idea of the investigation appears to be that 
many aceidents and troubles remain unexplained, and fae- 
torv owners often hesitate in adopting a new type of en- 
wine, notwithstanding the economy that might be obtained 
by making the change, through fear of installnig too com- 
plicated and delicate apparatus. This brief program of 
the inquiry is followed by an article by Professor Letombe, 
of a general character, on various types of heat engines. 
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New Prosects AND EXPERIMENTS IN THE Gas TURBINE 
(Neuere Vorschlige und Versuel Gasturbinen, 
Sel) iltz. De r Motorwa en, vol. 16, no. o>. p November 


30, 1913. 


proposed within the last few 


5 S fies, dg). A review the 


COMpressors 


vears lor use in connection 


with gas turbines. such as the Pittler blower, the Brown 
Boveri blower (works by means of an oscillating mass of 
water acting as a piston, somewhat like the Ilumphrey 


Lehne con 


As gvards the materials to te 


pump), tie pressor, the Armengaud-Lemale SVS- 


tem. ete. vas turbine 


construction, the most serious prot lems arise eo ection 
With the constructiol ol turbine wheels bla es which 
are subtec ted to high stresses at the same time as to high 


temperatures. This is similar to what the steam turbine 


engineer has to deal w ith, with the difference, however, that 


the gas turbine material must also stand the chemical action 


of some of the constituents of the gases, e.g.. hvdrogen 


sulphate and sulphurous acid. The tests of Jahn have 
shown that the alloy which stood very well the chemical 
action of these vases at 420 to 436 deg. cent. (788 to 816.8 
deg. fahr.) consisted of approximately 52.5 per cent copper, 


» 


per cent cobalt and 25.5 per cent zine, while the action 
of wet sulphurous acid was best 


resisted by an alloy of 
per cent copper, 50.4 per cent cobalt and 17.4 per cent 
Zine. 

A New 


einer neuen Torf- Sauggasinstallation, H. 


TeSTS OF Peat Suerion Gas INSTALLATION (Ver- 


suche mit 


Glasers 
Annalen fiir Gewerbe und Bauwesen, vol. 73, no. 875/11, 
p. 208, December 1, 1915. 2 pp., 7 The tests 


were made with peat suction gas engines and generators of 


figs. de). 
German manufacture, the engine driving a dynamo (90 kw. 
at 740 r.p.m.) supplying current for the various require- 
ments of the factory where the tests were made. The power 
output varied within wide limits and suddenly, jumping 
it, then to 68 kw., from 
Not- 
withstanding all these changes, the composition of the gas 
did not fuel 


consumption the following data are quoted. power 


from normal load to one third of 
which it fell to no-load, only to change back to 68 kw. 


vary to any very serious extent. As regards 
The 
delivered by the dynamo as indieated by the wattmeter was, 
for a 6-hour run, 420.5 kw-hr., to which corresponded a 
fuel consumption of 929.1 kg. (2044 Ib.) of imperfectly 
dried peat. or 2.21 kg. (4.86 lb.) per kw-hr. (repeated con- 
trol tests have given less satisfactory results). The eurrent 


consumption for the fan drive took 5.3 kw., or about 7.5 


per cent of the total power developed. In installations of 
more permanent type the fan ought not to take more than 
{) per cent, In which ease the total fuel consumption would 
794). 2.21 ke. 5.17 Ib. per 


The peat was rather poorly dried (59.28 per cent 


amount to (100 2.35 kg. 


of moisture). 


THERMAL AND MECHANICAL 
Meraus. Cast 


Metuops or Snore Treart- 


MENT O} HARDENING (7Traitments thermiques 
et mecaniques des métaur a Vatelier, Cementation, F. Robin. 
Revue de mécanique, 109, November 30, 
1913. 50 pp., 24 the ab- 
stract will appear i Two kinds of 


distinguished: complete carburization 


vol, 


ap. 
future issue. ) 


no, 5, p. 


figs. The seco: d 


part of 


= 


la 
carburization may be 


case 


of metals or core carburization; and ease carburization or 
case hardening of metal parts which must support eonsid- 
erable penetration stresses and at the same time must pre- 


serve as much of their malleability as possible. 
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The author discusses the various theories of case car- 
burization and comes to the conelusion that carburizing 
action must be ascribed practically exclusively to carbonifer- 
ous gases, namely, to carbon monoxide. In this connection 
it becomes important to consider the value of gases given off 
by various kinds of carburizers in use, especially in view of 
the fact that an excessive evolution of such gases may cause 
explosions during carbonization. De Nolly and Veyret have 
studied this problem and recommend the tollowing precau- 
tions: (a) To avoid animal and vegetable matter giving off 
too much gas at low temperatures. (b) To use with barium 
carbonate (30 to 50 per cent) only charcoal carbonized at 
a very high temperature. ‘The evolution of gas is thus 
smaller and the percentage of hydrogen lower. (c) To heat 
the mass slowly up to 700 deg. cent. (1292 deg. tahr); the 
air can then escape and the violent evolution of gases at a 
temperature around 700 deg. cent. is reduced. 

As regards possible weakness of the core of the ecar- 
bonized part, nitrogen is only occasionally the cause, but 
hydrogen is far more dangerous in that it produces hard 
or brittle places consisting of pure ferrite. 

The evolution of gases with different kinds of carburizers 
in use occurs approximately in the tollowing manner: 
Pure charcoal at temperatures from 0 to 300 deg. cent. 
(32 to 572 deg. fahr.) evolves gases which are absorbed by 
the chareoal itselit. At 300 deg. cent. (572 deg. fahr.) 
there is a minimum of gas generation. The air is driven off 
and the volatile gases are still occluded. From 300 deg. to 700 
deg. cent. (572 to 1292 deg. fahr.) the internal evolution of 
the gases takes place, and at 700 deg. cent. there is a maxi- 
mum of evolution equal to about 30 times the volume of 
the charcoal. Beyond that temperature the evolution of the 
gases «lecreases. At 1100 deg. cent. (2012 deg. fahr.) the 
contents of carbon monoxide inereases a little. At the see- 
ond heating the evolution of gas is very weak. The mix- 
ture of barium carbonate and charcoal caleined at 1000 deg. 
cent. (1832 deg. fahr.) gives off practically no gases until 
600 deg. cent. (1112 deg. tahr.), the evolution of the gases 
reaching its maximum toward 1000 deg. cent. At 1050 deg. 
cent. (1922 deg. fahr.) the gas contains 75 per cent carbon 
monoxide and 12 per cent hydrogen. Ferro-cyanide ear- 
burizers reach their maximum of evolution of gas at about 
800 deg. cent. (1472 deg. fahr.), but very rapidly cease to 
give off gas. 

Case carbonization is therefore the result of the absorb- 
tion by iron of the carbon left in the carburizing material 
by the evolution of the gases, but in order that iron might 
absorb carbon, it must be in the allotropic state 7, since iron 
in the state ¢ does not dissolve carbon, at least not con- 
stantly and in a useful manner. By heating iron in close 
contact with the carburizer above 700 deg. cent. (1292 deg. 
fahr.), or even up to 560 deg. cent. (1040 deg. fahr.) the 
beginning of carburization is obtained. Giolitti and Carne- 
vali have shown that steel with very low content of carbon 
is not carburived at all below 780 deg. cent. (1436 deg. 
fahr.), and they explain facts to the contrary mentioned 
above by supposing that carbon monoxide easily penetrates 
into iron at the temperature around 500 deg. cent. (932 deg. 
fahr.) and by decomposition deposits there earbon which 
is not really dissolved in the iron. Charpy appears, how- 
ever, to have produced under these conditions superficial 
cementite which tends to show a certain solubility of ear- 
bon. Ilowever, industrial case carbonization of iron does 
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not begin until about S850 deg. cent. (1562 deg. fahr.). 
Steel subjected to case carbonization often has an initial 
content of carbon of 0.3 per cent, not counting manganese, 
silicon and other elements. The point of transformation in 
such cases easily reaches 780 deg. cent. (1436 deg. fahr.), and 
the carburization once started, the piece of steel is rapidly 
covered by a thin layer of iron more or less saturated with 
carbon of which the normal temperature of transformation 
is only 700 deg. cent. (1292 deg. tahr.). Between this ex- 
ternal layer and the core of the metal piece there are formed 
other layers of a transitional nature with regard to the 
point of transformation which gradually rises as the layer 
is deeper inwards. The diffusion of these layers trom one 
to the other oceurs the more rapidly the higher is the tem- 
perature used, but is very slow and more often ceases alto- 
gether at a certain point if the temperature is below the 
temperature of transformation in that region, lence the too 
sudden transition in the composition of the piece which may 
be harmtul to the strength of the case carbonized layer. 
The pieces when case carbonized ought, therefore, to be 
heated at least up to 850 dee. cent. (1562 dee. tahr.). For 
the investigation of the results of the case ecarbonizing oper- 
ation two methods may be used -chemical analysis and mi- 
croseopie investigation. 

For the chemical analysis. very thin shavings trom the 
surtace of the metal might be taken by a milling machine 
and analyzed, thus showing the distribution of the carbon 
throughout the depth of the prece. This process is very 
useful in seientifie investigations, but cannot be couveniently 
applied in the shop where microscopic investigations are 
preterable. The microscope shows the thickness of the car- 
burized layer with its variations in the content of carbon 
and the physical structure of the core, the transitionary 
layers and the periphery on which depends the cohesion of 
the various regions and the brittleness of the whole jnece, 
but the microscope does not indicate the sulphur contents 
and the presence of occluded gases—factors of great im- 
portance for determining the quality of the final product. 

The author shows by figures how various iren-carbon 
compounds look under the microscope. 

Thiekness of carbonization should be not more than one 
third of the depth of the piece carbonized, since otherwise 
rupture through excessive brittleness of the periphery may 
be produced. If the piece is case hardened only on one side, 
however, it is said that the carbonization may co as tar as 
one-half of the depth. In cases where the e¢arbonized 
piece is subject to shocks, it is necessary that the depth 
should be less than when it is subject only to static stresses. 

As regards the selection of carbonizing materials, the fol- 
lowing general conditions may be stated: (a) The car- 
burizer ought to have as high a velocity of carburization as 
possible, since the longer the operation lasts the more ex- 
pensive it is and the more chance there is for the metal to 
change its properties. It is also better to work at as low 
a temperature as possible. (b) The ecarburizer must not 
contain sulphurous matter, as the metal absorbs it and _ be- 
comes hot short. At most there may be up to 2 per cent 
of sulphur at a temperature between 900 and 950 deg. cent. 
(1652 to 1742 deg. fahr.). At between 950 and 1000 deg. 
cent. (1742 and 1832 deg. fahr.) the sulphur volatilizes. At 
the surface 0.88 per cent of sulphur has been found. (c) 
The carburizer must be as good a conductor of heat as pos- 
sible. This is important in order to minimize the errors 
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due to the difference of temperature of the turnace and the 
pieces carbonized, each of the latter being heated in the 
powder in order to avoid the inconvenience of too long 
cooling. (d) It must have as low specific heat as possible. 
This property is necessary for the same reason as tlie pre- 
ceding one. It is always well to heat up the box as quickly 
as possible, in order to avoid substantial errors with respect 


to the time of heating and its temperature, as well as to 


eliminate useless heating losses. (e) The carburizer must 
not alter the surtace of the piece. Scratches, erosions, ete., 
require expensive machining and are harmful to pieces 
where precise dimensions have to be maintained. (f/f) 


Where brittleness must be avoided at all costs, it is neces 
sary to adopt other conditions, often less compatible with 
tie 


the 


preceding ones, namely: (a)Progressive penetration ot 


carbon into the iron: a carburizer which aets too sud 


denly and roughly produces often hypereutectoid layers. 


When precision in the operation is required with the forma 
the 


ol that 


but hard layer, the composition and action 
(b) In addition 
a good carburizing powder has to satisfy the fol- 
lowing 


ot the carburizer have to be 
to that, 


very exact. 


ditions: (a) it must contain materials which can 


be easily powdered in order to give a uniform and close 
mixture; (%) it must not exhaust rapidly; good case car- 
burizers can be used many times with great economy and 
regularity ot results. (¢) It must not be expensive; must 


be 


excessive 1n 


lree ot danger ol explosions ; and must net produce dust 


quantity or dangerous in action. d) It must 


not decrease in volume while in the carburizing boxes, since 


the heaping up of the earburizer would become unequal and 
some pieces undergoing ease hardening might be left bare. 
tence the ecessity to avoid too fluid or volatile elements 
in the composition adopted. 

The author diseusses in detail the use of various ear- 
burizers—solid, liquid and gaseous. Among solid ear- 
burizers the best known are mixtures of carbon and salts, 


the carbon used being for the most part charocal powder, 
the best being poplar charcoal which gives charcoal prac- 
tically tree from sulphurous matter. A mixture very widely 
used is that of charcoal and barium carbonate, the propor- 
tions generally adopted being 60 per cent of carbon and 40 


per cent of barium carbonate. This mixture aets mainly 
through the evolution ot carbon monoxide. Whether the 
presence of nitrogen is absolutely necessary for the car- 
burization or not has not been fully established. Barium 


carbonate is selected tor its high temperature of dissocia- 
tion. Caleium carbonate substituted instead of it gives an 
evolution of gas at considerably iower temperature, but the 
proportion ot anhydride carbonate is much larger, which is 
not favorable to good carbonization. 

The author shows by a diagram the depth of penetration 
with the mixture of charcoal and barium carbonate for vari 
ous temperatures and lengths of carbonization, prepared in 
accordance with the experiments of L. Guillet. 

With a mixture of charcoal, barium carbonate and ferro- 
eyanide, the admission of potassium ferro-cyanide appears 
to heighten the activity of the carburization process and to 
merease the hypereutectoid layer at the temperatures of 
industrial case hardening. An interesting point to remem- 
ber is that powder which has been used several times is 
still very good and often even better the second time than 
it was the first time, probably owing to the loss of moisture; 
no iron is found in the state of free ferro-ceyanide when the 
heating took place at the high temperature. 
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Mixtures of other salts have been tried with charcoal, 


giving practically analogous results to the use of the mix- 
ture of charcoal and barium carbonate, but the carbonizing 
of much 


power the material used would become exhausted 


more rapidly. A mixture of charcoal and sodium chloride 
(10 per cent of the latter) gives a good carbonizer and 
possesses regenerative power, is very cheap and can be used 
for case hardening to a depth of 1 mm. (or .04 in.) It 


A 


following carburizers tor 


is, however, too long to heat. lrench investigator, Gre- 
the 


They are arranged in the order of speed of carburization 


net, mentions use in shops. 
and price: 

(a) A mixture of sawdust with forge coal containing 30 
of volatile matter. A pulverized 


charcoal, 1 kg. with 142 kg. of sawdust and 0.1 kg. ot 


per cent (b) mixture 
sodium 
chloride. (c) A mixture of 0.5 kg. forge coal containing 
30 per cent of volatile matter, 0.5 kg. of carbonized leather, 
0.1 ke. of sea-salt and 0.5 kg. of (d) A 
of 1 kg. of carbonized leather, 1 kg. of sawdust and 0.2 kg. 


ol patents of 


sawdust. mixture 


ferro-evanide. According to the Lamargese, 


chareoal from certain definite woods, and especially trom 


resinous woods, alone or with an addition of silicon, 


vives 


excessive hardness. Coke impregnated DY residues trom 


petroleum «distillation is an active carburizing material. but 
ot ditferent 


vular which 


ditferent 


it 1s irre composition, causes re- 


and 


concentrated solution of potassium-eyanide or charcoal and 


suits in operations. A mixture of chareoal 


ferro-cvanide has been patented as a means of obtaining 
rapid ease hardening admitting good practical control of 
results. It appears also that the view that the addition of 
evanide of nickel or potassiutn bichromate to the carburizing 
material produces penetration of nickel or chrome into iron, 
is incorrect. 
author has made at the 
high temperature around 1000 deg. cent. (1852 deg. fahr.), 
the most intense case carburization appears to have been pro- 


In all the experiments which the 


duced by a mixture of charcoal with 40 per cent ot barium 


The most with the largest 


ot 


ormulas 


carbonate. violent carbonization 


hypereutectoid layer at all has been obtained by the use 


earbon alone. There may be an infinite number ot 
by the use of which good results may be obtained as long 
as these formulas do not depart from the general rule: 
carbon, or products evolving carbon, added to little vola- 
tile salts, preferably carbonates or cyanides, which act as 
generators of gases with the carbon base, these salts being 
in a powcer in a quantity equal to that of the carbon. The 
author only cautions against the use of toxic products or 
products giving off poisonous gases, as well as nitrogenous 
products which in mixture with the carbon may preduce 
explosions. Saltpeter in particular must be used only with 


the since otherwise a mixture approaching 
A mix- 


ture of 69 per cent of saltpeter, 29 per cent of prussiate 


ereatest care, 


the composition of black powder may be produced. 
and 9 per cent of colophonium gives also a rapidly acting 
explosive. 


A NEW 
AND 


PYROMETER, 
(Ein 


oplisches Pyrometer: das Radium-Pyrometer, und ein mit 


THe Rapium 
Buack Bopy 


OpricaAL PYROMETER: 


1 Gas Heatep, ABSOLUTELY neues 


Gas beheizter, absolut schwarzer Kérper, W. Allner. Jour- 
nal fiir Gasheleuchtung, vol. 56, no. 47, p- 1145. 
d). 


5 7 
figs. A brief discussion of the theory of optical pyrom- 
eters followed by a description of a new type invented by 


the author. The radium pyrometer uses for the light stand- 
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ard not an clectrie light, but a special radio-active product, 
the the 
0.65634, but in the green radium line of 


end the measurement is made not in red line of 


hvdrogen, 


0.550". The radium pyrometer is not as accurate as 


either the Wanner or the Holborn and Kurlbaum pyrom- 
ciers, since the radinm light decreases at the rate of ap- 
proxmnately 14 per cent per month, or 20) per cent per 


Steam Engineering 
MLECTRICALLY 


( luassen. 


Operarep VALVES AND THEIR APPLICATION 
Lentile 


/eitschrift des 


hene und ihre Verwe nduny, 
Vereines deutscher Ingenicure, 
vol, 57, no. 49, p. 1946, December 6, 1913. 5 pp., 15 figs. 
d). The gate valve las a great advantage over the slide 
valve in that it is materially cheaper to build and therefore 
in small and middle sized plants it will probably be used tor 
a long time to come. It becomes therefore of importance 
to provide means for its improvement, and especially tor 
ways to close and open at a distance. One of the most con- 
venient methods of doing it is by electric operating attach- 
ment. One of the devices for electrically operating large 


valves is shown in Fig. 10, providing both for an electric 


Fics. 9 anp 10 


ComMBINATION Hanp Operatep VALVE 


and hand operation. The motor is so installed that it does 
The high speed of rotation of the 


motor is reduced by means of a worm drive, and at the 


not take mnuch space. 


highest and lowest positions of the valve cone the eurrent 
is automatically cut out. connected 


with manometers and special switching devices; for example, 


These valves can be 


if in the low pressure piping a contact manometer is in- 
cluded and set at 6 atmospheres, contacts are provided for 
6.1, 6.05, 6, 5.95 and 5.9 atmospheres. If the pressure goes 
cown from 6.1 to 6 atmospheres, the valve by the action of 
the current is opened one-quarter of its stroke and is closed 
automatically again when the pressure rises to 6.1 atmos- 
pheres. When too much steam is drawn off and the valve 
must be opened still more, it will open one-half stroke at a 
steam pressure of 5.95 atmospheres and will open fully at 
5.9 atmospheres. 

In the same manner as the pressure reducing device, the 
electrically operating valve may be used also as a safety 


valve in ease of the rupture of the pipe, Fig. 11. Here 
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also a contact manometer is used. As soon as the pressure 
in the pipe talls off owing to the rupture of the pipe, the 


indi ator ot the The 


until the 


the manometer closes current. valve 


1s immediately élosed and remains closed 


pressure 
in the piping rises to its initial value. 


In large water pipe svstems a float device with eontaects 


may be used in a similar manner instead of a manometer 


either with or 


valve 


Without an alarm device. The electrically 
aid eold water has to be maintained at a certain tempera- 


ture. In this 


operated may be also applied where a mixture otf 


case a reeeiver thermometer, Fig. 12, is in- 
a) 


I 


pie 
4 — 
perated 
= Contac? 


Fig. 11) Valve With SIGNALLING ATTACHMENT AND ELeecrricaLLy OreraTeD 
Device ror AvTOMATICALLY CLOSING IN Case oF Ruprure or Pipe (FOR 
STEAM AND Gas PipinG 


stalled with a number of contacts to which correspond a 
similar number of contacts on the switchboard, the ther- 
mometer closing and opening the current at the contacts 
and thus producing respective variations in the position of 
the valve. 

In tie same manner may be regulated the temperatures of 
and ventilator 
One of the peculiarities of this system is that it can be used 
only with high tension current. 


steam water heating systems or systems. 
This makes no difficulty 
in water pipe systems where electrie power is generally used 
all the time, but in small steam plants its dependence on 
Where high ten- 
sion current is not available, valves operated by eleetro- 
motors ata 


high tension current is a disadvantage. 


listance cannot be used. The problem of oper- 


ating valves at a distance in such cases has been solved in 


various places in different ways. 


Thus in Moscow, where electric current is not 


available for the use of the water supply system, special 


always 


arrangements had to be made to close the water supply in 
otherwise 
the pressure available would not be sufficient for the opera- 
tion of the fire engines. 
Simin valve, Fig. 15. 


houses in districts where a fire occurred, since 
This was done by means of the 
In case of a fire, the water supply 
station sends a pressure surge into the piping, and by this 
means all the valves in the private houses are closed. 

In the Singer Sewing Machine Company's plant at Podolsk 
in Russia, an electrically operated valve is used, but instead 
of an electro-motor the lever of the valve is operated by a 
system of electro-magnets, Fig. 14. The magnets, a, are 
excited by wet batteries. which may be switehed in at any 
place desired, the magnets then attracting a common arma- 
ture, b, which liberates the tip ¢ of an intermediate piece. 


The lever of the pipe isolating valve presses against d, and 
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by its own weight as well as by the water pressure agaist 


the pipe isolating valve d, 1s turned outwards, but as soon 


ay the lever ot the pipe isolating valve falls dowh, the spr 


draws back Its old position. 
An impreved type of the same kind of valve manuta 
] } ] ] 
fured by a Grertian ceoneern is also deserpbed cdeta 
ke Le | | ‘ \ | 
Dai turbinenbetrieb, Protessor Josse and Ik. 
Signe 
Regulating board 


Thermometer 


1 
‘Mixing 
3 Valve 
Fic. 12) Evecrricatry Mixine Vatvs 


10, no. serial article, not finished. 


An abstract of the rest of the article 


35 and following, 


will appear in an 
early issue At the end of 1912 Protessor Josse sent out 
a circular letter to a large number of electric powel plants 
equipped with steam turbines for the purpose of obtaining 
a general view of the experiences gained during the last 
few vears in steam turbine operation from a technical and 
About 
out, and approximately 50 per cent answered, which gives a 
The 


this investigation were worked out later on by K. 


economic of view, 130 such letters were sent 
fairly good view of the situation as it is in Germany. 
data ot 
lioeter. 

All the turbines have been divided into two main ¢lasses: 
average size, from 250 to 1000 kw., and large turbines with 
the usetul output in excess of 1000 kw. 


tion has 


Further, a distine- 


been made between the following five classes: 


with a 
high pressure impulse wheel such as the Curtis wheel: (c) 


(a) pure reaction turbines ;* (b) reaction turbines 
pure impulse turbines such as the Zoelly; (¢) impulse tur- 
bines with a high pressure Curtis wheel; and (e) impulse 
turbines with Curtis wheels only. 
This that for 


output the pure Curtis system prevails, while the reaction 


investigation shows turbines of average 


turbine is mainly used in large sizes. The selection of the 
turbine type is, of course, governed not only by technical, 
but also by commercial considerations; but it must be borne 
in mind that the introduction of the impulse and Curtis 
types have begun later. Still it appears that the reaction 
system is more adaptable to large than to small sizes. 

The investigation has confirmed the fact which has been 
generally known before, namely, that the sizes of turbines 


The difference in 
the rate of increase for various types of turbines cannot, 
As regards the introduction of 
turbines, iliere was a noticeable falling off in the vear 1910, 
due probably to the economic disturbances of 1908; but in 
the last two or three years there was again a rapid move 
upwards. 


have a tendency towards rapid increase. 


however, be established. 


In 1912 only there have been installed new tur- 
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bines with a total capacity of approximately 115,000 kw. 


and average power of 4250 kw. per unit. 
drum turbines and 
for outputs of 


LoW0 kw.; for larger outputs up to about 4000 kw. the speed 


The speed of rotation in the 


‘ 
ol 


polyphase generators us ially 


is us about 1500 and goes down to S80 r.p.m,. 


for a still higher output. In dise turbines driving poly- 


phase generators this speed varies trom o000 rp.m. tor 


kw. to about 1500 


With 


Is doy only In the 


uitputs up te in the 


case 


of larger outputs. turbines driving direct-current 


renerntors, whie case smaller 


nits, 


the speed used is usually lower, owing to commutation 


troubles at higher speeds. The turbines work without ex- 
ceeptio vith superheated steam at about 300 dee. cent. 
(572 deg. fahr.) and pressures up to 12 atmospheres gage 


Simin Vatve ror Town Fire System, Operatep BY a Pressure 
SURGE FROM THE Main SOURCE 


= 
4 
J 
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q 
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with condensation. The number of stages in the ease of re- 


action turbines is indicated in Table 5. 


TABLE 5 NUMBER OF STAGES IN REACTION TURBINES (GERMAN 


PRACTICE) 

Steam pressure, atmospheres gage.................6. 2 12 
Temperature, deg. 300/572 300/572 
Number of pressure stages............. two-rim no im- 

impulse pulse 

wheel and wheel 

50 stages 71 

stages 


The new types of reaction turbines and impulse turbines 
of the Zoelly type are provided nearly always with one high 
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pressure impulse wheel which is usually made with two 
and sometimes three velocity stages. lt was found that 
during 1912 the Zoelly impulse turbines have been built 
with smaller numbers of stages. When lower speeds are 
used, the number of stages is generally larger than with 
higher speeds, which is of course required in order to ob- 
tain good peripheral velocities with a 
which is not excessive. 


diameter of wheel 
The pure Curtis turbines are built 
mostly with two pressure stages and two velocity stages per 
pressure stage, and only seldom with more pressure stages. 

Governing. A universal effort has been observed to make 
governing as sensitive as possible. All the concerns building 
turbines are passing from pure throttling governing to a 
combined system of governing or nozzle governing, which 
is more economic at partial loads. Nevertheless in the 
largest number of turbines, especially small turbines, now 
in operation throttling governing is used, which is due to 
the fact that combined governing in the case of reaction and 
Zoelly turbines has become possible only through the intro- 
duction of the high pressure Curtis wheel. In the majority 
of cases the governing is operated by means of a servo- 
motor which usually works with oil under pressure. The 
latter system is replacing former designs where steam was 
ased as motive power. The sealing of stuffing boxes is done 
nearly exclusively by steam, and cases where oil or water 
is used as sealing liquid are comparatively rare. The use 
of oil is undesirable on account of the possibility of the oil 
penetrating into the water of condensation, which would 
destroy the advantage which steam turbines have with re- 
spect to reciprocating engines. The regulation of the steam 
sealing pressure is done nearly always by hand, and auto- 
matic devices for this purpose are provided in only rare 
cases. 

The safety of the operation of steam turbines is generally 
considered very high, but it is claimed that a steam turbine re- 
quires the same care in attendance as reciprocating engines. 
It is also noticed that the cause of breakage of steam blades 
can be in only rare eases established with certainty. It is 
sometimes ascribed to imperfect installation, at other times to 
non-uniform cooling of the rotor, while in many cases poor 
material has been probably the cause. It is also very likely 
that the properties of material are so affected by continu- 
ous work at high temperatures that the material cannot 
withstand the stresses which occur in it. Besides the blad- 
ing, the layers of the cams and the servomotor require the 
most attention. 

Generators. In the ease of direct current generators the 
voltage seldom exceeds 500 volts. In polyphase and two- 
phase generators the voltage varies usually between 2000 


and 3000 volts, and is often as high as 6000 volts. For 
still higher tensions 10,000 volts is usually selected. Direct 


current is found only in small plants. Noise produced by 
the generator sometimes exceeds permissible limits. It has 
been observed that it may be reduced by passing the cooling 
air, not into the machine room, but direct into the atmos- 
phere through a special passage. The air heats up in the 
generator usually to 40 or 50 deg. cent. (104 to 122 deg. 
fahr.), while temperatures up to 60 deg. cent. (140 deg. 
fahr.) are still permissible. Sometimes water cooling is 
provided. In nearly one-half of the generators the cold air is 
filtrated, which is done in order to prevent short cireuiting 
by the deposits of dust; especially in turbogenerators, which 
have been installed lately, is such a device provided. 
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Condenser Plants. 


The prevailing type is the single 
surtace 


Jet are installed usually 
with turbines of small output, but sometimes also in large 
turbines up to 7000 kw. A central condenser has been found 
only in one plant, while in several cases jet condensers have 


condenser. condensers 


heen provided as a reserve to an existing surface-condenser 
system. In single condenser installations the 
is so smalj that it ean be determined only by 


measurement. 


pressure fall 
a very exact 
only 0.5 per 
cent had been observed, while the highest fall of pressure 
indicated is only 1.7 per cent. 


In several cases a pressure of 


As regards the vacuum, the 
requirements are increasing all the time. In modern power 
plants a vacuum of 93 or 97 per cent is found, while even 
as high as 98 per cent is given as existing in a number of 
plants. The correctness of such data as 97 or 98 per cent is 
very often doubtful since, as Professor Josse has previously 
shown, it is very difficult to measure correctly high vacua; 
and it appears that in several cases where the control test 
of the vacuum can be made by measuring the temperature of 
the warm water of condensation, this temperature was 
higher than the saturation temperature corresponding to the 
given vacuum, and the difference was much larger than 
would be ascribed to errors of observation (from 10 to as 
(18 to 54 deg. fahr.). It is there- 
fore reasonable to suppose that in the most cases the high 


vacua from 94+ to 98 per cent were not actually available. 


much as 30 deg. cent. 


It did not prove possible to express by means of curves 
the relation the and vacuum. 


With the vacuum of 95 to 97 per cent, the amount of cool- 


between load on condenser 


ing water equal to about 60 times that of water of con- 
densation, and the cooling temperature ot 15 to 20 deg. 
cent. (59 to 68 deg. fahr.), on the average, a load ot 22 to 
23 kg¢/qm. (4.43 to 4.63 lb. per sq. ft.) per hour has to be 
taken. The amount of cooling water per kg. of steam varies 
between 40 and 80 kg., the lower value being of course for 
colder cooling water and vice versa; on the average about 
60 times the weight of cooling water is used. 

For the packing of condenser pipes the use otf stuffing 
boxes appears to be preferred, nearly two-thirds of all con- 
densers being equipped with them. In other condensers the 
pipes are rolled in, the different types of packing being 
equally used both in small and large condenser units. The 
use of rubber rings is rare, unless stuffing boxes are also 
used. Sometimes the pipes are rolled in on one end and 
provided with stuffing boxes on the other, which permits the 
pipe to move freely. 

As regards the types of pumps in connection with con- 
densers the wet pump and the centrifugal pump for cool- 
ing water still predominate, owing to their simplicity and 
low cost. The wet pump is mainly driven by an eccentric 
from the main turbine. When the suction of the water of 
condensation and air are done separately, the centrifugal 
pump is mainly used. The suction of air by means of jet 
devices is still rare, owing probably to the fact that this 
kind of apparatus in a simple form has been introduced 
only recently. 

It is worth while to notice that the power consumption 
of separately driven pumps is higher than when the pumps 
are driven from a common source, which may be ascribed 
to the fact that the losses in a number of small motors are 
generally larger than when one large source of power is 
used. The driving of the pumps by means of the steam 
turbine appears to involve a larger power consumption than 
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by means of an eleetric motor, probably due to the larger 
-peed of rotation when a steam turbine is used. 


The 


always used for the low pressure part of the main turbine. 


exhaust steam of the auxiliary turbine is nearly 


lhrect feeding of boilers by means of a condenser pump 


taking water by suction from the condenser is met with only 
seldom, although this system admits the simplest automatic 


regulation of the water level in the boiler, and reduces the 


heat losses to a minimum. The additional water used tor 
feeding the boiler is as a rule previously passed through 
a water cleaning device. Since the presence of oil in water 


ot condensation of steam turbines is not expected, in no ease 
oil separator device used, but it must not be forgotten 
a certain amount of impurities may be 


the 


Introduced by 


the action of condenser pumps, which may, however, 


happen only where wet pumps are used in the condenser 


plant, or where a separate suction of air and water of econ 


densation is used, and the latter is handled by reciprocating 


Humps which use oil for lubricating their stufling boxes. In 


more modern condenser plants the water of con 


pes ol 


densation is taken care of nearly exclusively by centrifugal 


pumps, so that all pollution by oil is eliminated. 

Misturbances in the action of condenser plants are ex 
tremely rare, and when they oceur they are mostly due to 
The 


course be inspected lrom time 


poor matemal or 


umperfection im handling the plant. 


ves of the pulps must of 


excessive Wear may be a source of trouble. and 


case of afieet the vaeuum. 


pumps may 


CINDERS AS A Fue. ror Stream Borer Fur 
NACES (hauchkammerlische ais Brenunstoff fiir Dampfkessel, 


Aeitschrift des Vereines deutscher 


©. Nerger. lnoenieur 


vol. no. 52, December 27, 1913. 4 pp.. 5 figs. 
de). There were numerous attempts to utilize tor tuel pur 
poses locomotive smoke han emiders which eontal 


3500 to 4500 WE. But all 


such attempts have generally proved unsuceessful, owing to 


(0500 to STOO 


per Ib.). 


the ditiienlty of burning the eimders on any kind of grate, 


the grain of the eimders being very uneven, and varving 


trom tine dust to pieces up to 5 mm. (or 0.2 in.). Several 


experiments have hee nade on burning such eimders to 
gether with coal rich in gaseous compounds on undergrate 
blast furnaces, such as the Kudliez or Kridlo types, but 
these turnaces require that the charging. shifting of the 


re and removal ot clinkers be made by hand: so that fre- 
quent opening of the fire doors allows the entrance of cold 
air with its attending heat loss, and at the same time makes 
it diflicult to maintain an even fire. Even at that, the cin 
ders did net burn well and a large proportion of them were 
carried over into the ashes or sent out through the flue. 


The 


every year led the German engineers to experiment actively 


tremendous amount of locomotive cinders obtained 


in order to find a system by which this kind of fuel could 


be burned without an admixture of coal rich in gaseous 


compounds. Attempts have been made to use special forms 
of arehes, chain grates, inclined-step grates, and so on, but 
up to this time no attempts were successful in burning more 
high gas 
It was only lately that the State Railway Adminis- 
tration Division of Breslau, in installing a large roundhouse 


than 40 per cent of the cinders in a mixture ot 


coals, 


at Oels, again made a series of experiments on the utiliza- 


tion of locomotive cinders for boilers with what appears 


to be fair suecess. They use a modified type of forced draft 
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039 


turnace with traveling 


With 


the ordinary type of the Pluto stoker, the operation was 


grate of the Pluto stoker type. 


not quite success! ul, as notwithstanding the motion of the 


hollow grate elements, the cinders have exhibited a tend- 


ency to bake together and in this way to interfere with the 


traveling of the fuel over the grate, which very unfavorably 


affected the steam output of the boiler. Further, the baking 
of the eimders prevented the air from reaching the fuel, re- 


sulting in incomplete combustion and the passage of a con- 
cinders into the ashes. 

the introduction 
After this 


form ¢linkers on 


siderable amount of the 
advantayes 


the 


The main were secured by 


of steam into hollow grate elements. was 


done, the slags remained fluid and did not 


the grate elements, the travel of the tuel over the erate be- 


cane better and greater combustion velocities became possible, 


Further, the action of steam helped to obtain tar more 


powerlul combustion than was possible in the early experi- 
ashes 


mets, the well 


little « 


were burned out and contained only 


mibustible material. The other modifications were of 


secondary nature and referred to regulation of velocity, 


distance ot 


motion of the hollow erate elements. air pres- 

sure of the grate. ete. 
These experiments have shown that with the modified 
Pluto stoker, it is fully possible to obtain a comparatively 
etliereney of combustion with locomotive cinders. The 


main element of success in this test was a continuous break- 
Ing up ol the fuel by the relative motion of the hollow vrate 
elen ents Ww hieh eave the amr ot comb Istion means of access 


The hig! 


been 


to the el, combustion temperature required in 


this euse has made possible with the Pluto stoke by 


Fie. 15. As 


work Is arral eed thannel 


of a special fire return areh, shown, 


the briek such that over the 


Iipper part of the grate there is on ly quite a short arch, the 


oe ly purpose ot wiiel Is lo protect the header and the pipe 


neclionus against the action of the hot On the 


hand, there is a lone 


are} over the entire lower part 
of the vrate, fairly close to the grate. The flames, there- 
ore, go not as in other systems of firing from the front 


backwards, but from the back torward, and a large amount 


of radiation is obtained, directed towards those parts of 
thy iel which have just reached the grate. so that the fuel 
has ah opportunity to reach the temperature otf ignition 
in the early zones of the stoker. With the gradual travel 
ever its path of combustion, the fuel has plenty of time 


fullv to burn out. 

The main data of the tests are given in Table 6, which 
siiows that with this svstem of firing comparatively great etfi- 
cleney ts obtained with cinders as fuel, the steam output 1s 
comparatively ligh and would probably be still higher if the 
had 


onuated desien, 


anti- 
The evaporation with respect to the tuel 


tests not been made with a boiler of somewhat 


used is fairly cood, The eontents ot carbon dioxide were 


as high as 9 per cent, which shows that quite a favorable 
excess of air had been secured. The flue gas temperature 
was comparatively ligh, which depended probably on the 
the the this 


could be considerably reduced by a better design. The slags 


construction of trom 


boiler, and loss souree 
and the ashes were weil burned out and contained only 
traces of combustible material. The amount of ashes taken 
out by the fue was insignifieant and contained little com- 
bustible material. 

The author gives a cost caleulation for three eases, using 
German cost data, and shows thereby that the use of loco- 
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motive cinders on a modified Pluto stoker gives a consid- 


erable economy over a chain grate on which are burved 
locomotive cinders together with ordinary coal. 
EvaroraTiON Tests or L. Weiss AND THE Law oF 


EVAPORATION FOR STATIONARY BOILERS 
econ 


leessel, O. Kochy. 


(Verdampfungs- 


cersuche¢ Weiss und das \Verdampfungsyesetz fiir 


Zeitsch rift des \Vereines 
vol. 57, no. 52, p. 2070, December 27, 


pp., d figs. etA). 


ortlests 
deutscher Ingenieure, 


i915. The tests deseribed were made 


with the boilers shown in Fig. 16, made possible by the faet 
that each of the boilers was divided into two parts with 
independent water feeds. The heating surfaces of the 
boilers were as follows: 

Qm Sq. Ft 
Fire wer drum bottom 29.59 320.49 
Upper 1 water tubes 132.36 1424.70 
Upper drum 16 04 172.65 
Lower drum shell 22.61 243.35 
Superheater 5000 538.19 
Grate area 39. 60 


and 8. 
On the basis of these tests, and the author’s previous in- 


The results of tests are given in Tables 7 


+ 


Fic. 15 Furnace or tHe Mopiviep PLuro Stroker Type ror Burnina Loco- 


MOTIVE Box Cinvers 


vestigation on The Law of Evaporation and The Law of 
Heat Transmission in Locomotive Boilers (Zeitschrift des 
beremes deutscher Ingenieure, 1912, p. 520), the author 
established an equation which, in general terms, he expresses 


as follows: 


H, 


where J/, is a section of the heating surface of a boiler, 


in square meters, measured from the grate up to a certain 


point » on that surface; R is the grate area in qm, 4, is 


the amount of steam generated per square meter of H, per 


hour, in kilograms, while a and b are constants. These 


constants can be determined in the following manner: from 

Table 7 the evaporation per hour from the two lower drums 
17080 + 18970 

with their shells was = 3280 ke., and from 


11 
; 7480 + 8700 
the two upper drums and their shells: ee 


= 1470 kg., and from all four together: 4750 kg. With a 


REVIEW 


105 106 
= 105.5 deg. cent., specific heat of 


superheat 


superheated steam 0.552. and heat of evaporation \ = 662 
2] O41, the output of the superhater, in wet 

4750 0.552 105.5 

641 

brings the total output ol the two boilers 

Further let H, 2 > 

the two lower drums H. the heating surface from the grate 

to the e that the 


insofar as if participates in the transmission of heat, is 


steam 


units, per hour, is 130 ke., which 


up to 5180 kg. 
29.59 = 59.2 qm., the heating surface of 
latter, 


end of the superheater, assum 


PTABLE 6 TEST OF FIRING LOCOMOTIVE SMOKE BOX CINDERS 

Date of test June 20, 1913 

Type of Boiler Water tube 

Heating surface 125 qr 1345 sq. ft 

Firing system Pluto stoker, 5.91 93.60 sq. ft.) 
grate area 

Length of test 3 hours 

Fue. 


Kind and siz Unsecreened locomotive cinders, up to 
(0.015 in.) grain 
7309 B.t.u. per Ib 
3718 Ib 
1236 Ib.) 
19 Ib. per sq. ft. 


0.4 mm 
1061 WE 
1600 kg 
562 kg. 

95 kg 


per hour) 


Heating value 
Consumption: total 
per hour 
per hour per qm. grate area grate area 
FEEDWATER 


Total evaporation 6330 kg. (13926 Ib.) 
Evaporation per hour per 1 qm. heat- 
16.8 kg 3.45 Ib. 


surface per hour 


ing surface per sq. ft. heating 
Evaporation per hour per 1 qm. heat- 


ing surface in terms of steam at 100 


deg. cent 212 deg. fahr.) and 
water at O deg. cent. (32 deg 
fahr.).. 17.7 kg. (3.64 Ib. per sq. ft. heating 
surface per hour 
Temperature of feedwater 412 deg. cent. (107.6 deg. fahr 
STEAM 
Pressure, gage. 10 2 atmospheres 
Temperature 275 deg. cent 27 deg. fahr 
Total heat TIS WE (1292.4 B.t.u 
Heat produced in the boiler 676 WE (216.8 Buta 
Five Gases 
Temperature at the boiler end 310 deg. cent 0 deg. fahr 
CO» content at the boiler end 9 per cent 
CO content O per cent 
Ob content 9 5 per cent 
Pressure in the hollow grate elements. 12 mim. (0.5 in water 
Temperature of the air 20 deg. cent. (68 deg. far.) 
Heat Batance 


Useful output of boiler and super- 


heater. . 2500 WE 4662 B.t.u 63.9 per cent 
Losses in the flue gas (free heat . 829 WE 1492 B.t.u. —20.4 per cent 
Losses through radiation, incomplete 
combustion, ete. . 642 WE 1155.6 B.t.u. -16.1 per cent 
WE 73090 B.tvu 100 per cent 


replaced by an ideal wet steam heating surface. The exact 

value of H, is therefore as yet unknown. 

AH, = H,+2% 132.36 = H,4 
to the end of the nest of boiler tubes. 

HW, = H, + 265 + 2(16.04 + 22.61) = H, + 342 qm., the 
total heating area of boilers, including the shells. 
The values of these heating surfaces, with the values of the 
respective evaporations are tabulated in Table 9. The 
values of evaporation for //, to H, are somewhat inexact 
because they include the evaporation due to the shells. 
which properly belongs only to H,, but the amount of 

evaporation from this source is quite insignifieant. 


265 qm., the heating surface up 
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For a first approximate calculation of the constants a 
and b the heating surface of the superheater is neglected, 
and //, made equal to H, = 59.2; hence H, = 59.2 + 342 = 
401.2 qm., and from this it follows that the 
oration per square meter is for 


average eVap- 


TABLE 7 L. WEISS TESTS OF EVAPORATION IN A SCHWOERER 
BOILER 
Boiler No. 2019 2920 
Steam temperature, deg. cent.-fahr... 288 | 550.4 289 552.2 
Superheat, deg. cent.-fahr.. 105 106 190.8 
Temperature of feedwater, deg. cent.-fahr. 21.2 70 2 21.3 70.4 
Coal consumption, kg.-lb. S001 6602 3350 7370 
Evaporation in lower drum, kg.-lb 170S0 | 37576 IS970 41734 
Evaporation in upper drum, kg.-lb. 7480 16456 S700 19140 
Heating value. of coal, WE-B.t.u 742s 13370 74258 13370 
CO: content in flue gases, per cent i2 12 12 12 
rABLE 8 AVERAGE TEMPERATURE OF FLUE GASES 


Meascurep at Points InpIcaTEeD IN Fig. 16) 


Deg. Cent. Deg. Fahr. 


At exit from fire tube 872 1601 6 
At entrance to upper drum 720 1328 0 
At exit from upper drum 342 O47 6 
Flue gases at damper 243 1609 4 
Average gas temperature, superheater 470 STS 0 
rABLE 9 PARTIAL HEATING SURFACES OF THE BOILER UNDER 
rest, AND THEIR RESPECTIVE EVAPORATIONS 
Heating S ‘ Evaporation in kg. per hour, 6,1 
Hy in qr 
if I 
Hs; 3280 +430 710 
H He 25 ipproximately same as 
Heels +430 +1470 180 
rABLE 10 HEAT TRANSMISSION 
Corrected 
7 ¢ Tn -t Error 
H, Deg De r.’ -t ( T 
Ke Cent Cent Deg. Deg. Deg. ? l r, PerCent 
Cent, Cent. Cent 
Hy 55.4 872 6so 124 S47 0.03 
H: 46.7 720 537 11.5 73s 555 —() 023 23 
He | 14.9% 342 159 10.7 361 178 —0 053 5 3 
He | 12.3 245 60 49 331 147 
*Caleulated value of 60. 
3280 
H, % = 59.9 55.4 ke 
and for 
5180 
12.95 kg. 
401.2 


from which the following equations may be derived for the 
determination of a and b (with R = 2 * 3.68 = 7.36 qm): 


59.2 401.2 
55.44 b+ =a, and 12.95] } =a, 
7.06 7.36 


hence b = 6.15, and a = 788, and the equation expressing 
the law of evaporation may be expressed, in its first ap- 
proximation, as follows: 
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R 
Now, sinee 
788H 
aH, = — 3710 ke. 
615+ 
i.00 


it follows that H, 


sible to calculate a, ) and #8, in the second approximation, 


80 qm. Knowing H, it would be pos- 


but this does not 
the 


appear necessary because, as the author 


shows, first approximation gives sufficiently correct 


results. 


In his investigation of evaporation processes in locomo- 


i 
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tive boilers the author proved that the transference of heat 
Is proportional to the square of A — t, difference between 
the temperatures of the heating gases and the boiler water, 
which leads to the following equation : 


r 
(7, —t)e,(1+L)8 = = O br, 
OTR 


where 7, is the temperature of the furnace gases at n, t the 
temperature of the boiler water (183 deg. cent. = 361.4 
the weight, in kg., of coal burned per hour 
per 1 qm. of the grate area; L the weight of the air required 
for burning | kg. of coal, and c, = 0.25, specifie heat of the 
heating gases. From this equation it follows that 

T,—t br 

~ © 
and that C is constant, since all the members of the right 
side of the equation are constants. 


deg. tahr.); & 


Therefore, if it could 
be proved that in stationary boilers the preceding equation 
holds good, that would also show that the above enunciated 
law as to the magnitude of transference of heat applies to 
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Table 10 shows 
The deviations of the first three values 
of C trom a fixed average the author ascribes to unavoidable 
influences. In third 
and tourth line the rapidly growing discrepancies are prob- 
ably due to heat given up to the brickwork. 


stationary as well as to locomotive boilers. 
the values obtained. 


errors of observation and accidental 


By assum- 


ing tor C the average value trom the first two lines, 
124+11.5 
C= = = 11.95, the author obtains a basis for the 


calculation of the last three columns of his table. 
The last two equations may be used for various calcula- 


tions, e.g., for determining the weight of flue gases. Since 
T,'—t br 
= = 11.95 
Cp) ] L)s 


and the weight of coal burned per square meter of grate 
area per hour is 78.3 kg., it follows that 

6.15 x 641 
~ 11.95 0.25 
The author shows also how the efficiency of the boiler and 
coeflicient of heat transmission may be determined. 


1+L “he 16.9 kg. 
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Fic. 17 Mussonc Sincite Cyitinper Compounp ENGINe with RECEIVER 


Steam AVAILABLE FOR HEATING PURPOSES 
rampfentnahme, C. Pileiderer. Zeitschrift des Vereines 
deutscher Inaenieure, vol. 57, no. 51, p. 2030, December 20, 
1913. The steam engine is better able 
to compete with other prime movers when the heat in the 
steam, after it has done its work in the cylinder, is further 
utilized for heating or cooking purposes. When for the 
latter purpose hot steam is required, it is taken from the 
receiver between the high and low-pressure cylinders, and 
it has been found that when a very large proportion of the 
total steam generated is taken for outside purposes in this 
way, the low-pressure part, with its consumption of space, 
interest and depreciation charges, lubrication, ete., ceases 
to pay for itself. In fact it may be said that when one-half 
of the exhaust steam is let out into the atmosphere with 
a pressure above one atmosphere, while the other half is 
used for heating purposes, the results are more satisfactory 
economically than when the low-pressure cylinder with its 
condensing plant are used. In small plants, of course, the 
single-cylinder engine is the naturally used type, while, with 
high superheat and elimination of all unnecessary clear- 


6 pp., 26 figs. de). 
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inces, it is as economical in its steam consumption as a 
multievlinder engine, so that often it is only the demand for 
steam tor heating purposes that prompts the adoption of 
compounding. To obviate this, Thyssen & Company, of 
Miihlheim-Ruhr, Germany, have evolved the Missong engine, 
a single-eylinder engine with a provision for obtaining re- 
ceiver steam for heating and other purposes. 

As shown in Fig. 17, the high and low-pressure cylinders 
are really combined in one, and le on the two sides of a 
When the 
steam spaces on both sides are fully utilized, this arrange- 


simple piston moving in a smooth eylinder. 


ment corresponds to a compound engine with a ratio of 
eylinders as 1:1. With this ratio a large amount of receiver 
steam is available, while the engine has such a small low- 
pressure evlinder that the latter can 
with 


work economically 
the oil is 
supplied to the low-pressure end of the cylinder, not only 


what steam it gets. Turther, as most of 
the lubrication can easily be maintained in perfect order 
even with large amounts of steam drawn off, but the steam 
used tor outside purposes is comparatively free from oil, 
used direct, without 
The diflieulty of 
fact that 


small, the small size ot 


and may therefore be previous oil 


separation. the proposed arrangement 


hes of course in the when the demand for re- 


ceiver steam is the low-pressure 
cylinder will intertere with the proper working of the en- 
gine, but the inventor obviated this by making the effective 
volume of the high-pressure cylinder variable in accordance 
with the demand for receiver steam. 

The obvious way to do it was by varying the exhaust lead 
hand in hand with the admission. Tig. 18A gives an indi- 

Point. | shows the ex- 
The etfective stroke 
in the high-pressure «yvlinder is here s,, the effective volume 
the stroke s’ the 
piston sucks only steam from the receiver, to throw it out 
With 


increasing admission in the high-pressure cylinder, which 


cator diagram showing this system. 
haust lead when no steam is drawn off. 


ratio is s,:s,. During the remainder ot 


again on the return stroke, which is uneconomical. 


may be produced by an inerease in the drawing off of re- 
ceiver steam, the exhaust lead must decrease, and point II 
shows its limit tor a drawing off of 56 per cent, with a 32 
When the 


governor acts at the same time on the admission and ex- 


per cent admission in the low-pressure cylinder. 


haust lead, all the processes of compounding will be repro- 
duced in a single-cylinder engine, though with some losses, 
owing to the tact that part of the stroke is “dead.” An- 
other system was therefore adopted, with the variation in 
the high-pressure eylinder volume being effected through an 
alteration in the degree of compression (ep. F.g. 18B). 
When less steam is taken from the receiver, some of the 
steam let into the high-pressure cylinder is forced back into 
the live steam piping, 1e., the compression is increased, 
which is equivalent to a reduction of the high-pressure vol- 
ume; the contrary expedient is adopted when the drawing 
off of steam is inereased. In order to avoid formation of 
loops in the diagram, the admission lead is also placed some- 
what in advance, so that the loop formation is reduced to the 
amount corresponding to the flow resistance in the valve 
gear. As shown in Fig. 18B, with no drawing off of steam 
the admission lead begins at I, the effective high-pressure 
volume is equal to 8, the passive to s’. With increasing 
drawing off of steam. i.e., increasing admission, s, increases 
and s’ decreases, just as in the preceding case, which indi- 
cates that both systems of governing are in full accord with 
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one another. The Missong engine is therefore a single- 
cylinder compound engine, with possibility of using re- 
ceiver steam, and the ratio between the high and low-pres- 
sure volumes varying in accordance with the consumption of 
receiver steam. Although the volume ratio of 1:1 is fully 
unsuitable for an ordinary compound steam engine, even 
when no receiver steam is drawn off, the characteristic of 
compounding is fully maintained, the work of the steam 
being divided between the high and low-pressure cylinders 
in a manner such that the drop in temperature in both of 
them is equal. Of course the back pressure due to the flow 
of steam back into the live steam piping represents a cer- 
tain loss of energy, but that may well be overlooked since 
the engine is destined to work normally with the drawing 
off of receiver steam, and the ratio of cylinders convenient 
for this purpose does not permit of making the low-pressure 
eylinder work with the usual small admissions. 

The problem of the valve gear (Fig. 19) in the Missong 
engine Is somewhat complicated by the tact that not only 
the admission, but also the compression and admission lead 
in the high-pressure cylinder, are variable. 
for tly 


The governor 
receiver pressure also takes care of the regulation 
of compression and admission lead as well as the admission 
on the high pressure side, the latter decreasing as the com- 
pression increases. The regulation is accelerated through the 
the facet that it 
ceives less steam when it wants less; losses of power through 


Variation in admission owing to thus re- 


back pressure in the live steam piping are reduced, and ex- 
haust lead of the high-pressure eylinder increased. 
fluence of tl 


high-pre Ssure side 


The in- 


pressure 


regulator is, however. limited to the 


only. The velocity regulator adjusts the 
power output to the demand by varying the admission on 
the low-pressure side. This system of governing is claimed 
Thus, with a decrease 
olf the the 
pressure regulator sets in on the high-pressure side higher 


to give satistactory results. when. 


in the amount of steam drawn from receiver 
compression and smaller admission, the falling off in output 
is compensated tor by the velocity regulator increasing the 
admission on the low-pressure side; more steam is taken 
from the receiver, the pressure in it falls, and the pressure 
governor begins to act in the same way as the velocity gov 
ernor. <A the 


governors. If the load decreases, the velocity governor re- 


variation in load is also taken care of by 


duces the admission to the low-pressure cylinder; less steam 
is taken from the receiver, and the pressure in it rises; this 
causes an inerease of compression and decrease of admission 
on the high-pressure side, with a reduction in the amount 
of steam entering into the engine. 

The original article gives data of tests of the Missong 
engine with numerous indicator diagrams. 


THe ANNUAL MEETING OF THE SocIETY OF 
ConstrucTORS (Die l'-Hauptversammlung 
bautechnischen Gesellschaft, O. Flamm. Schiffbau, vol. 15. 
no. 5. Article not finished). The article contains full data 
of the paper read at the German Society of Naval Con- 
structors by one of the directors of the Hamburg works of 
the Vulkan Company, Dr. Bauer, and the diseussion which 
followed it. The main subject diseussed in the paper is 
that of turbine blade ruptures. These ruptures, according 
to Dr. Bauer, are due, first to unsatisfactory material, and 
second to poor design and operation of the apparatus. As 


to the design, strict attention must be paid to proper dimen- 


NAVAL 
der Sch iff- 
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sions of the blades, and to the provision of sufficient axial 
and radial clearances, especially when superheated steam is 
used. The blades should be interconnected by wire or ban- 
dages, and thus made to support one another. The reversing 
turbine is always a source of danger as tar as the safety of 
the blades is concerned. As to the immediate cause of rup- 
tures of blades, the author did not put much weight in the 
possibility of foreign bodies getting in among the blades 


and thus producing breakages; in most eases where such 


a reason was cited. the accident was probably due to some 
other cause. A steam screen in front of the admission port 
would in any case keep all foreign matter out. If such a 


ioreign body did happen to get in, far less damage would 


Fig. 19 VALVE GEAR OF THE 


Missone Crtinper Compounp ENGINE 


be done if the blades were running in one direction only 
than if a back turbine were also being used. Improper 
operation was more oiten the real cause of aceidents; under 
this head may be mentioned the action of water hammer, 
whieh is particularly likely to oceur in plants having revers- 
ing turbines. As the manoeuvring apparatus has to be used 
particularly im harbors, accidents trom water hammer are 
especially apt to occur there. If a large amount of water 
is thrown into the turbine from the boiler, owing to exces- 
sive boiling, no harm will be done as long as the turbine 
runs always in one direction; the critical situation arises 
only when large masses of water are thrown suddenly 
against the blading by the steam, as may happen at starting 
or reversing. the turbine to the 
propeller the author recommended the Foettinger trans- 


former in preference to gear transmission. 


For transmission from 


These views called forth considerable opposition. Mr. 
Roth, engineer at the Schichau works, did not share the 
speaker’s view as to the dangers from the presence of a 
reversing turbine, and said that effective and convenient re- 
versing turbines for reversing may now be built. The disad- 
vantage of the transformer lies in its low efficiency, some 6 per 
cent below that of chain drive. Mr. Eggers, director of the 
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Schmidt Superheater Company, spoke brietly of his tests 
of a 10,000-h.p. Foettinger transformer; after a 14 days’ 
uninterrupted run the tests were arranged so as to either 
break the transformer down, or show that it cannot be broken 
down; the apparatus stood the severe conditions of the test, 
and thus proved its reliability. All the speakers emphasized 
the fact that indirect drive was what was to be expected to 
be universally adopted in the future. 


ALSACIAN ASSOCIATION OF STEAM MACHINERY OWNERS, 
Report Or THE WORK DONE IN 1912 (Association alsacienne 
des propriftaires @Mappareils vapeur, Rapport sur les 
travaux exvécutés en 1912, Bulletin de la Société Industrielle 
de Mulhouse, vol. 83, no. 9, p. 697, November 1913. 
gs). 
inspection of steam apparatus, either in the regular course 
of business, or by invitation of the owners, or finally on ae- 
count of some accident which happened in a plant on the 
lists of the association. 

In this full data of with their 
causes, are given, as well as general remarks on steam plant 


82 pp. 
The main work done by the association consists in the 


report such accidents, 
conditions in the district, and some data of tests carried out 
by the officers of the association. The following remarks 
are of general interest: 

Steam piping is not covered by precise legislation, and 
is not therefore under the special control of the association 
or any other organization. Nevertheless there are just as 
many accidents due to steam piping as to steam apparatus 
proper. As the pressure and temperatures of steam tend to 
go up, high pressure piping becomes subject to considerable 
stresses due to internal pressure or expansion, and_ this 
makes it absolutely necessary, in order to avoid accidents, 
to use first-class metal and careful and sensible work in 
the installation of the piping. As a matter of fact, 
ever, the piping is often very much neglected, and while in 
new installations all 


how- 
sorts of precautions are taken with 
the boilers and engines, very little interest is often shown 
as regards the safety of the piping. 

It is in the manufacture of steam piping especially that 
Pieces difficult to manufacture 
by forging or ordinary welding can be made by this process, 
and when used with discernment and sufficient care it is a 
great help in the installation of piping systems. But accord- 
ing to the council of the association this process is unsuited 


autogenous welding is used. 


for use in systems carrying considerable pressures, pipes in 
which the longitudinal seam has been joined by autogenous 
welding. During the vear to which this report refers, the 
association had a striking example of this fact in a case 
where the piping designed to carry exhaust steam at 4 kg. 
per sq. em. (56.8 Ib. per sq. in.) had to be replaced by 
weldless piping. Some of the pipes made by autogenous 
welding broke when the joints were put on. Another pipe 
opened during the operation along the weld a distance of 
60 em. (15 in.). 
tion to defective welding, the pipes in this case were not 
strictly evlindrieal. 


It must be stated, however, that in addi- 


The association has been instructed by the International 
Union of Boiler Inspection Associations to study the in- 
fluence of the circulation of water on the transmission of 
heat in economizers and has performed during the year 
1912 a series of experiments, which, together with the ex- 
periments on economizers during preceding years, has given 
a considerable amount of material bearing on this subject. 
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The 


ascension of 


system ot water circulation, Le. the simultaneous 


water in the tubes and the horizontal flow of 
gases around these tubes, which has always been applied 
by Greene & Son, inventors ef the economizers, has seemed 
unreasonable to certain designers. These have insisted on the 
necessity of a more systematic circulation and have either 
divided the teed heater into several sections, or have car 
ried to the extreme the principle of the countercurrent eir- 
culation, in foreing the water to cireulate alternately from 
bottom to top, and trom top to bottom in a series of sue- 
cessive tubes. This question has caused an animated dis- 
cussion Which has been rather strengthened than appeased 
by the comparative tests which made five 


were some 


or SIX vears ago at the mechanical laboratories of the 


Bavarian Association. The present tests have shown that, 
(a) the increase of the speed of water in the feed heaters 
increases to a small extent the coeflicient of transmission o! 
heat; and with 


(4) all changes in the cireulation of water 


respect to the gases which approach the real counter 
current cireulation, all other conditions being equal, increase 
the total quantity ot heat transmitted and the efficiency of 
the teed heater; but this inerease depends to a large extent 
relative dimensions of 


on the the feed heater with respect 


to the quantity of water and hot gases, in the sense that 
the larger the feed heater, the more reason there is tor 
using methodically installed countereurrent cireulation. 
The report also contains material on steam turbine tests 
as well as tuel tests of various types of machines, and tests 


of Diesel engines. 
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Air-Seasoning of Timber, 
stracted 
Rolling Loads on Bridges, J. E. Greiner 


Discussion on Rolling Loads on Bridges ( Various 


(Ab 


Kempter 


Authors ) 
THe AtrR-SEASONING OF 
pp. 68 pp.. bibliography. 


Timrer, Wm. H. Kempfer (67 
gp). The article is composed 
United States 


and is very interesting as a clear presentation of all the 


trom data obtained by the Forest Service 


material collected. 

As regards southwestern woods, ties eut in Janaary and 
February require trom tour to five months to reach a con- 
stant As the season advances, the 


moisture content. rate 


of evaporation is very much inereased. Ties cut in May 
and Jane required a much shorter time to reach constant 
weight—from two to one month. Not much change oceurs 
in this weight until November, while the November and De- 
cember ties reach a constant weight in about six months. 
Very little difference was found in the rate of seasoning of 
black and of red pine, but the total loss of weight was 
usually greater for the black pines. This would be ex- 
pected because rapidly growing trees generally contain more 
sapwood and hence more moisture than the slower growing 
trees of the same species. This applies, however, only to 
most coniferous woods, but not necessarily to the broad 
leafed trees or hardwoods. 

Although climatie conditions of the northwest are differ- 
ent from those in the southwest and vary also throughout 


the region, the same grouping of the ties can be employed 
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in all places and the effect of the time of year when the 
tests are started is very evident. 

Lodzepole pine in Montana eut in May, June or July 
Was practically air dry in three months, and even if started 
nm September became fairly well seasoned before winter: 
but if started in winter it did not become dry until July 
of the following summer. The rainy season may also atfect 
the rate of drying. 

In the case of southern pines, the influence of variations 
is also 


in meteorological conditions with the time of vear 


quite marked, although conditions seem favorable to a 
rapid drving throughout a large portion of the vear. 
The rates of seasoning for loblolly and short leafed pines 
at Silsbee, Texas, for example, resemble each other very 
closely, but the long-leated pine dries a little more 4 uckly. 
However, the total weight loss is much less. The southern 
differ 


slower rate at which they lose moisture and the longer time 


hardwoods in general from the coniferous the 


the require to become air dry. Ties ent in the spring and 


early summer in Arkansas were far from dry when they 


ceased to lose weight at the approach of summer, and dur- 
ing the ftellowing summer they lost nearly two thirds as 
first 


hardwood ties in the 


much momture as during the summer. Data on the 


rate of seasoning 


north are very 


meager. The author gives also data on seasoning poles and 


eross-arms wlich do not maternally differ trom the season 


Ing oof tes, 


As regards the factors which iilluence the rate of 


ne. thie Luther reters to climatic and meteorological Cort 


ditions, species, and form of timber, manner of exposure 


and soaking. Variations in the rate of seasoning among 


species may be due to differences either in moisture cou 


tent or the permeability ot the wood, As to possible de 


terioration of the wood while seasoning, the author points 


out that ties or other timbers sometimes decay before the 
that 


rapidly. The 


end of seasoning, but it is believed this can be pre- 


vented by piling timbers so as to dry tree 


should be barked as soon as felled and the timbers piled 
openly. On the other hand. however, quick seasoning is not 
alwavs desirable, because timber cut and set drving in hot 


hardened” and very resistant to 


weather checks more seriously than in weather and 


sometimes becomes “ case 


preservative treatments. Information is alse collected on 


the devres 


the wood dune to drving, specilie gravity 


of dryness obtainable, shrinkage of volume o 


and weight of 
wood, The article is accompanied by numerous tables and 


diagrams. 
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Journal, vol. now 1, October and November 1913 


( adda 
Deep Well Compressed 
( Abstracted ) 
Use of Superheated Steam for Boiling Beer Wort. and 
Detrimental Effect on Copper 
Deer 
(15 pp. 
air pumping on the air lift system. 


Air Pumping. James P. Gillies 


Compressep Air Pumping, James P. Gillies 


figs. edp). The paper deseribes compressed 
This method of pump- 
ing has been long considered to be very reliable and capable 
well 


of obtaining the greatest quantity of water from a 


of a given size. Usually, however, the air lift was installed 
only as a last resort under conditions that seriously handi- 
eapped it. It is only very lately that air lifts have begun 


to be installed in a proper manner and the high efficiencies 
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now obtainable are due to the 


ligh stute ol periection ol 
the air compressors, better method of introdueing the air 
into the pipe, 


themselves, 


eduction or and to the 


The 


stream ol 


water proper pro 


portioning of the pipes modern air lift 


is so arranged that a constant air and water ts 


mingled, the air being broken up into small particles and 
This is ftoreed through 


an emulsion formed, 


ventura to 
sive the jet effect and each separate minute air bubble by 
Its eXpansion carries its quota of water, resulting in a con- 
The 
eduction pipe must be filled with air and water, and if it is 


stant discharge with the minimum amount ot slippage. 


too large tor the amount of water, then a larger amount of 
air must be used to keep up the velocity. 
Another that attention is the en- 


larging of the eduction pipe towards the surface to allow 


thing should receive 
tor the expansion of the air upon its way to the surface. 
The be abrupt and should 
not be carried to the extent that the air will be allowed to 
pass the water. 


changes, however, should not 
The eduction pipe should be smooth. If 
the ends do not butt in the coupling but a short space is left 
between the pipe ends, swirls are produced and the air ob- 
tains an opportunity to slide past the water, which it has 
always a tendeney to do. 

The air litt system when properly installed may be 
efficient Thus the 
quotes a case of several plants in Chicago where in each 
litted 200 ft. at a that 
equals the best practice by any other means and in quan- 


very 


even for deep well pumping. author 


case the water is more than cost 


tities unobtainable under the conditions in any other way. 


As regards the cost ot installation of the air lift, in small 
units, say under 300 gal. per min., it is slightly in excess 


ot other competent methods, rom S00 to S00 ral. per 


thin. the fost 1s about equal, and above this limit the air 


itt has a decided advantage from the point of view of cost 


of installation. This is of eourse considering the total cost 


of plant, including the wells, the difference in favor of the 
wr litt being due to the fact that fewer wells are required 
for an equal amount of water. 


As regards maintenance of cost. the air lift once 


installed 


Nothing comes into contact 


remains put indefinitely. with 


the water except air and pipe. The only machinery used 


is located where most suitable, under the eye of the operat- 


ing engineer, and any number ot wells may be operated 


through the same compressor, provided its capacity is 


great enough, without regard to the location of the wells 


themselves. In addition to that, as far as the air lift is 
concerned, sand and solids in the water are not detrimental 
and do not have to be sereened off. The air litt draws out 
the sand and sludge, enlarges the water bearing cavities 
and so increases the flow. 

In the discussion which followed, G. J. Patitz pointed 
out that the air lift requires also a certain amount of at- 
tention, and it is necessary in most places to pull it out 
every two years or so, and often renew some sections of 
the piping used in connection with the air lift as they are 
usually subject to corrosion. 

Mr. Christmann described some tests whieh he made at 
the plant of the Gottfried Brewing Company, with the deep 
well center pump and air pumping, of which the air pump- 
ing was very successful. The well, which is 12 in. reduced 
to 8 in. bore, 1658 ft. deep, was first fitted up with a 
After tests for 


motor-driven deep well center pump. sev- 


eral months, it was found that it could not give the amount 
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ot water required. The proper sized air compressor was 
then installed and since then the system was running very 
satisfactorily, working 24 hours every day. 


AMERICAN SOCIETY OF NAVAL ENGINEERS 
Journal, vol. 25, no. 4, November 1913, Washington 


Description of the U. 8. Fleet Collier “ Jupiter,” Lieut. 
S. M. Robinson, U.S.N. 
Stresses in Marine Shatting, 

stracted ) 
Some Notes on Gyrosecopic Action, Wm. L. Catheart 
Development of the Modern Gas Engine, Commander J. E. 
Palmer, U.S.N. 

STRESSES #N MARINE SHAFTING, 
fee. 2). 
may be classified as, (a) known stresses, which are deter- 
minable by the ordinary laws of physics, and therefore 
may be allowed for; and (b) unknown stresses, which are 
not determinable trom the ordinary engine forces, but may 


Ernest N. Janson (Ab- 


Ernest N. Janson 


Stresses in shatting ol 


(30 
marine engines 


be established by directly measuring the torque by special 
torsion meters, such as would indicate the fiber displace- 
ment of the shatt continuously tor one or more revolutions. 

The known 
(a) Stresses due to forces exerted by the pressure of the 


stresses may be enumerated as _ tollows: 
steam in the various engine cylinders; (b) stresses due to 
stresses due to 
the bending infiuence in the crankshaft by direct action of 
steam forces and in the propeller shatt by the weight of 
propellers and pitching ot 


inertia of moving parts of machinery; (c) 


the ship. These stresses are 
fully discussed in the article and various test data given. 

Among the “ unknown” stresses are to be found the fol- 
lowing: (a) torsional vibration stresses; (b) stresses brought 
on by distortion in alignment of bearings either as a result of 
wear in the bearings or weakness of hull, and in founda- 
tions; (c) stresses resulting trom defects in the material, 
or running afoul, or reactions of propeller due to pitching. 
The last two types of stresses are allowed for by employing 
“safe” stresses per square inch of section in the calcula- 
tions used to determine dimensions. 

Torsional vibrational stresses are not commonly allowed 
for either as an additional stress or by a reduction in the 
strain permissible per square inch of material. Regarding 
the additional stress brought on shafting by want of align- 
ment, John H. MacAlpin in his paper on Crank Shafts’ 
shows that when the bearing immediately forward of the after 
crank is only 0.001 in. out of alignment, there is an increase 
of 0.3 of 1 per cent in the strain beyond what is due to or- 
dinary forces. 

The subject of torsional vibrations is discussed on the 
basis of the paper of Herrman Frahm,’ as well as the 
papers of G. Bauer and L. Giimbel, the author applying 
the formulae there obtained to the case of U.S.Ss. Con- 
necticut, Delaware, and Pennsylvania. He points out that 
the critical number of revolutions of the fourth order of 
many engines of naval vessels often constitute also the 
cruising speed of the ship; and although the power at this 
speed is greatly reduced, the stress of the shafting due to 
the equivalent combined twisting moment becomes approxi- 
mately equal to shafting stresses as large as when the en- 
gine is developing the full power. These stresses fluctuate 


1 Journal of the American Society of Naval Engineers, November, 
96. 


2 Reprinted, vol. 14, Journal of the American Society of Naval En- 
gineers. 
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between zero and the maximum value in one direction, and 
zero and a maximum value in the opposite direction, the 
twisting action of the shaft thus being reversed several 
times during each stroke, the number depending upon the 
type ol engine. 


The first aeeident to one of the erankshatts of the U.S.S. 
Connecticut after having made approximately 
34,150,000 revolutions with an average stress of about 


14,000 ib. per sq. in. 


crease of stress in shaiting of reciprocating engine shafts 


The existence of a considerable in- 


due to synchronous torsional vibration at normal, or cruis- 
ing speed of naval vessels, and to overloading or other con- 
ditions such as sudden reversal, striking of floating bodies, 
ete., renders it reasonable to assume that shafting with a 
design shear stress of 10,000 lb. per sq. in. of section be- 
comes severely overstrained; this design stress may be low- 
ered in the interest of greater safety even at a sacrifice of 
greater weight or cost of increased dimensions. 

It is interesting to note that the designed shear stress 
in line and propeller shafting for marine steam turbine 
installations seldom exeeeds 6500 Ib. per sq. in. of section 
oft steel of 80,000 Ib. tensile strength when working merely 
at a uniform torque. This shafting, therefore, in compari- 
son with reciprocating engines, is working under far more 
that accidents in the 
form of breakage are of rather rare occurrence. 

The problem of 


favorable conditions with the result 


making a meter for indicating tor- 
sion in the ease of reciprocating engines is made somewhat 
complicated by the fact that the forces acting in this ease 
create a continuous to and fro motion, and what 


termed “twisting and untwisting” 


may be 
of the shaft, the mag- 
nitude of which varies continuously during every revolution 
and between them. Such meters have, however, been made 
ot a combined electromechanical type with some degree of 
success, but have not been extensively applied, owing to 
the necessity tor considerable skill on the part of operators, 
and errors in interpreting records. A purely mechanical 
torsion meter with direct shaft connections giving a con- 
tinuous record of torque for a number of revolutions would 
be of great value in obtaining reliable data in connection 
with the rather uncertain and difficult subject of caleulating 
the stresses in marine engine shafting. 


THE CONCRETE INSTITUTE 


Transactions and Notes, vol. 5, p. 1, October 1913, 
London 


The Settlement of Solids in Water and Its Bearing on 
Conerete Work, J. S. Owens 

Steel Frame Buildings in London, S. Bylander 

Economy in Reinforced Concrete Design, John A. Daven- 
port 

The Strength of Cement, H. C. Johnson (Abstracted) 

Reports of the Reinforced Conerete Standing Committee 
(Cracks in Conerete and The Surface Treatment of 
Concrete ) 


_ THe STRENGTH OF CeMeENT, H. C. Johnson (40 pp., 2 dia- 
grams, 2 figs. eA). The author made tests of 15 different 
brands of cement used in paste, mortar, and concrete, and 
gives full data of these tests indicating the various brands, 
mainly English, by numbers. Some general conclusions ar- 
rived at are here reported. 

Fineness, apparent density and specific gravity have been 
found to be closely related to one another. While the test 
for fineness is always valuable as a guide to a carefully pre- 
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pared and economical cement and is a constant quantity for 
a given cement, the apparent density and specific gravity 
vary with age. But when the approximate ages of cements 
sent for a comparative test are known, the three tests are 
all valuable: fineness, since it gives the percentage of bind- 
ie material in the whole; the apparent density, because it 
indicates the volume for a given expenditure; and specific 
gravity, beeause low ones indicate ill-preportioned binding 
material for mortars and coneretes, although they may be 
Satistactory lor paste. 


As regards cement mortar tests, the value of fine grind 
ing has been brought out as well as the superiority ot the 
mortar test over the paste test as a guide to the binding 
Vaine. Certain general points have also been brought out: 
A deerease in strength in tension at 90 days as compared 
with 28 days does not necesarily indicate a decrease in com- 
pression. At {) days the difference in strength between 
specimens with high and low percentages of water is very 
small, and in the case of the air-cured specimens it seems 


The 


higher percentages of water have a greater etiecet on the ter 


an advantage to lave a higher percentage of water. 


sile strength than on the compressive. But all cements do 


net give their greatest strength with the minimum amount 


While the low 
vive a lngher strength in the earlier ages, in the 


ol water it is possible to use. percentages 
ol water 
majority of cases there is very little falling off at 90 days 
due to the increase of 
that 


would eventually 


water. In taet, one might reasonably 


expect with a good cement the higher pereentages 


produce a stronger material. 

Concrete tests have given a strong argument against pu 
In the 
a light cement, a greater volume is received for a 


chasing cement by weight and using it by volume. 
case of 
given weight. It is then used by volume with the result 
that the job suffers and the contractor benefits, the reverse 
taking place 


a heavy cement is used. On the other 


hand, a heavy cement, if the specific gravity is high, is 
naturally coarser and then the job suffers as well as the 
contractor—the job, because the percentage of binding 
material is reduced, the coarse particles having practically 
no value, and the contractor, because he receives by volume 
a much sinaller quantity tor his ton. 

The author also found that good strength in paste was not 
The best 


for reintorced conerete or similar 


a proper indication of good strength in conerete. 


tests of a cement value 
work are mortar compression cured in water and mortar 
compression cured in air, any cement having a higher value 
in air than in water to be condemned. For a given ex- 
penditure on cement, a first-class material will allow a sav 
ing, since there will be less cement to pay carriage on, less 
cement to handle, and at least as strong a concrete. 

The selling cement in 
paper bags, as done in the United States, preferable to 
the use of 


author considers the system of 
vanvas bags, as is the custom in Great Britain. 
Complete data of the tests with diagrams are given in 
the original article. 
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Journal, vol. 12, no. 4, November 1913, Johannesburg 


Air Consumption and Maintenance Costs of Rock Drills, E. 
G. Izod and E. J. Laschinger (Abstractd) 

Are We Becoming Too Automatic? Roger Price 

Ventilation of Mines, W. Pile 


Arr CONSUMPTION AND MAINTENANCE Costs oF Rock 
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Dritis, E.G. Izod and R. J. Laschinger (13 pp., 4 figs. ps). 
Or all the means lor the transmission of power in general 
use for industrial purposes, compressed air is the most 
abused, or, one might perhaps better say, carelessly handled, 
and wasted. Since, at the present time, compressed air to a 
very large extent is directly purchased by many mines as 
power delivered at the shaft head at so much per unit, 
the subject of air consumption and economy in the use of 
air has again received further attention. As the air power 
used on the Rand is intended primarily for actuating rock 
drills, it is very important that the air consumption of these 
machines should be very thoroughly studied by engineers. 
Comparatively little is known about rock drills; if these ma- 
chines had received a fraction of the thought and attention 
bestowed upon machine tools in the fitters’, carpenters’ and 
boiler-makers’ shops, the history of the development of the 
rock drilling machine would have been a very different story 
and the machine itself would have attained a state of per- 


fection and economy unknown today. 


The mines under the control of the Central Mining and 
Investment Corporation, Limited, and the Rand Mines, Lim- 
ited, purchase nearly the whole of their air power from the 
Rand Mines Power Supply Company, Limited. Against this 
consumption of air power, there is to be set the work done. 
ach mine keeps a record of the “ machine shifts” worked 
underground by the rock drills of various makes and sizes 
and also a record of winches, pumps, ete., which are driven 
by compressed air. All machines are then 


these brought 


down to the standard rate of a 344-in. machine shift. This 
+!4-1n. machine shift standard represents the work that should 
normally be performed by a rock drill with a 314-in. cylinder 
With re- 
vard to the machine shifts actually worked in drilling rock, 
separate records are kept of 
shy 


working as usual during an 8-hour mining shift. 


stoping and development 
ifts on each mine showing the air consumption per in- 


dividual shift. 


It is well known that the amount of air consumed per 
development shift is greater than per stoping shift. By plot- 
ting the air consumption of each mine for each month per 
314-in. machine shift in a position which corresponds to the 
ratio of development shifts to total shifts, points are obtained 
which show a mean line of air consumption and which in- 
dicate whether at any particular mine more or less air is 
With re- 
gard to mines which take more air than the mean mimimum 


being consumed than the average to be expected. 


as shown on the diagram, one must not at once jump to the 
conclusion that air is being wasted. On mines with wide 
stopes where deep holes are drilled, more air is used per 
machine shift and yet with greater economy in so far as 
breaking ore is concerned; hardness of rock, width of stope, 
footage drilled and other factors enter into the problem. 
At the same time a high air consumption when shown on 
the comparative record should form the cause of a serious 
investigation. Also, since the miners do not usually take the 
trouble and extra care to save air, and to see that all joints 
are tight and hoses in good repair, there is need for constant 
care and supervision. The fact that large savings in the air 
power bill of the mines may be effected by paying attention 
to this matter of air consumption is given by the following 
Table 11, which shows a progressive diminution of the air 
power required on the mines of the Central Mining-Rand 
Mines group for 1912. 
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TABLE 11 TOTAL DRILL SHIFTS, TOTAL AIR UNITS AND UNITS 
PER DRILL SHIFT DURING PERIOD JANUARY TO DECEMBER, 


1912 
Equivalent 
344-in. Machine 
Drill Shifts in- 
cluding Pumps Total Air Units per 
and Winches Units Drill Shift 
Month 
January...... ; 73,926 12,018,587 163 
February ; 69,887 11,072,207 158 
March...... 78,887 12,555,015 
April... .. 75,980 11,272,770 l4s 
May 81,548 11,919,934 146 
June ; 73,839 11,287,577 153 
July... ‘ 82,252 11,561,971 141 
August S1,161 11,333,228 140 
September T5OSL 10,832,301 143 
October 80,510 11,339,470 141 
November .. 79,862 11,037,958 138 
December 7TS.545 10,813,549 138 


The improvement as between January and. December shows 
a saving of over one slulling per machine shift in the air 
power cost. 

The method ot assessing work done by the arbitrary stand- 
ard of the 3!4-in. machine shift is no doubt somewhat crude, 
but it was devised as a beginning for making comparisons to 
suit present conditions on the Rand. Separate air meters 
should be permanently installed on each working level of a 
mine and at each point where air is used for specifie services. 
This would enable the engineer to find out at once where air 
was being wasted or used in apparently excessive quantities. 
Strict investigation at particular points could then be ear- 
ried out and leakage or waste hunted down to its source. 
Certain expenses would be incurred. If, however, one re- 
flects on the elaborate organization dealing with the electric 
power on the mines it is certainly surprising that the air 
power is not attended to in the same way. 

Whatever the make or type of drill, there is one point 
which is common to all and which deserves the closest atten- 
tion of the mechanical engineer on the mine: that is the con- 
dition of the drill (mechanically considered) before it goes 
down into the mine, and the repairs and renewals which are 
made from time to time, especially in view of the facet that 
the rock drill has rough work to do, is roughly handled by 
persons who, in many eases, have no mechanical knowledge, 
and that it has to work under the severest conditions that 
test any machine and militate against economy over a pro- 
longed period. 

In this connection the author refers to the system of rock 
drill maintenance introduced some five or six years ago at the 
Village Main Reef Gold Mining Company, Limited. This 
svstem consists of bringing every drill regularly to the rock 
drill fitting shop, overhauling thoroughly in all its parts, and 
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particularly in finishing up the eylinders with reamers, and 
grinding down the pistons to an accurate fit within a few 
thousandths of an inch, and thus standardizing eylinders and 
pistons. Hesides this, a record is made of each machine in a 
book kept for the purpose, and when from the records it 
appears that the machine has been in the mine for longer 
than three months, that machine is brought to the surface for 
overhauling, whether the miner likes it or not. There is no 
doubt but that the enforcing of this system has given this 
mine its fine record on air consumption. 

A short resumé ot the result of these tests is given in Table 
12, from which it will be seen that the state of repair of the 


rABLE 12. RESULTS OF TESTS ON DRILLS 


Cu. Ft. of 
State of Air per Min. Relative Average 

Mine Repair of of Drilling Consump- Drill Speed, 

Drills lime tion In. per Min. 
Village Main Reef Ordinary 10314 100 1.27 
Ordinary 22 11s 1 2 
B ; = Ordinary 137 132 1 Sv 
Ordinary 153 147 1.29 
Cc aN Newly repaired 120 116 1 30 


machines on the various mines is reflected, first in the great 
difference in relative air consumption on the various muines, 
and, secondly, in the case of the last two tests, the difference 
on the same mine between the machines in ordinary state of 
repair and after having been newly repaired for the pur- 
pose of comparison. The important point about the over- 
hauling of rock drills is in connection with the true bore of 
the cylinder and good fit of the piston. The points which 
these tests do prove is that a very neat fit of the piston is 
essential to economy in air consumption. Some may be ot 
opinion that these close fits of the piston in the eylinder will 
cause trouble in practice, but the best answer to that is the 
fact that this close fit has not caused any trouble in some 
years’ experience at the Village Main Reef Mine. The 
sticking of the piston is caused by front bushing being too 
tight or by a bent piston rod. 

In the early portion of 1912 investigations were made into 
the cost of operating machine drills, and figures were ob- 
tained of the cost of maintenance of drills and of the 


cost of air used for drilling. It has been shown that the air 


units per equivalent rock drill machine shift have decreased 
due to the attention to various details of the drills. jeak 
ages, ete. 
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FOREIGN REVIEW AND REVIEW OF THE PROCEEDINGS OF 
ENGINEERING SOCIETIES 


ENGINEERING SURVEY 

Lik man who can make twice as many pounds of steam 

T trom a pound of coal as was made before would, in a 

way, confer on humanity almost as great a benefit as 

the man who makes the proverbial two blades of vrass grow 

where one grew betore. Whether the new Brinler type ot 

boiler, with the flame projected direetly under the water, does 

it, cannot be vet considered to be established by properly con- 

ducted tests, but it appears to be an invention having im- 
portant possibilities, 

MONTIUS ALTICLES 

At the basis of modern power generation hes the vreat 
question of tuel, and what Sir Roverton Redwood, a promi- 
nent British authority on oil, says with respect to the future 
possibilities of liquid fuel, is of particular importance in this 
country where the Diesel oil engine is now being introduced. 
In the same connection the article of Praetorius will be ot 
interest. Hellman shows how by a proper design of admis- 
sion valves and proper use of the scavenging process the 
output of a gas engine may be increased approximately 25 
per cent, at the cost of only a slight increase in power con- 
sumption at the scavenging blower. 

The section on Steam Engineering is of particular interest 
in this issue. Gwosdz deseribes the Greis smoke consuming 
apparatus and method of smoke prevention (improved 
type). Another abstract tells of the loeomobile driven cen- 
tral station in Wiborg, Finland, remarkable for its economic 
design aud low cost of power production in pounds of steam 
per kilowatt generated. In faet the plant is so designed 
that it works practically all the time at its most economic 
loads, and is at the same time perfectly able to take care of 
all peak loads. 

The report of the German investigation of the turbine 
situation in that country is concluded: it gives interesting 
data as to the turbine costs, efficiency at partial loads, and 
power reserves in turbine driven central stations (the latter 
appear to be suspiciously large). From a Russian paper is 
abstracted the beginning of an investigation on loss of heat 
of locomotive boilers through cooling, in which, probably 
for the first time, an attempt is made to fully consider the 
variation of the coetlicient of cooling as a function of the 
shape of various parts of the locomotive surface, its speed 
of motion, influence of wind, ete. The abstract will be con- 
tinued in an early issue. The question of the influence on 
the life of boilers of impurities in the feedwater, and in par- 
ticular the way their presence produces bulging of tubes, is 
discussed in two reports presented to the general meeting of 
the International Association of Boiler Inspection Societies; 
in the next article A. Gramberg thoroughly investigates the 
processes of water heating by steam, and compares, for output 
and efficiency, the parallel flow and counterflow principles. 


In the section on Materials is given an abstract of an 
investigation (in Austria) on telegraph poles affeeted by 
fungus, and an abstract of an article by Professor EF. J. 
Coker, of London, on optical methods of testing stresses in 
structures, giving the theory of this new method and showing 
some of the apparatus used. 

In the second section of the Engineering Survey, the 


Kugineering Societies, is presented a report to the American 
Conerete Institute, a new organization with a big field before 
it, on methods of tests of concrete materials. In papers 
betore other societies are described a drag line excavator, 
tests of ten ton ice machine, and commercial tests of internal 
combustion engines (with a diseussion of the importance of 
knowing the mixture strength for properly understanding 
the action of an engine); R. Thomas, in a paper before the 
Institution of Marine Engineers (British) gives valuable 


data on some gyroseopie phenomena. 


FOREIGN REVIEW 

Firing 

GREIS SMOKE-PREVENTING Device (Rauchverhiitungsap- 
parat System Greis, Gwosdz. Zeitschrift fiir Dampfkessel 
und Maschinenbetrieb, vol. 36, no. 50, p. 607, December 12, 
1913. 3 pp., 8 figs. d). The article describes an improved 
type of a smoke-preventing apparatus devised by Jakob 
Greis, as well as an older type of this apparatus. The prin- 
ciple of the apparatus is illustrated in Fig. 1A, which shows 
the position of the parts immediately after charging the 
fuel. with the door closed. Before the fuel was charged 
the valve a was in its highest position, thereby providing 
tor complete ¢losing of the opening in the fire door, while 
the weight b was in its lowest position, the entire apparatus 
being therefore eut out. When the fire door is opened, the 
valve a at first remains in its highest position while the 
weight », with the piston of the brake eylinder ¢ rigidly con- 
nected with it, is drawn upwards and comes to its highest 
position; thereby the lever of the steam stop valve d is 
raised so that the steam ean flow freely from the boiler 
through the pipes e, f, hk, and the nozzle g over the fire, and 
through i under the grate in the form of a fine steam vapor. 

When after the shitting of the fire and charging of fresh 
fuel the fire door is closed again, the weight b, on account 
of the resistance of tie fluid in the eylinder c, still remains 
in its highest position, while the valve a comes to its lowest 
position shown in Fig. 1A. This provides for the opening 
in the fire door being opened and for the admission of the 
air to the fire. But in doing that, the air strikes the hot 
plate & provided with small openings and reaches the fuel 
considerably preheated. The steam coming out from the 
nozzle g forces the fresh air on to the fire, and at the same 
time the particles of coal and flue gases, which are all tue 
time in turbulent motion, mix very closely with the steam 
and fresh air and are fully burned up either on the fire 
itself or in the flue passages. This action is helped out 
by the action of the steam entering through nozzle i. The 
weight b presses on the liquid in the brake cylinder ¢ which 
gradually passes through a little adjustable valve at the bot- 
tom and a special passage into the free space above the 
piston. The weight therefore gradually comes down and 
forees the valve a upwards which shuts off the admission 
of fresh air. At the same time the steam valve d is also 
closed. When the valve a reaches its highest position and 
the weight its lowest position, the apparatus has ceased to 
act, but begins all over again when the fire door is opened 
anew. 
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In the improved type ot apparatus the brake cylinder has 
been built much shorter than before, owing to the use of 
double rolls, which gives a more convenient position and 
shape to the counter weight and makes the entire apparatus 
much shorter and more compact. The entrance of steam 
into the valve d, Fig. 1B, is no longer from below with a 
lateral exit, but the reverse: the steam comes in [from the 
sides and goes out downwards. The method of regulating 


the brake liquid is also changed: the piston rod of the 
brake cylinder piston has large openings tor letting through 
the liquids (cil) and a plate valve is located under the pis- 
The cperation in the latest type is as follows: As 


ton. 
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Fic. 1 Smoke PREVENTING APPARATUS 


soon as the weight b, with the piston connected to it, is 
drawn up by the opening of the fire door, the plate valve 
falls down and opens the large openings in the piston to 
the free passage of the liquid. As soon as the counter 
weight begins to act on the brake liquid, the plate valve 
closes the large openings in the piston and the liquid must 
flow upwards through the hollow piston rod and regulate 
the valve m therein. In order to flow out again through 
the little holes in the piston rod above the piston, the slower 
or faster sinking of the weight b may be regulated by hand 
by means of a spindle traveling in the hollow piston rod, 
the latter being protected from bending or jamming. 

In connection with this apparatus, special provision is 
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made to take care of such soot and ashes as may still be 
carried off by the flue gases. It consists of a cylinder pro- 
vided with two bores of unequal dimensions and corre- 
sponding pistons. The piston rod, which at the same time 
acts also as a piston for the smaller bore of the eylinder, is 
given a form such that its lower part may be used as a 
valve and the upper part as a geared rod. The larger bore 
of the cylinder o is connected with the pipe p and the 
smaller bore with the pipes q” and q’, while in the dividing 
wall between the two cylinder bores are located the small 
passages r. In the smokestack a dividing damper, s, is 
provided, having a little gear wheel in mesh with the 
geared rod of the piston; further, a combined water and 
steam nozzle, t, located at the smokestack at right angles 
to cylinder o and connected by the pipe q’ with the cylinder 
o and by the pipe q” with the water tank. There is also 
a water pocket, u, on the side opposite to the location of 
the nozzle t and placed in a cut in the smokestack wall. 
It is connected with the steam valve d of the smoke-prevent- 
ing apparatus only by the pipe p and receives besides fresh 
steam from the boiler through the pipe g. The operation 
of the apparatus is as follows: When the smoke-consuming 
apparatus is not in action, all steam admission is cut out 
and the dividing damper s in the smokestack is in its ver- 
tical position, thus affording a free path to the hot gases 
rising through the smokestack. But as soon as the fire door 
is opened, the steam stop valve d is opened also and the 
steam can freely flow through pipe f to valve g over the 
fire, pipe hk to nozzle i under the grate as well as to nozzle 
n. It can also reach the cylinder o through pipe p and 
there raise the piston, the latter by its gears turning into 
horizontal position the damper s so that a part of the gases 
has to go through the water pocket, which is of such dimen- 
sions that by this arrangement the cross-section of the 
smokestack is At the same time tlie live 
steam pipe q and the pipe q’ leading to the combined water 
and steam nozzle ¢ are opened, so that the steam coming 


not reduced. 


through from the boiler or through the live steam piping 
ean freely flow through pipes q and q’ and nozzle t into 
the water pocket. By the suction of the steam in nozzle 
t water is sucked in through pipe q” and is mixed in the 
nozzle t with steam and is drawn out through the smoke- 
stack into the water pocket in the form of a mixed steam 
and water fog. This steam and water fog flowing at con- 
siderable speed in a state of fine division strikes the gases 
rising upwards and by its action the unconsumed smoke 
and soot particles as well as ashes drawn up by the fuel 
gases are saturated with wet steam and sink in the water 
pocket, while the clean gases pass out into the air through 
the smokestack. 

This process of washing the hot gases flowing through 
the smokestack continues as long as one of the smoke-con- 
suming apparatus on the boiler is in operation. The ap- 
paratus does not act until the fire door is opened, which 
represents the beginning of the period when the conditions 
are particularly favorable to an evolution of black smoke. 


Hydraulics 

New METHOp or GRAPHICAL PRESENTATION OF THE FUN- 
DAMENTAL EQUATION OF THE TURBINE THEORY (Eine Neuer- 
ung in der zeichnerischen Darstellung der Hauptgleichung 
der Turbinentheorie, A. Pfeiffer. Zeits. fiir das gesamte 
Turbinenwesen, vol. 10, no. 36, p. 561, December 30, 1913. 
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3 pp., 7 figs. t). Interesting article, not suitable for ab- 
stracting. The author shows how, by an assumption of 
certain auxiliary values, the normal Camerer diagram for 
water turbines may be simplified; thus, while the Camerer 
diagram requires the determination of eight points, the 
author’s diagram may be drawn with only five points, and 
with greater precision. 


Internal-Combustion Engines 

Tests at THE New Testinc Laporatory OF THE AUTO- 
MOBILE CLUB OF FRANCE (Les essais du nouveau laboratoire 
de VAutomobile-Club de France, G. Lumet. La Technique 
moderne, vol. 6, no. 1, p. 5, January 1, 1914. 3 pp., 6 figs. 
d). The article describes the new laboratory for testing 
automobile engines and making other tests in connection 
with automobiles, installed by the Automobile Club of France 
in its new house at Neuilly-sur-Seine. One of the first prob- 
lems of such a laboratory is to make provision for the con- 
venient placing on the testing stand of the engine to be 
tested. In the present case, this problem has been solved in 
the following manner: The engine is brought into the testing 
room on a light truck which can carry about 2 tons. To be 
properly tested, the engine must be placed on the stand con- 
veniently with respect to the brake arrangement, for which 
purpose each stand is provided with universal brackets de- 
signed in a manner such that the engine may be properly 
placed no matter how wide apart may be the bearing screws. 
The engine jacket must be cool; the gases of combustion 
taken away and necessary electrical connections established. 
There is therefore quite a complicated system of connec- 
tions and the pivoted bracket held against the wall is ar- 
ranged so that water, electrical current and exhaust pipes, 
etc.. are all conveniently located. Some of the special appli- 
ances used in this laboratory are of particular interest: First, 
there is a stand for testing the thrust of the propeller at a 
fixed point. Connected to the propeller is a calibrated speed 
gear change to which is directly coupled a dynamometer for 
measuring the foree as used, a device recently adopted by 
engineer Sabatier on the Bayard-Clément dirigibles. 

For measuring oscillation effects, a trepidator is used con- 
sisting of a heavy plank carrying a small dynamo which is 
provided on the axis with a heavy mass located eccentrically 
with respect to the axis of the dynamo. This plank is sup- 
ported at its extremities in a manner such that when the 
dynamo begins to rotate, it is given different oscillations 
which may be measured by an acceleromometer. (The Au- 
clair and Boyer-Guillon type is used.) This apparatus, as 
well as the vibrometer of Guiche-Carlo-Bouret is used to de- 
termine the properties of various suspensions of automobile 
carriages and the influence of oscillations upon their strue- 
ture, for the determination of which a mixed commission is 
appointed, consisting of members of the Central Society of 
Architects and the Technical Commission of the Automobile 
Club of France. 

In connection with these tests of various engines, on the 
outside of the laboratory a number of fans placed under 
awnings are provided. The cardan shafting connecting the 
engine of the fan passes through a special window in the 
wall of the laboratory. One of the integrating revo- 
lution counters has also a shaft which passes through the 
wall, while close to the counter is placed a controller of 
angular speed designed by Ventou-Duclaux. This apparatus 
has a little dynamo which takes care of the unrolling of a 
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strip of paper while two electro-magnets record on this strip 
ut paper every thousand of revolutions and every minute of 
time from the instant the current is switched in. 

The article describes also the apparatus designed for the 
investigation of accessories such as carburetors, mufflers, and 
ignition, as well as for the investigation of fuels. 


Suppty GoverNING OF Heavy Om ENGINES 
(Brennstoffzufiihrung und LRegulierung der Schwerdlmo- 
toren, Praetorius. Der Motorwagen, vol. 16, no. 34, p. 857, 
December 10, 1913, and vol. 17, no. 1, p. 1, January 10, 
1914. Serial article, not finished, d). In the present article 
the author proposes to investigate the methods of fuel in- 
jection and governing of heavy oil engines which he does 
by describing a number of systems used in this connection 
and from time to time indicating data of tests. Only such 
of the systems as are comparatively little known in this 


Fic. 2. Fre. Reovutation Devices, Heavy Ow ENormes 


country will be here reported. One of the main problems is 
to produce a close and uniform mixture of the fuel ana air. 
The Diirr Patents Company uses the device shown in Fig. 2. 
for this purpose, the fuel entering through a and the air 
through b with the valve ¢ acting as an atomizer. The mix- 
ture is then conducted by pipe d into a labyrinth arrange- 
ment where it moves in the directions indicated by the ar- 
rows and where it is expected to become more intimately 
mixed. The mixture flows out by the pipe e. 

A different system is used by Hindlmeier, Fig. 2B. The 
fuel valve a is provided on its seat with several grooves, 
alternating ones of which take up air and fuel. The fuel 
is brought in by b; compressed air by d. When the valve is 
lifted the air flows in between the fuel streams and forces it 
violently into the combustion chamber through the opening c, 
which results in the production of a good mixture. 
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Since a nozzle device is used in several types, the author 

gives a simple method for testing whether the nozzle is clean 

or partially clogged up. He recommends the taking off of 

the cover of the nozzle and instead of the plate H (he re- 

fers in this case to the Bergsund type of vaporizer, for 

which see The Journal, November 1912, p. 1882), a piece 

of paper is placed in front of the nozzle opening, and a 

short quick stroke of the fuel pump throws against this 

piece of paper a certain amount of the fuel. From the ap- 

pearance of the deposit on the paper one can see whether the 

nozzle is clean. Thus the deposit shown in Fig. 2C indicates 
a partially clogged nozzle while that in Fig. 2D shows a clean 
nozzle. 


NOTE ON THE COMPRESSION OF REAL Gases (Note sur la 
compression des gaz réels, H. Brot. Revue de mécanique, 
vol. 33, no. 6, p. 551, December 31, 1913. 9 pp., mt). 
Article not suitable for abstracting. The author attempts 
to apply the usual thermodynamic equation derived for per- 
fect gases, to real gases, assuming that the latter follow the 
van der Waals equation, and obtains some interesting results. 
Thus (a) he proves that: the heat produced by the com- 
pression of a real gas is equal to the sum of the work of 
internal pressure and the external pressure on the gas; and 
(b) he derives the equation of the adiabates of a real gas, 
general equations of transformation, and determines the 
inechanical work necessary to produce an isothermal com- 
pression of a real gas, as well as that for producing a non- 
isothermal compression (“if the initial and final pressures 
are low, the work of adiabatic compression of a real gas is 
less than the work of adiabatic compression of the same gas 
assumed to be perfect and under the same conditions of 
initial and final volume”). 


INcrEASE OF Speciric Ourpur oF Four-Srroke 
Gas ENGINES (Steigerung der spezifischen Leistung von 
Viertattgasmaschinen, W. Hellmann. Zeits. des Vereines 
deutscher Ingenieure, vol. 58, no. 3, p. 105, January 17, 
1914. 3 pp., 11 figs. de). The present article describes the 
constructional details of design to increase the output of 
a gas engine by about 25 per cent, continuously, at 
a cost of an additional expenditure of power of about 
215 per cent on the scavenger blowers, while, as the author 
claims, notwithstanding this increased output, the engine 
works at exhaust pressures not higher than other large gas 
engines (which is due to the fact that the compression space 
is only moderately increased). The thorough seavenging 
and the charging of the eylinder with gases and mixing air 
at atmospheric temperature reduces all the temperatures 
still farther, as modern experiments have shown. By this 
means essentially bettering the utilization of the heat con- 
tent of the gas is obtained. A thorough scavenging is 
secured by giving generous dimensions to the cross-section 
of passages for the compressor air (see Fig. 3A) by giving 
sufficient time for scavenging processes Fig. B, and by using 
scavenger air at a pressure of 2500 mm. (100 in.) water. 
Fig. A shows the admission valve gear for compressed air 
scavenging and quality regulation for a large gas engine 
with an admission valve of 410 mm. (16.2 in.) in diameter. 
The external drive of the gear is in accordance with the 
general design of scavenger in large gas engines. The regu- 
lation of the gas supply to the engine by means of a gas 
flap valve actuated by the governor has already proved its 


suitability in numerous cases. The admission valve is eon- 
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nected with the seat and guided in the usual manner so that 
all three can be taken out together from the valve chest. 
On the valve spindle sits a freely movable cast-iron air 
piston a, which is connected with the mixing-air and com- 
pressed-air valve b by means of two hollow steel carrier 
pins, wlich have on their cireumference turned out ringed 
grooves in which grip corresponding springs belonging to 
The 
two carrier pins move in the slides d of the air eylinder and 
prevent rotation of the air piston, while the compressed air 
valve cannot rotate owing to a key screwed into the eover 
of the admission valve casing. 


the cast-iron mixing-air and compressed-air valves. 


A serewed in and easily 
aecessible pipe e conducts the compressed air to an annular 
passage f in the bottom of the air eylinder, governed by 
the small piston valve g, located on the admission valve 
stem. 

The arrow / indicates how the compressed air comes 
under the air piston and raises to its uppermost position 
the piston valve. The valve, which is shown 
closed, closes in this position by means of the valve stem 


admission 


the passage i for the exhaust of the compressed air from 
the air evlinder. At the beginning of the downward motion 
ot the admission valve the compressed air under the air 
piston can flow out by means of the slot d of the carrier 
pin, while a further exhaust occurs through the passage 1 
which is opened by the valve stem. During the downward 
motion of the admission valve, and the mixing and com- 
pressed air valve b outside air flows into the space under 
the air piston a through the passage at m. The throttling 
serew k is however adjusted so that above the air piston 
a small partial vacuum is produced which keeps the valve 
and air piston in balance. The small check valve I acts 
only during the upward motion of the air piston, if the 
throttling serew k begins to brake the motion too strongly. 
It must be borne in mind that for the upward motion of 
the air piston and valve, the period of 2.5 piston strokes is 
available, which is quite a long time. The oil passage n 
brings oi! under pressure to the slide valve b, while the air 
piston a, and the 
through the opening o. 


lubricated 
with its second 
packing surface p acts simultaneously as a gas shut-off 
valve. 


admission valve stem are 


The admission valve 
The end ring q, turned so as to have a certain play, 
holds the gas passage somewhat elosed at the opening of the 
admission valve and beginning of compressed-air scavenging 
until the flow energy of the compressed air forees the gas 
into the eylinder, up to shortly before the dead point. The 
mixing-air and compressed-air slide valve moves down auto- 
matically, together with the admission air valve under the 
slight braking action of the smal] partial vacuum produced 
over the air piston. During the downward motion the com. 
pressed air passage is closed by the valve at about one per 
cent beyond the dead point and the mising-air passage 
remains closed by the valve somewhat longer than that even, 
so that into the evlinder can flow only clean gas which mixes 
in the compression chamber with the scavenging air. The 
duration of the pure gas flow, in accordance with the heat- 
ing value of the gas, can be maintained up to 30 per cent 
beyond the dead point, whereafter the mixing-air passage 
is laid open by the slide valve, gas and mixing air are 
allowed to flow in until the end of the suction stroke in the 
usual manner. The mixing-air and compressed-air valves 
then come to rest in their lowest positions while the ad- 
mission valve alone moves upward into its final initial posi- 
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tion. Then only the piston valve turned on to the valy 
spindle opens a smaller annular passage surrownding it. 
admitting compressed air under the air piston, and per- 
mitting it to raise both the piston and the slide valve intu 
their upper positions. For testing the air piston and its 
slide valve with respect to ease of run (for instance after 
long standing) two threaded holes are placed at 1s0 deg 
to each other and the openings s are used, the piston and 


slide valve being moved up and down by means of screws. 


Openings s are then closed again by serews ¢. The gas 
flap valve uw is actuated from the governor in the usual 
manner while the mixing flap valve v is adjusted by hand 


The arrangement eliiciently prevents the formation of 


mixture in the valve casing and permits it only atte: 


Fic. 3 
A. Gas Engine 
nace Gas Engine 


ADMISSION 
Valve Gear; B. 
with Gas Having a Heating Value of 700 to GOO WI 
(1260 to 1626 B.t.u ( 


Gas 
Admission 


AND SCAVENGING 


Admission Valve for } 


Valve Gear Diagram for the valve «} 
passage through the admission valve. This eliminates back 
firing in the valve casing and permits the mixing and com 
pression air valve to move in pure air only. If the 
gas engine is operated without scavenging, the compression 
air is shut off and the mixing air and compressed air slide 
valve is automatically pressed to its lower position while 
the mixing air passage is kept frequently open. 
is then operated in the usual manner. 


The engine 


The author discusses further the design of admission and 
gas valves for gases of various heating values, and shows 
governor diagrams for blast furnace gas driven dynamos 
running at a constant speed, and for a blast furnace gas 
driven blower running at variable speed. 


Mechanics 
Ruprures OF Macuine Parts (Briiche an Maschinenteiien. 


Kasten. Zeits. fiir Dampfkessel und Maschinenbetrieb. vol. 
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114. The 
great advantage of the electric elevator consists in the fact 
that it 


no. 1. p. 4, January 2, pp., 10 figs. d 


may be arranged so that the car may always be 
stopped exactly at the level of the floor, which is of impor- 
tance especially in the handling of freight. 

In the button pressure control electrie elevators, the cor- 
iectuess of the stoppage of the car depends to a certain ex- 
lent on the personal equation of the operator. On the other 
hand, the eleetric elevator presents certain advantages, and 
attempts were naturally made to combine the advantages ot 
hoth types. The evident way to avoid the disadvantages o! 
rope elevators for the delivery of freight was to replace the 
load post of the hydraulie elevator by a jack screw in the 
electric elevator. The author could find no data as to the 
etlicieney of the jack serew type, but it appears certain that 
In a large 
jiant. tests have shown that the current consumption for a 


it is more economical than the hydraulic elevator. 


litt ot about 4 meters (13.1 ft.) and a load eapacity of 1000 
ke. (2200 Ib.) as, on the average, about 65 watts. In this 
type ot elevator the influence of the connecting elements ot 


the car and driving engine is eliminated, but the influence 
ot the load, brake and the slowing-down path is present in 


is type also when the elevator has electric lever or press 


button control. 


The elevator therefore always has a ten- 
deney to pass its stopping level, and injuries to the elee- 
trieal and mechanical parts are possible. The proposal to 
stall an elastic element between the jack serew spindle and 
the car has met with objections, but it is remarkable that n: 
attempts have been made to enable the operator to control 
the brake directly, as it would appear that it is the one way 
to make the electric elevator as reliable as the hydraulic. 
The author discusses and illustrates a case of a rupture in 
jack serew elevator which shows that particular care must 
he given to the connection between the car and the spindle. 


ile shows also several designs of connecting elements. 


Refrigeration 
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é, vol. erial article. 


hisiied. a Complete eX position of the thee rv ana con- 
tle ol absorption and resorption retrigeratitic ma 
nes. Preliminary statements have been published betore, 


puiper presented to the Third International ¢ ONgress oO! 
veingeration (Chieage, 1913), and in various publeatio:s 
om. The Journal, September 1913, 174). 


Steam Engineering 


Brent UnperRWATER (Die Unter- 
Zeits. 
Lessel und Maschinenbetrieb, vol. 37. no. 2, p. 


1914, } de). All 


has so tar been based on the idea 


ER Bower 
vsserfeunerung System Briinler, Jaeger. fiir Damof- 
13, January 
pp. 1 fig. steam boiler construction 
of producing heat on one 
side of a good heat conductor, placing water or a corre- 
sponding hquid on the other side of the conductor and en- 
deavoring to transmit as much of the heat produced as pos- 
sible through the partition to the steam generating liquid 
(1 course, large heat losses are unavoidable in this process 

From this point of view the system invented by a German 
engineer, O. Briinler, is decidedly novel since he generates 
lwat directly under water without any heat conducting ele- 
iuent between the source of heat and the steam generating 


quid. Tis process is, to a certain extent, a return to the 
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principle of the 6o called “ Greek Fire” which was in use 
about a thousand years ago and the method of working of 
which is still somewhat of a mystery. 

Mr. Briinler built his first boiler some six or seven 
years ago, but the difficulties encountered have been so numer- 
ous that the tests had to be given up. Lately, however, an 
important boiler has been placed at work in a chemical fac- 
tory in Germany of the Wesenfeld, Dicke and Co., in Dahl 
near Langerfeld, where it is used for the evaporation of 
tungstic soda solution. The steam generated cannot be used 
yet for other purposes because, under the German police 
regulations, this boiler does not correspond to the approved 
boiler standards, and may not be placed in regular opera- 
tion. 

The plant consists of the generator proper in which the 
flame is produced under the water level, and the collector A 
with the pipes connected to it, a and a, This collector 
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Fic. 4 Brunier Borter with UNDERWATER FIRING 


serves for the storage of the liquid from which steam is to 
be generated as well as a collector of the steam generated 
and the gases produced in the process of its generation (car- 
bon dioxide and nitrogen). The collector is made of wrought- 
iron sheets; and the generator in this case of steel casting, 
which is used because this material resists better the action of 
tungstic soda solution than would wrought iron. 

Tar oil having a heating value of about 9000 WE (16200 
B.t.u.) is used as fuel in this case, but producer gas, coke 
oven gas, or any other gas, can be used with properly de- 
signed burners PB for each case. The tar oil flows to the 
burner through a mixing valve RF into which is brought lat- 
erally the compressed air pipe. The air and fuel admissions 
are regulated by a governor wheel s. When the firing is 
started, the valves P and R are closed. After the opening of 
the valves P and P, the tar oil and compressed air pass 
through auxiliary pipes h and h,, to the small mixing valve 
r and from there into the auxiliary vaporizer V. In the 
latter is located an ignition tube, which when the firing has 
to be started is brought to a dark glow by means of a torch 
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(to do this, the cover of the vaporizer has to be taken off). 
The mixture of compressed air and finely atomized tar oil 
flows through r, is ignited on contact with the ignition tube 
and in a short time brings it to a bright red glow. There is 
inserted in the upper opening of the auxiliary vaporizer 
a graphite dise which cuts off the ignition tube and forces 
the gases of combustion to flow through the inner part of the 
burner B. The latter at b is forked out and forms a hollow 
cooling space which is in connection with the water level. 
When the firing is started an adjusting valve at a is kept 
closed; then so much liquid is let into it from A that the 
level of the liquid NW is just under the opening of the 
burner. Through the action of the hot gases of combustion 
coming from the auxiliary vaporizer V, the upper plate b 
in the fork of the burner is brought to a red glow in a few 
minutes, a process which can be observed through a round 
spy-window in the wall of the generator. When this is so 
the cover of the vaporizer J)’ is screwed on and the main 
mixing valve R is adjusted by means of the wheel s after 
the valve P is opened. The tar oil flowing in is vaporized 
in the highly heated upper part of the burner B, is ignited 
at b, and a flame cone is formed at the lower opening of the 
burner. 

After the auxiliary closed, the 
valve at a is slowly opened so that the liquid reaches to the 
upper part of the burner and cools it from outside. As soon 
as this is done the liquid is brought to violent boiling through 
direct transmission of heat from the flame cone. The gases 
of combustion, consisting of carbon dioxide and nitrogen, 
pass together with the steam generated through the pipe a 
into the collector A. These gases and steam carry with 
them large amounts of liquid, the flame acting somewhat like 
a Mammoth pump so that lively cireulation is produced in 
the collector and generator. 


mixing valve r is 


The boiling of the liquid in the 
generator produces a cooling of the cover of the latter so 
that its external temperature is always below that of the 
steam. 

In addition to that there is an asbestos sheet placed 
between the burner and the cover so that the hot top of the 
burner shall not heat the cover too much by conduction. The 
entire apparatus therefore remains comparatively cool, but 
if necessary may be covered by heat insulating materials from 
the outside so as to avoid radiation losses. In no case ean 
the heating of the walls to a glow heat take place, and the 
worst that may happen is that through lack of water the 
top of the burner B may come to a glow, perhaps co a white 
glow, and may even be entirely melted. If this should 
happen there would be no dangerous results. In the first 
place the attendant would rapidly observe by the mano- 
meter of the collector A that the water level of the latter 
rapidly falls down, which would indicate that the pressure 
of the gases in the generator has come down, and would 
take corresponding steps. In the second place the melting 
of the burner would produce a closing of the passages, which 
in its turn would shut off the supply of gas and compressed 
air, and put out the flame. Should, however, the burner, 
instead of being melted, develop a side passage for the gases 
and air, the amount of the flow of gases would be so small 
that the flame under the action of water would be rapidly 
extinguished again. The Briinler steam generator, as far as 
safety from explosion is concerned, is therefore superior to 
the usual boiler types. A further advantage of this gener- 
ator is that no boiler scale formation has been observed 
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even where very poor teedwater and concentrated solutions 
have been used. When ordinary water is used for feeding 
the boiler, the favorable result is due to the fact that the 
carbon dioxide of the gases maintains the carbonates in the 
water in the form of acid carbonates, Ca(HCQO,), and 
Mg(lHiCO,), in suspension while the sulphuric salts are, as 
is known, the only ones which, when the point of saturation 
is exceeded, fall down in a fine powder. There is another 
circumstance also which contributes to the same effect: in 
the generator the boiling of the liquid is so intensive that 
there can be no stationary layers which contribute to the for- 
mation of mineral deposits. (Owing to the violent boiling 
and eddies, the use of a water level glass in connection with 
the generator is absolutely useless, and a manometer on the 
collector A takes its place to a certain extent.) The salts 
of the sulphur formation are, of course, deposited in the 
collector, but form no rigidly adhering scale. Owing to the 
fact that the collector is not strongly heated they are there 
only as a sort of mud. The water level in it is also fairly 
even and is not subjected to constant oscillations or to con- 
tinual variations, as in usual boilers. There seems to be a 
complete suppression of steam and gas bubbles on one hand 
and water on the other in the generator, and the inventor 
claims that very little steam is given off in the collector. A 
little distance below the water level the temperature sinks 
very little below that corresponding to a boiler temperature 
for the respective steam pressure, and if these data prove to 
be correct that would explain why so little seale is formed 
in the collector. It is, of course, clear that the pressure of 
the air of combustion must be higher than the steam and gas 
pressure in the boiler, since otherwise the flame would not be 
able to develop under the pressure coming from the diree- 
tion of the water level. There is formed around the flame a 
zone of superheated steam and superheated gases. The lat- 
ter, in view of the violent formation of eddies in the gen- 
erator, must separate from the water so fast that they have 
to reach the collector 30 to 40 deg. cent. hotter than the 
latter, and in the collector they produce a drying action on 
the steam and communicate to the mixture of the gas and 
steam a higher temperature than corresponds to the tempera- 
ture of saturated steam as given by tables. Although the 
test made by Wesenfeld, Dicke and Company confirm this 
fact, still it requires further proof to confirm the claim of 
the inventor that the fuel, in this ease tar oil with a heat- 
ing value of 9000 WE (16200 B.t.u.), evaporates more 
water than corresponds to the usual theory of evaporation. 
This is probably due to the chemical action of ultra violet 
rays produced in the flame, kept back by the screening action 
of water, and conducted away by the metal in calorimeter 
tests from which the theory of evaporation is deduced. Any- 
how, it is his claim that in the present tests 1 lb. of tar oil 
produces an evaporation of 20 to 21 lb. of water from a 
solution of tungstie soda, while in one test of 36 hours 
an evaporation of 24 Ib. of water per pound of fuel has been 
obtained as against the theoretically possible evaporation of 
14 lb. The article contains a tentative heat balance as well as 
a discussion of the possible advantages of this boiler. 


THe Locomosite Driven Centra Station at 
IN Fintanp (Das Lokomobilkraftwerk Wiborg in Finland, 
Annalen fiir Gewerbe und Bauwesen, vol. 74, no. 872/2, p. 
33, January 15, 1914. 3 pp., 5 figs. d. Practically the same 
article can be found in Zeits. fiir Dampfkessel und Maschin- 
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enbetrieb, vol, 37, no. 4, p. 38, January 23, 1914). The 
superheated steam locomobile has proved to be nearly as 
economical in its steam consumption as the steam turbine 
and lately it has begun to be used tor continuous power pro- 
duction in large power plants, especially in Northern Eu- 
rope. The author describes a very interesting installation 
of this kind in the city of Wiborg in Finland where three 
superheated steam compound locomobiles, Wolf type, have 
been placed to supply power and light to the entire city in 
connection with a small water power plant. The arrange- 
ment is as follows: In the daytime the power is supplied by 
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Fic. 5 Wisorc Locomosite Driven Cenrrat STATION 


Piping: a supply of circulating water; 4 discharge of circulating water; 
c vacuum piping; d boilet water discharge; e¢ feedwater suctior. pip- 
ing; f surface condenser; g circulating water pump; A steam oil 
separator; «¢ water oil separator. 


the hydraulic plant and one of the locomobiles, on which 
the load varies from 450 to 600 horsepower, that is, it re- 
mains continually within the most economical limits of fuel 
consumption. At dusk the second locomobile is placed in 
parallel, and in the course of the evening the load of the two 
locomobiles rapidly rises to about 1200 h.p. so that each 
locomobile works at its best economic output. In order not to 
overload the plant a third locomobile is all the time under 
steam ready to be switched in as soon as necessary. About 
midnight one of the two working locomobiles can be cut 
out, the other locomobile together with the water power 
plant taking care of the remaining load, street lighting and 
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house lighting. The electrical part of the plant consists of 
three polyphase generators of the German General Electric 
Company, 380 kw., power factor 0.8, 3000 volts, 50 cycles, 
170 r.p.m.; each generator is directly coupled to a shaft of 
the corresponding locomobile, the coupling being a flexible 
band of the Zodel-Voith type, which has an advantage as 
compared with the absolutely rigid coupling, in that when 
several machine aggregates are placed in parallel, it pre- 
vents dangerous shocks in the generator and tends to damp 
out hunting. As regards the steam end of the plant, multi- 
tubular boilers with withdrawable tubes are used in connec- 
tion with spiral superheaters, each boiler being provided 
with separate devices for blowing off steam, for cleaning the 
boiler pipes and superheater coils. The compound engine is 
placed on the boiler itself, whereby the constant relation of 
all the engine parts to one another is secured. The distribu- 
tion of steam in each of the two eylinders is secured by a 
simple piston valve with narrow spring packing rings of the 
R. Wolf type, while the governing is effected by the axle 
governor connected with the eccentric of the high-pressure 
piston valve. With due regard to the units being placed in 
parallel, each aggregate is provided with a regulating de- 
vice by means of which the speed of rotation may be either 
raised or lowered within certain limits by a hand wheel act- 
ing on the axle regulator. Each boiler has an independent 
stoking arrangement, the coals being thrown into the loading 
room under the machine room by means of funnel-shaped 
openings, and from there taken up to a height of about 
5 m. (say 16 ft.) by a serew conveyor which carries them 
cver shutes placed over the firing. Shovel stokers are used 
for the stoking proper and are driven from the shaft of the 
locomobile. A part of the space is occupied by the con- 
denser plant which is characterized by the rather novel ar- 
rangement, according to which all three units have a central 
condensation arrangement built by the machine factory of 
the Balecke Company in Bochum. The exhaust steam flows 
through pipe ¢ which acts as a common piping for all three 
locomobiles, then through the oil separator for steam h and 
up to the surface condenser f. The first water of condensa- 
tion passing from the steam oil separator, and still contain- 
ing a large amount of oil, is sucked up by a small centrifugal 
pump directly connected to a polyphase electric motor. 
On the other end of the shaft of this motor is a second small 
centrifugal pump which drives the main water of condensa- 
tion from the surface condenser f through a coke filter to the 
feedwater tank. The cooling water is brought to the con- 
denser by the piping a by means of the cooling water pump 
g. The motor which drives this cooling water pump is con- 
nected on its other end to a second centrifugal pump which 
acts as a vacuum air pump for the condenser. The cool- 
ing water leaves the condenser by the piping b. 

Official tests made at the factory of the builders have 
shown a fuel consumption of from 0.486 to 0.505 kg. (10.6 
to 1.11 lb.) per h.p-hr., and a steam consumption of 4.2, 
4.16 and 4.2 kg. (9.24, 9.16 and 9.24 lb.) per h.p-hr., with 
loads of 556 h.p., 530 h.p. and 525 h.p. respectively, the 
tests lasting from 3 hours to 4 hours. 


TESTS ON THE INFLUENCE OF COMPRESSION AND SURFACES 
THROUGH WHICH 1s EFFECTED THE HEAT EXCHANGE IN 
STEAM CYLINDERS, ON THE WORKING PROcEsS OF A SINGLE 
Enaine (Versuche iiber den Einfluss der Kom- 
pression und der Oberfliichen, an denen sich der Wiirmeaus- 
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tausch im Dampfzylinder vollzieht, auf den Arbeitsvorgang 
einer Hinzylinder-Maschine, E. Heinrich. Zeits. des 
Vereines deutscher Ingenieure, vol. 58, nos. 1 and 2, pp. 15 
and 58, January 3 and 10, 1914. 12 pp., 26 figs. etA). 
The article presents advance information of a series of 
tests made in the laboratory of Prof. C. Von Bach. 

They differ from similar experiments previously made in 
that an arrangement was devised by which the areas through 
which the heat exchange took place could be varied. Both 
jacket and cover heating were used while in some cases no 
heating was used at all. The compression varied from 0 to 
50 per cent as determined by diagrams taken from the ex- 
haust valve. Steam consumption was determined in two 
first, by the determining of the amount of steam 
brought in, and next by measuring the amount of water 
of condensation. The tests were made in the special la- 
boratory of Professor von Baeh, which afforded particular 
facilities for this kind of work. The boiler a (Fig. 6A) a 
small unit of the Prégardien type, with inelined grate and 
heating area of 100 qm. (1070 sq. ft.) generates what is 
called “ heating steam,” which in its turn produces the 
working steam. The steam boiler b, with a heating surface 
of 200 qm. (2140 sq. ft.) consists of a group of vertical 
pipes, its heating surface serving partly for the production 
and partly for the drying of the working steam. The ad- 
vantage of this arrangement consists in a precision of 
measurement of the unattainable, 
especially in short tests, since in this indirectly heated 
The 
steam engine can be used either as a single cylinder, or as 
a compound engine, or finally as a triple expansion engine 
with four cylinders, and can be used either with saturated 
steam or with steam superheated up to 250 deg. cent. (482 
deg. fuhr.) with a maximum output of about 200 e.h.p. 
In this case it was used as a single cylinder engine. This 
engine possesses an important advantage for the present 
test, in that its compression may be adjusted by hand from 
0 to 50 per cent while the engine is in operation. In addi- 
tion to this, the crank is also adjustable so that the stroke 
may be reduced from normal dimensions downwards to prae- 
tically any desired amount, thus permitting it to work with 
variable clearances. 


ways: 


feedwater otherwise 


boiler, the water level is nearly absolutely stationary. 


The admission can be varied from 0 
to 60 per cent, the speed from 20 to 130 r.p.m., both being 
adjustable by hand while the engine is running. The eylin- 
der has a stroke of 761.5 mm. with 250.8 mm. bore. Both 
the jacket and cover may be either heated by steam or left 
without such heat. Special arrangements have been pro- 
vided for the thermal elements to measure the temperature 
of the walls of the cylinder and cover. The plan: is pro- 
vided with jet and surface condensers, a wet pump and a 
pump for the cooling water being driven directly from the 
engine shafting. In order to increase artificially the area 
of the clearance space, the stroke was reduced from 761.5 
mm. to 701.9 mm. and the space left free in this way was 
filled up either fully or partly with iron plates and per- 
forated iron sheets, the total weight of which was so selected 
that in all cases there should be equal clearance on both 
sides of the piston: approximately 8.7 per cent. In this 
manner the area of the clearance space was divided into four 
stages, rising from approximately 0.404 qm. to 0.789 qm. 
(4.32 to 8.44 sq. ft.). Fig. B shows the arrangement of 
these additional elements and indicates that they are formed 
out of pieces of iron which are only slightly connected with 
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‘the other evlinder walls by means of supports having a very 
limited cross-section. In considering the number of these 
auxiliary areas in the heat exchange the masses of iron of 
which they are formed must also be taken into consideration. 
If © is the surface of one of such “ free iron weights,” in- 
dependent of the walls, G is its weight and ¥ is the specific 
weight of iren, then 


is the average thickness of O, Le., the average depth which 
is available for the penetration of heat waves into the iron. 
In this case the value of @ is the same for all stages; V1Z., 
0.6 mm, (0.024 in.) 

In all tests, the admission pressure of the steam was main- 
tained at 7.2 atmospheres gage; the pressure in the exhaust 
valve chest at about 0.15 atmospheres absolute, the admission 
at about 18 per cent and the speed at 92.5 r.p.m. The com- 


pression Was varied in four stages, viz., 1, 12, 25 and 50 per 


| A 


| 

"your, 


| 
J | Cow water suchon 
foce IV, Bock Pressure 0196 D 
x Back Pre 44 = 
Sertoce Back Pressure om = 9 
mpression. PerLent 
6 


cent and in order to maintain all other conditions equal, it 
was found advisable to vary the compression witbout inter- 
rupting the operation of the engine. Therefore in each case 
four tests of from two to three hours each were carried 
out with of about Figs. C 
and )) show the steam consumption per i.li.p-hr., with and 
without heating, as funetions of the degree of compression. 


intervals one to two hours. 


Other figures give the same steam consumption as a function 
of the compression end. pressure as well as the steam con- 
sumption for the different degrees of compression as a fune- 
tion of the areas. In Figs. C and D each test is represented 
by three points, the upper point corresponding to the value 
derived from the measurement of the feedwater: the lower 
point, the value derived from measurement of the water 
of condensation and the inner line the arithmetical means of 
the two. Figs. C and D show that, under the conditions 
maintained during the test, the steam consumption was at 
its minimum at degrees of compression between 10 and 25 
per cent. In the test where the lower steam consumption 
was obtained, the most favorable degree of compression ap- 


proaches the upper limit, while in the test showing a higher 
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steam consumption (without heating, large areas), the lower 
limit is approached, It appears from the other figures that 
the most favorable steam consumption in all the tests was 
obtained with the same final compression pressure, and was 
found at between 1 and 1.5 atmospheres absolute, but the 
curves obtained are so flat that it appears that deviations 
from the most favorable degree of compression or most 
favorable final compression pressure do not produce an 
economically important influence on the steam consumption. 
The most favorable steam consumption is approximately ob- 
tained at the pressure at which the final temperature of com- 
pression is equal to the temperature of the walls, but it ap- 
pears that the heat exchange between the compression steam 
and the wall does not absolutely determine the influence of 
the the consumption. 
Further, the initial condensation, at least within the limits 


degree of compression on steam 


of degrees of compression which are actually used in praec- 


tical operation, is practically independent of the degrees 
\ 
\ 
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PLant Data or Tests ON Heat ExcuancGe IN Steam CYLINDERS 


of compression which materially affect only the heat losses 
due to the clearances. 

The author made a purely analytical caleulation of the 
shapes of the curves of steam consumption in connection 
with the based on the above 
statement under the assumption of different efficiencies, and 
obtained for efficiencies used in the test, curves which were 
in every respect similar to those obtained from actual tests. 
It appears therefore that the shape of the curves is deter- 
mined by the quality. 


degrees of compression 


The most favorable degree of com- 
pression is reduced only when the quality becomes less, 
while higher degrees of compression have their most favor- 
able values for higher qualities and tend to become un- 
favorable when the qualities become less. In engines of this 
kind (i.e. working with saturated steam and condensation), 
when the quality is known and the admission remains con- 
stant, an idea may be gained by simple calculation, suf- 
ficiently exaet for practical purposes, as to the relation 
between the degree of compression, as well as the most 
favorable degree of compression. 

The action of artificial surfaces, Fig. B, which provide an 
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average depth of wall material of about 0.6 mm. (0.023 in.) 
for the oscillation of the heat waves appears to be propor- 
tional to their dimensions both with respect to steam con- 
sumption and to initial condensation. Owing to the slight 
depth of oscillation which they offer to the motion of the 
heat in the wal!, the action of these surfaces is slighter than 
that of the surfaces of the normal walls, in which latter is 
provided a possibility of unlimited permission of heat oseil- 
lation. The action of the surfaces for a wall thickness 
below a certain limit appears to be a function of that thick- 
ness. In the present case, in round numbers, it appears that 
the action of the additional surfaces is to the action of the 
original surfaces with respect to steam consumption, ap- 
proximately as 1:3; with respect to initial condensation as 
1:2. Calorimetrie investigation shows the generally known 
differences in the processes of heat exchange with and with- 
out heating, the larger initial condensation, the smaller 
supply of heat during the period of expansion without heat 
as compared with what happens with the heating of the 
steam jacket. The other parts of this investigation will 
be reported after the appearance of the complete publica- 
tion in the Mitteilungen iiber Forschungsarbeiten. 


Loss oF Heat sy Locomotive BorLers THROUGH COOLING 
(O potere teploty paravoznymi kotlami ot ocklajdeniya, 
M. V. Gololobov. Bulletin of the Permanent Committee of 
Advisory Conferences of Officers in Charge of Various 
Branches of Service on Russian Railroads (in Russian), vol. 
12, no. 12, p. 1013, December 1913 serial article, not fin- 
ished). The amount of heat lost by locomotive boilers 
through surface cooling cannot be strictly determined from 
theoretical and physical data. The boiler presents a combi- 
nation of several geometric bodies, each of considerable di- 
mensions. It consists of a cylinder which ends at the rear 
by a parallelopiped with a round or flat top. On the eyl- 
indrical part there is a steam dome in front of which is 
located the smokestack and often the lantern. The rear part 
of the boiler (jacket) is often partly inside the cab. Finally 
the lower part of the furnace is located between the frames 
and has no lagging. The part of the outside shell of the 
firebox inside the cab on some railroads is not provided with 
lagging so that in the winter the men in the cab would not 
feel the cold. Even in the simplest case, when the boiler of 
a locomotive at rest is in stationary air, the elements of its 
surface will not be in entirely uniform conditions owing to 
the large dimensions of the boiler parts. The air particles 
heated by contact with the lower elements of the surface form 
rising currents, the temperatures and velocities of which in- 
crease gradually from bottom to top as long as the air re- 
mains in contact with the surfaces at higher temperature. 
The phenomenon will therefore be dissimilar for the same 
cylinder, in accordance as its axis is horizontal or vertical, 
and will be further dissimilar for flat, vertical or horizontal 
walls of the same surface. In physics, the action of the sur- 
faces of large dimensions is but little investigated, although 
Ser in his Cours de physique industrielle, Vol. 1, Pp. 137- 
138, gives a formula for a sphere, vertical surfaces and cyl- 
inders with vertical and horizontal axes. ; 

When the locomotive is in motion, the phenomenon is still 
more complicated by the fact that air currents flow along 
parts of the boiler following complicated trajectories which 
depend not only on the shape of the boiler, but also on its 
velocity, while behind the smokestack, steam dome and cab 
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there are dead spaces, some of which screen one another. 
The surfaces within these dead spaces, or screened otherwise, 
will lose less heat since the air there is warmer through be- 
ing subjected to less intensive exchange. A lateral wind com- 
plicates the situation still more, as on the whole, it would be 
expected to increase the cooling by blowing out the air from 
the dead spaces and reducing the screening effects. It ap- 
pears thus that the problem of the cooling of a locomotive 
boiler in motion is a very complicated one. 

From what has been stated above, three important con- 
clusions may be drawn: First, the coefficient of cooling, i.e. 
the amount of heat lost per hour per square meter of boiler 
surface for the difference of temperature of 1 deg. cent., as 
determined from experiments on the cooling of boilers of 
small dimensions, is not fully applicable to locomotive boil- 
ers for which the coeflicient must be determined by tests on 
locomotive boilers themselves. Second, if the coefficient of 
cooling be expressed by the formula k = a+ b \/v, where v 
is the velocity of motion, k for a stationary locomotive can- 
not be considered equal to k when v = o (for instance to a), 
since k must be different and generally larger than a, owing 
to the fact that the air is never stationary when in contact 
with the walls of a stationary boiler. Third, the coefficient 
of the heat loss from the surface of a boiler is a variable 
quantity, so that one can consider only its average magnitudes 
not only for the entire boiler but for parts of it, uniformly 
screened and approximately under uniform conditions. 

Owing to the complications introduced by these features, 
general methods of determining heat losses of a boiler in 
motion are of necessity extremely simple and rough. The 
inequality of the coefficient of cooling for the various parts 
of the boiler and its functional relation to the speed of 
motion are generally neglected, and sufficient attention is not 
paid to the selection of a proper numerical value for the co- 
efficient of cooling. 

The author proposes to review the experiments previously 
made for the determination of the coefficient of cooling of 
the boiler surfaces in accordance with the formula k = a + 
b\/v as the derivation of a most correct method of solving 
the problem of the cooling of the boiler with due regard to 
the various method of boiler lagging. 


Forty-Tnirp GENERAL MEETING OF THE DELEGATES AND 
ENGINEERS OF THE INTERNATIONAL ASSOCIATION OF BOILER 
Inspection Societies (Die 43. Delegierten- und Ingenieur- 
Versammlung des Internationalen Verbandes der Dampf- 
kessel-U berwachungs-V ereine. Gliickauf, vol. 50, no. 3, p. 
96, 4 pp. g). Only sections of possible interest to the 
American engineers are here reported. (A) Report by 
Professor Blacher, of Riga, on Harmful Ingredients Con- 
tained in, or Added to, Boiler Feedwater, and on the In- 
fluence of the Working Pressure on the Action of the Said 
Ingredients. The presence of carbon dioxide in the boiler 
feedwater cannot be considered objectionable as a rule, but 
where the process of corrosion of the boiler sheets has al- 
ready started, it may accelerate it. It can, however, be easily 
removed by caustic soda. Air must be considered as a harm- 
ful agent, since the protective action of oxygen in boiler 
practice has been neither observed nor proved. The air in 
the presence of chlorides and under certain conditions causes 
dangerous spot corrosion, and since it is due to the action 
of the oxygen of the air mechanically carried into the boiler 
with the feedwater, it is advisable to take care to admit 
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as little as possible. It is very desirable to admit the feed- 
water either into the steam space or closely below the water 
level, so as to permit the air to escape into the steam. If 
there is a large amount of chlorides present in the water, 
it appears advisable to reject such water entirely, but if 
not, it is well to observe the inside of the boiler very care- 
fully, and as soon as signs of corrosion appear, to install 
zine plates in metallie connection with the boiler shell, tak- 
ing care, however, to see that as little as possible of air is 
allowed to enter, since otherwise the oxygen will in a very 
short time destroy the zine. As regards the organic con- 
stituents, Reischle, of Munich, discusses particularly the 
action of various tar, asphalt and graphite paints and men- 
tions the Brun process, widely used in Switzerland, which 
consists in the addition to the boiler water of some linseed 
oil. On the whole, he comes to the following conclusions 
with respect to the use of means for preventing scale. They 
prevent more or less formation of scale but cannot be con- 
sidered as a certain method of protection, with the excep- 
tion perhaps of the above mentioned Brun process; they 
produce solution of old scale only oceasionally, but usually 
make it brittle so that it either breaks off of itself or can 
be more easily removed. Sometimes their application may 
lead to overheating and injurious results to the boiler plates, 
especially the firebox plates, and finally they can produce 
clogging of the water level glass and blow-off cocks. 

(B) Report on the Causes of Bulging of Tubes in Water- 
tube Boilers even with a Small Deposit of Scale: can the 
influence of the shape of the firebox and adjoining heat 
passages be established in this connection? The report of 
Chief Engineer Czernek, of Frankfort (Oder) states that 
formerly ruptures ot water tubes were generally aseribed to 
poorly welded seams, but when seamless pipes came to be 
used, the number of ruptures did not decrease to the ex- 
pected amount because, at the same time, the boilers were 
subjected to higher stresses owing to the introduction of 
superheats, and this became still more evident when, with 
the introduction of efficient chain grates and other systems 
of mechanical stoking, the temperatures in the firebox be- 
came considerably higher than those met with in hand fired 
plants. The places where ruptures of tubes frequently oe- 
curred were the first and second row of tubes, but nearly 
always in the part of the boiler surface subjected to heat 
radiation. The material used in the compilation of the 
report shows with nearly perfect uniformity that the causes 
of the rupture of tubes were unsuitable feedwater in con- 
nection with an unsuitable design of the firing space. If, 
for example, the firing space for the fuel in question is not 
built wide enough so that there is a second burning zone, 
due to eddy formation of gases in the neighborhood of the 
tubes owing to sharp changes of direction, there is always 
produced an over heating of the pipe walls. If at the same 
time unsuitable water is used, injury to the pipes becomes 
inevitable. On the other hand, where the firing space is 
properly designed and good feedwater, consisting mainly 
of oil-free water of condensation, is used, the pipes will 
remain in good condition after many years of strenuous 
work. Therefore, for the prevention of injury to the pipes, 
the flowing rules should be observed. Feedwater contain- 
ing oil or organic substances should be avoided while the 
mineral substances should be removed by chemical means. 
The water must be brought to a high temperature in pre- 
heaters and the velocity of flow must be low. Nevertheless, 
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if scale formation is observed, the boiler must be cleaned at 
short intervals, and especially after having been cold for a 
long time. Complete combustion of the fuel must be striven 
for; even with fuels rich in gases, the combustion must be 
completed in the firebox. To prevent the formation of long 
drawn out flame, additional air may be brought in at an 
angle to the direction of the flame. The fuel gases, when 
they leave the combustion chamber, must pass very close to 
the tubes and sharp changes of direction and all air supply 
at that point must be avoided. 


TecHNiIcaL AND Economic Experiences iN Steam Tur- 
BINE OPERATION (Technische und wirtschaftliche Erfahrun- 
gen im Dampfturbinenbetrieb, Professor Josse and K. Hoe- 
fer. Zeits. fiir das gesamte Turbinenwesen, vol. 10, nos. 33, 
34, 35, 36, November 30, December 10, 20, 30, 1913. sA. 
Conclusion of abstract begun in The Journal, February, 
1914, p. 037). The article gives complete data, in the form 
of tables and curves, of steam consumption of turbines per 
kilowatt-hour. It points out that in various plants the ex- 
perience has been that the steam consumption increases up to 
about 5 per cent during the first few years after the instal- 
lation of the plant, although it worked under the same con- 
ditions of operation as before; partial renewal of the blading 
did not reduce the steam consumption to its initial level. The 
cause of this phenomenon could not be established. A very 
important question is that of steam consumption at partial 
load, since most of the time the power plant does not operate 
under its full load. The author quotes data for the steam 
consumption of various turbines at one-quarter, three-quar- 
ter and one-half load, and it appears that the large turbines 
are more economical at partial load than are the smaller tur- 
bines. In general, the turbines with a Curtis wheel appear 
to have a smaller specific increase of steam consumption at 
partial load than turbines not provided with such a wheel, 
due probably to the fact that in the first case, at partial load, 
some nozzles may be closed. It should be noted further that 
in some cases the steam consumption is lower at partial load 
than at full load: e.g., at three-quarter load it is 0.992 of that 
at full load. It appears that in this case the turbine has 
really been designed not for full load but for load somewhat 
below it, which would be correct since most of the time the 
turbine works not at full load but at partial load, and its 
design for the latter would therefore insure the most econom- 
ical steam consumption. In addition, the vacuum in the con- 
denser, owing to the small volume of steam at partial load, 
is improved, which in itself is favorable to the reductior. of 
steam consumption. As regards heat consumption and ther- 
mal efficiency of turbine installation, it appears that, al- 
though single values obtained in different places differ mate- 
rially from one another, with the increase of output of the 
plant there is a reduction in the heat consumption and an 
improvement in the thermal efficiency. The heat consump- 
tion varies from 10,000 WE. (39,700 B.t.u.) per kw-hr. in 
small plants to about 7200 WE. (34,580 B.t.u.) per kw-hr. 
in large plants while the thermal efficiency rises from 8.5 to 
12 per cent. This is due mainly to the fact that in large 
turbines there is a small steam consumption. Further, in 
large installations the boiler and steam piping losses are 
also smaller, and that in the design of large plants, more at- 
tention is paid to, and more efficient devices are provided for, 
the best utilization of the heat produced. The thermal effi- 
ciency of various plants varies within wide limits, viz. from 
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5.73 to 13 per cent, and it appears that the time when the 
plant was put up has no influence on the heat consumption. 
Next to the steam consumption of the power plant, the first 
cost has the greatest influence on the economical results. 
The author gives exhaustive data on this matter in the form 
ot details and curves from which it appears that the cost per 
kilowatt decreases with the increase of output from approxi- 
mately 180 Marks ($43.20) per kw. for small outputs to 
about 70 Marks per kw. ($16.80) for outputs of about 6000 
kw. 


Tests or A Steam Water Heater IN COUNTERFLOW AND 
ParaLLeL Flow (Versuche an emem Dampf-Wasserwarme) 
im Gegen- und Gleichstrom, A. Gramberg. Zeits. des 
Vereines deutscher Ingenieure, vol. 58, no. 5, p. 170. Janu- 
ary 31, 1914. 8 pp., 13 figs. e). The article reports a 
series of tests on a water heater used in the machine labora- 
tory of the Danzig Technical High School. It is built in 
such a manner that it can be used with both parallel tlow 
and counterflow. The heater (Fig. 7A) consists chietly of 
a copper heating serpentine coil enclosed in a jacket, the 
valve arrangement being such that while steam is admitted 
into the coil, water is at the same time admitted into the 
space surrounding it and by no error or carelessness can 
steam be admitted alone. During the test, these valves 
have been taken out in order to make the cross section en- 
entirely free. The main dimensions of the coil have been 
determined by careful measurements of the external dimen- 
sions and by weighing as follows: 


Length of coil, m./ft... /13.83 
Diameter, outer, mm. in..... 16.5 0 64 
Diameter, inner, mm./in............ 0.54 
Heating surface, outer, qm./sq. ft....... . 0.217/ 2.32 
Heating surface, inner, qm./sq. ft..... . 0.185/ 1.98 


The effectual external heating surface of the coil was as- 
sumed to be equal to 0.217 qm. (2.32 sq. ft.). 

Fig. B shows how the heater is installed: The water may 
come in either through valve 1 from the city piping, or, 
it a particularly uniform pressure is required, through 
valve 2 from a special storage tank, and can be sent through 
the heater either from the top bottomwards or from the 
bottom upwards. In the first case, valves 3 and 5 are open 
and 4 and 6 are closed; in the second ease, the reverse 1s 
done. The steam comes in in all cases from above and 
after passing through the water separator, is brought to 
the pressure at which it is to be introduced in the water 
heater. The water of condensation flows from the eoil 
downward at D. When the water flows from the bottom 
upward, the heater works on the countercurrent principle; 
otherwise in parallel flow. This water heater has been used 
in the machine laboratory for establishing the conceptions 
ot heat of liquid, heat contents of steam, the phenomenon 
of superheating of same at throttling; great losses of pres- 
sure in strongly cooled pipes and similar phenomena. All 
the important magnitudes may be measured. The water 
runs usually out at W through the funnel into the sink, but 
may be weighed by deflecting the funnel pipe. Two ther- 
mometers, t, and t,, show the temperature of the incoming 
and outgoing water. The amount of steam may be deter- 
mined by weighing the water of condensation which flows 
out at D and may be collected in a bucket. The temperature 
of the outgoing water of condensation is indicated by the 
thermometer t.. 

In April 1912, the author performed a series of tests 
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deseribed below, the purpose being to see the behavior of 
the heater at a given steam pressure, at a given tempera- 
ture of outgoing heated water, at a given volume of water 
and finally at highest output, this highest output being char- 
acterized by the fact that the steam is put through in such 
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Fic. 7 Prant ann Data or Tests on Steam Heatep Water Hearer 
PARALLEL FLow anp CoOUNTERFLOW 


a manner as to bring the outgoing water of condensation 
near the boiling temperature. 

Series 1: The volume of water was maintained constantly 
while its temperature, and therefore the exchange of heat, 
is varied. This was done by varying the steam pressure in 
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the heater. At moderate pressure, the steam does not pene 
trate far into the coil; it comes to a certain part ot the 
coil only, while the rest of it remains filled with air, through 
which, along the walls of the coil. flows the water of con- 
densation so that the pressure in the entire lower part ot 
the coil is equal to one atmosphere. With increasing steam 
pressure, the steam penetrates farther and farther into the 
coil as shown by the rise of temperature of condensation 
due to the fact that the water of condensation, flowing 
through a shorter piece of the coil, has less chance to cool 
down below 100 deg. cent. (212 deg. fahr.). When the 
steam pressure rises, the amount of condensation increases 
as well as the temperature of the water of condensation. 
The steam pressures which the heater requires, due to the 
amounts of heat given up to the water, are quite consid- 
erable, and in the present series of tests, have gone up to 5 
atmospheres, but with higher steam pressures, the steam 
breaks through without condensing. The temperature ot 
the water condensation approaches 100 deg. cent. (212 deg. 
fahr.) and at still higher steam pressure, the entire steam 
is not condensed and part of it comes out from W. This 
means steam losses and a reduetion of efficiency, and the 
highest output appears to be obtained when the temperature 
of the water of condensation is 100 deg. cent. (212 deg. 
fahr.). This maximum output is higher for the counter- 
current arrangement than tor parallel flow. A certain 
amount of water in the countercurrent arrangement is 
heated up to 69 deg. cent. (156.2 deg. fahr.) while with 
parallel flow, steam breaks through when the same amount 
of water is heated only up to 56.5 deg. cent. (133.7 deg. 
fahr.). The water cireulation is therefore corresponding]y 
smaller in the latter case. The efficiency of the counter- 
current arrangement is also higher while the temperatures 
of the water of condensation which represent the heat losses 
are considerably higher at parallel flow than at counterflow. 

Series 2: Behavior of the Apparatus when the Tempera- 
ture of the Water is maintained at 50 Deg. Cent. (122 Dea. 
Fahr.). The amount of water is variable and the steam 
pressure is adjusted by the throttling valve in such a way 
that the water flowing toward the heater has the desired 
temperature. The results of the test are repeated in Fig. C. 
where the curves for the countercurrent arrangement are 
drawn in full lines and those for the parallel flow in dotted 
lines. In order to heat larger amounts of water, ligher 
steam pressures are used (up to 10 atmospheres in the pres- 
ent series of tests) and the greater exchange of heat with 
increase of water means always that larger parts of the 
coil are filled with steam until finally the entire coil is filled 
with steam, when the temperature of water of condensation 
rises to 100 deg. cent. (212 deg. fahr.) and the point of 
highest output is reached. Comparison shows that for this 
case, the countercurrent arrangement is always superior 
to that with parallel flow. This difference in favor ot 
countercurrent flow is especially noticeable at the highest 
output. At parallel flow in the present apparatus only 
2450 ke. (5390 Ib.) per hour could be heated up to the 
standard temperature, while with countereurrent and a 
higher steam pressure up to 3800 kg. (8360 Ib.) per hour 
would be heated. As regards the shape of the curves. it 
may be noticed that the temperatures of condensation in 
one ease converge toward the initial temperature of 11 deg. 
cent. (58.8 deg. fahr.), while with parallel flow they tend 
to converge toward the outflow temperature of 50 deg. cent. 
(122 deg. fahr.). The efficiencies are less favorable for 
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small outputs because with uniform temperature of water, 
the heat losses are constant, and therefore affect a small 
output more than a large. 

Series : Behavior with Definite Steam Pressure. When 
the steam pressure available is maintained at a constant 
level, say five atmospheres, but different amounts of water 
are taken out of the heater, the process occurred as repre- 
sented in series of curves shown in the original article. 
When the amount of water taken out decreases, its tem- 
perature rises as well as the temperature of the water of 
condensation, flowing out of the apparatus, but the amount 
of heat exchange and steam introduced decreases. The 
water flowing through the heater may be reduced until the 
temperature of the water of condensation rises to 100 deg. 
cent. (212 deg. fahr.) and then the water reaches the high- 
est temperature which the heater can produce, viz., a little 
over 50 deg. cent. (122 deg. fahr.) with parallel tlow and 
approximately 70 deg. cent. (158 deg. fahr.) with counter- 
flow. 

Series 4: Highest Output of the Apparatus. The highest 
output of the apparatus is reached when the water of con- 
densation leaves it with a temperature of 100 deg. cent. 
(212 deg. falir.) and the steam is therefore just about to 
break through. For purposes of measurement one has to 
avoid this highest output, since at 100 deg. cent., notwith- 
standing careful lagging of the eondensation bucket, con- 
siderable heat losses take place. For test purposes, there- 
tore, the Inghest output is assumed to oceur when the water 
ot condensation has a temperature between 95 and 97 deg. 
cent. (203 to 206.6 deg. fahr.). At its highest output (com- 
pare Fig. D) the heater can heat the water to a temperature 
in inverse proportion to the amount of water flowing 
through it. The efficiencies for equal temperatures of the 
water of condensation are of course equal and appear to 
be less attractive for countercurrent flow than for parallel 
flow. With constantly decreasing amount of flow, the 
curves of efliceney assume a peculiar formation which, how- 
ever. holds only for countercurrent tlow. The curves of the 
steam volume and steam pressure in Fig. D converge toward 
the same point which appears to lie at a water output of 
about 150 kg. (330 lb.) per hour. The lower part of these 
curves cannot be obtained, however, since at the limited out- 
put of water (150 kg. or 330 Ib. per hour) and at zero vol- 
ume of steam, the water cannot be heated any more up to 
75 deg. cent. (167 deg. fahr.), neither will the water of 
condensation leave the apparatus with a temperature of 96 
deg. cent. (204.8 deg. fahr.). The efficiency eurves will 
therefore asymptotically approach the line AA’ in Fig. E 
or the efliciencey must become equal to one previous to that. 
This happens at the point where the curve for the steam 
volume intersects with the straight line expressed by the 
equation D 0.1251. From the rise of temperature of 
water by about 65 deg. cent. (149 deg. fahr.) and latent 
heat of steam as well as the consideration of the temperature 
ot the water of condensation being 96 deg. cent. (204.8 
deg. fahr.), it may be determined that for D equal to 

251V. the eflicienecy 7 is equal to 1. From the point of 
intersection B is determined, further, the point E to the left 
of which the temperature of water of condensation of 96 
deg. cent. (204.8 deg. fahr.) can no more be secured. The 
curve of efficiencies 7, appears therefore to have the course 
shown in Fig. E, which indieates the reduction of tempera- 
ture of water for outputs of less than 1000 kg. (2200 Ib.) 
per hour. From the date indicated in Fig. D, some further 


d 
{ 
| 
= 


062 FOREIGN 


calculations may be made. From the weight of steam and 
the steam pressure, the steam volume entering into the 
heater can be caleulated. This is shown in Fig. F, where it 
appears that at all pressures approximately 55 cbm. (say 
1940 eu. ft.) per hour flow into the heater, and since the 
free width of the coil is 42.1 mm. this indicates a steam 
velocity of about 100 mm. (328 ft.) per second. This 
velocity is approximately equal for all steam pressures, but 
at the left hand of the diagram must approach zero, since 
under the above assumptions the pressure of the steam at 
the outlet of the coil has to be equal to atmospheric pres- 
sure. (lt has been mentioned that the steam valve has 
been taken out of the water heater and that there were 
therefore no contractions.) The appearance of this curve is 
characteristic for the entire phenomenon. For flow with- 
out resistance, the velocity remains uniform up to a cer- 
tain critical pressure ratio (entering flow pressure equals 
1.8 of the back pressure and the velocity falls only at simi- 
lar entering pressures). For flow with resistance in long 
piping or in steam turbines, the entering velocity remains 
constant up to a certain larger pressure ratio. In the pres- 
sent case, the reduction of pressure is not readily recog- 
nized and the critical pressure ratio may be estimated at 
approximately 3, corresponding to B in Fig. F. The 
velocity of inflow, although it could not be determined with 
absolute exactness on account of the uneertainty of tem- 
perature of superheat, is still around 100 m. (328 ft.) per 
sec. It remains therefore substantially below the velocity 
of sound in steam which at the gage pressures used in this 
case is somewhere between 460 and 490 m. per second (say 
1500 to 1600 ft.). The velocity of sound is therefore not 
reached by far. The author investigates also the process of 
heat exchange in pipes and establishes the fact that with a 
large steam pressure, the pressure losses are considerable. 


Strength of Materials and Materials of Construction 


APPLICATION OF POLARIZED LIGHT TO PROBLEMS OF AP- 
PLIED MECHANiCS DEALING WitH DISTRIBUTION OF STRESSES 
(Les application de la lumiére polarisée aux problémes de la 
Distribution de Veffort en mécanique appliquée, E. G. Coker, 
Revue générale des Sciences, vol. 24, no. 24, p. 918, Decem- 
ber 30, 1913, 9 pp., 15 figs. etA). In the section “ Engi- 
neering Societies” are mentioned the Cantor lectures of 
Prof. E. G. Coker, of London. The present article by the 
same author presents with considerable detail another methi- 
od of determining the distribution of stresses in a body by 
means of polarized light. When a transparent body, such 
as glass, is subjected to strains, it acquires a double refrac- 
tion. A sheaf of beams of light, the transversal vibration of 
which are in the same direction, is broken up into two com- 
ponents, one of which vibrates in the direction of the main 
maximum stress and the other in the direction of the main 
minimum stress. If, for example, the case is considered of 
a rectangular plate (Fig. 8A) subjected to the tensile stresses 
p and q, at right angles to one another, the state of: tension 
through a plane section which passes through the point O 
of the plate may be represented by a vector of an ellipse 
in which the major axis OA is represented by p and the 
minor axis OB is represented by q. If the plane of vibra- 
tion of the rays of light is COC’, the effect of the system of 
stresses in the matter is expressed by the division of the rays 
of light into two components, one of which vibrates in the 
direction of OA and the other in the direction of OB. The 
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two sheaves of rays do not travel through the plate at the 
same speed, and although all along the plate they are in 
phase with one anotlier, they are not so at leaving the plate, 
and this difference of phase is maintained later on during 
their motion through the air. Therefore, if one interposes 
a prism or another device which has the power of seleeting 
the component of each vibration with respect to a given 
plane, the influence of interference which produces a color 
sensation may be observed, the latter being particularly clear 
if the plane selected is at right angles to the plane COC’. 
Fig. B gives a diagram of the apparatus used. Glass is not 
a convenient substance for this kind of test owing to its 
brittleness, but otler transparent substances may be used 
instead, such as nitro-cellulose products which are consider- 
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ably more ductile. The author used a substance called 
xylonite. It a plate of such substance is placed in the op- 
tical apparatus in such a way that when the plate is not 
subjected to stress, no light is transmitted, a moderate ten- 
sion produces a white-gray color; as the tension increases, 
the color passes by invisible gradations to lemon, yellow, 
purple, red, and finally a clearly defined blue. If the stress 
is increased further, the scale of coloration is repeated for 
practically each stage of stresses. In this way a scale of 
easily recognizable colorations is obtained showing the inten- 
sity of the strains in substances. For example, in single 
tension and compression, the relative lag of light rays which 
produces the color effect is proportional to the stress and 
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thickness of the plate; in this ease the magnitude of the 
stress is determined by the appearance of the color bands, 
the fact that tension or compression produce similar effects 
if the substance can freely vary in thickness being borne in 
mind. If a transparent beam is subjected to a uniform 
moment of bending, a system of color bands is obtained, 
distributed as shown ia Fig. C, and the distribution of 
stresses across the section can be determined as shown in 
the diagram at the right hand of the figure. One can see 
that the stress varies uniformly from the maximum compres- 
sion on the inner surface to O at the center. There it 
changes sign and uniformly increases up to a maximum ten- 
sion in the upper part of the beam exactly as in a metal 
beam subjected to the same kind of load. This is, by 
the way, one of the cases where the results of optical investi- 
gation can be compared not only with the mechanical meas- 
urements of strains but also with the theory of distribution 
of stresses in materials, and it is found that the values ex- 
perimentally determined for transparent substances agree 
very well with the exact theory and the measurements of 
actual strains. One may, therefore, rest assured that in 
complicated cases, the stresses in a transparent model are 
the same as in metal elements. The author, as an example, 


considers the case of a notched beam, as shown in Fig. D, 


where optical investigation shows, as one might expect, that 
the influence of the notch is to increase considerably the 
stress in the substance. The distribution of stresses is now 
much more complicated than in a simple beam. The neutral 
axis is displaced toward the notch while the color effects 
show that the maximum stress is at least twice as large as 
in a beam without the notch. The color bands really are 
quantitative pictures of differences of principal stresses at 
ach point, and, from this notion, several applications may 
be attempted in the field of mechanical engineering. Some 
of the most interesting of these applications are met with 
in investigation of eurved bodies, such, for example, as pipes 
transmitting fluids under pressure. The action of water or 
another fluid may be imitated by applying to the pipe a 
uniformly distributed pressure by means of a conieal man- 
drel, so that the pressure should be distributed as shown 
in Fig. Ka which produces in the beam a perfectly sym- 
metrical distribution of stresses. In this case, the color 
bands show that there is a large stress at the inner surface 
which diminishes at first rapidly and then gradually, to- 
wards the external surface. There is therefore a strain of 
radial compression accompanied by circumferential tension 
and the optical effects at that point are proportional to 
the algebraic difference of their intensities (in this case to 
their numerical sum). In a thick cylinder of the same 
proportions, the radial stress is not great, and its intensity 
may be determined independently, but their combined effect 
has been measured (see Eb). The application of a fluid 
pressure, measurable at the cylindrical surface of a ring in 
such a manner that no essential part of it might escape 
observation, is also an interesting mechanical problem, 
solved by an assistant of the author in the following in- 
genious manner: A little pump, the piston of which is 
actuated by a serew, forces oil at the desired pressure into 
an annular space between two metal dises, riveted together 
in the center, and the fluid is sealed in by a retaining rim 
which prevents its losses. This rim projects slightly beyond 
the periphery of the dise and carries on it a transparent 
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object submitted to the stress so that all of its parts are 
visible for the purpose of measurement. The same arrange- 
ment may be applied to the case of the thick pipe subjected 
to external pressure such as happens for example in boiler 
tubes. In a rim that is subjected to an extreme external 
pressure, the color bands are nearly exactly the same as 
in Fig. Fa. The stress is maximum at the inner face while 
the law of variations of stresses is practically the same 
as that established experimentally and shown in Eb; the 
only exception being that the sign is due here to the com- 
pression strain. 

The author discusses in detail such complicated cases as 
substances having defects of structure, or having annular 
forms subjected to tensile stresses applied diametrally, as 
in chain links. He passes then to the determination of the 
principal stress 

The cases of distribution of stresses considered above are 
such that one of the principal stresses at the point is very 
much larger than the other, while in several cases the mini- 
mum stress is zero. If, on the contrary, both stresses have 
certain values, it becomes important to separate them and 
to determine their magnitudes. If p and q are the main 
stresses at the point, the coloration is proportional to p — q 
and this difference may be measured either by direct obser- 
vation or by simple mechanical means. The measurement 
of the sum of principal stresses at the point is obtained by 
making use of the fact that the stress produces a variation 
in the thickness of the substances proportional to the sum 
of p+ q and this difference may be measured either by 
direct observation or by simple mechanical means. If, 
for example, both stresses are tensions, there will be pro- 
duced a lateral contraction equal to (p + q)/mE where E 
is the direct modulus of elasticity, m the Poisson ratio. The 
two latter quantities may be determined and the sum of the 
stresses deduced if one has a sufficiently sensitive extenso- 
meter for measuring the lateral contraction. ‘The values of 
mE ditfer considerably for various substances, but in the 
artificially transparent substances used in this investigation 
they are considerably less than in metals, and their deter- 
mination is much easier. The best value of EF for xylonite 
is 300,000 (with pounds and inches as units), while m is 
about 2.5, so that for each 1,000 lbs. of strain applied, the 
corresponding lateral contraction on plates ¥ in. thick is 
1/6000 in. To measure such a quantity satisfactorily to 
one or two per cent, it is necessary to use an instrument 
capable of indicating the variation of about 1-100 of this 
quantity, and the author and Mr. Scoble have const-ucted 
a lateral extensometer capable of detecting a variation of 
about one-half millionth of an inch. Fig. F shows the 
construction of this apparatus. The frame B carries a mi- 
crometer screw C, the point of which touches the plate of 
transparent substance. This plate is opposite to a second 
piece D the inner end of which is slightly pressed against 
the plate by the spring FE while the other end bears against 
the short lever arm I’, carefully pivoted at G, controlling 
the angular position of a lever Hf of a mirror J pivoted at 
kK. Every change produced in the thickness of the sample 
between the points causes a rotation of the mirror and may 
be observed by following the motion of the luminous point 
reflected from the mirror in the usual manner. The ob- 
servations may be controlled by a micrometer screw, which 
for this case is provided with a graduated head L. The 


| 
q 
” 
4. 
~~ 
> 
Fx 


064 


points only bear against the face of the plate without pene- 
trating into it so that the value of thickness as determined 
is exact. 

A combinatien of the two above described means, with 
the sum of the two quantities determined by one process 
and the difference by another, necessitates extreme care in 
the determination of the exact values of each quantity. 
especially if one of the quantities is much less than another, 
since even slight errors of observation form important per- 
centages of error in the value of the smaller quantity. As 
an example of this method, the author gives the measure- 
ment of a piece with a central hole in tension Fig. G. The 
values of p + q and p — q at the minimum transverse sec- 
tion are indicated on one of the diagrams as functions of 
the stress s, on the part of the plate which is not cut, while 
the separate values are given by the second diagram. Then 
by dotted lines are indicated a series of values calculated by 
theoretical caleulation. The agreement of the two sets ot 
values is remarkable as the test was rather severe since in 
this section, the radial stress q is slight while the tensile 
stress p is large, but the optical measurements show in an 
exact manner the characteristic valuations of p and q as 
well as the fact that the stress q must disappear at the ex- 
terior edges of the plate. 

The author discusses in detail the determination of lines 
of principal stresses and shows by examples how this is 
done. He passes then to the application of the optical! 
process to the case of shear stresses. To apply uniform 
shear stress to a plate made of transparent substance, he 
constructed a frame consisting of a pair of flat steel bars, 
holding the two long edges of a xylonite plate and clamped 
from both above and below by small and equal horizontal 
bars. As shown in Fig. H, a rectangular frame A is 
suspended by pin B from a supporting frame C of a simple 
lever testing machine of the Buckton type, and a central 
pair of holding bars R attached to a lower hook S holds the 
plate in such a manner that the equal rectangular elements 
T on each side of the central line are subjected to uniformly 
applied shear stress. In order to apply and change this 
stress, a spring balance J) carried on the external knife of 
the testing machine is actuated by the wire EF which passes 
over a guide pulley on to the serew F where, by means of 
the hand wheel G, one may in a few seconds obtain the 
desired stress. Shear stress produced at a given point may 
be determined directly from the coloring effect produced, 
but it is more convenient and exact to apply the zero method 
by using a piece placed in tension independently along the 
line of the main compression stress and placing on that 
test piece a load until the production of a dark field. The 
relation between the tensile calibrated 
test piece and the shear S, at a point of the plate, is easily 
deduced from the fact that the shear, pure and simple, is 
determined by the numerical value of one of the main 
stresses p at the point, or, since the other main stress is 
equa! to —p, the optical effect produced corresponds to 2p. 
The shear stress may therefore be determined by placing 
the ealibrated test picce in tension with its axis in line with 
the main stress of compression and increasing the tension 
until the production of a dark field of maximum intensity. 
The stress of the test piece while in tension is then numeri- 
eally equal to twice the shear stress S. The apparatus used 
for this purpose consists essentially of a miniature testing 
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machine with a frame, shaped like L, clamped to a vertical 
bar and pivoted about a horizontal axis. The tension on 
the testing piece is produced by means of a spring balanee, 
one end of which is connected to the main lever, while the 
other end is connected to the frame by an adjustable screw. 
The author gives several examples of the application of this 
method. 


CONCERNING THE CAUsés OF TROUBLE FROM FUNGUS ON 
TeLecraPH Poies (Uber die Ursachen der Hausschwamm- 
plage an den Telegraphen-Stangen, Karl Havelik. Zeits. 
fiir Schwachstromtechnik, vol. 7, nos. 23 and 24, pp. 633 
and 656, December 1913. 5 pp., pt). The author dis- 
eusses the curious fact that while on the Austrian side of 
the frontier a large number of telegraph poles impregnated 
with copper sulphate are strongly attacked by fungus (Me- 
rulius lacrymans), considerably less of these phenomena are 
observed on the other side of the frontier, especially in 
Germany. After a careful investigation he observed that 
poles which are placed in the sidewalk have the longest life; 
further that separate poles live many times longer than 
poles combined into the A-struecture, while the latter are 
When 
he investigated the causes of these facts he found that poles 
placed in the sidewalk are surrounded by closer trampled 
addi- 
tion, the single pole is in itself a very unstable structure, 
and unless placed in hard ground would be rapidly drawn out 
of its vertical position by the strains produced in stringing 
the wires. Therefore the earth all around the pole has to 
be well pressed in. It has been found that such a pole being 
fully protected from moisture, sometimes has a usage of 30- 
to 40 years, and when drawn out of the ground its cross- 
section gives an impression of perfectly fresh wood. Such 
poles begin to rot from the top, and by the process of center 
rotting are sometimes destroyed in a quarter of a century, 
though this period may be shorter if the upper part of the 
pole has not been well enough impregnated. On the other 
hand, poles which have been placed in the road itself are 
never fully protected from moisture, especially in the lower 
part in the earth. Therefore they rapidly develop center 
rotting, and are destroyed in a much shorter time than sim- 
ilar poles placed in the sidewalk, their period of life being 
somewhere around 18 years. The type of pole which par- 
ticularly attracts the attention of engineers in Austria in 
connection with the question of rot is the A-shape structure 
which is, as the author points out, in itself so steble that no 
particular necessity is felt for hard pressing in the ground 
around it. On that account the ground is generally loose 
and the pole is always surrounded by moist earth. This pro- 
duces a tendency to rot which affects this type of pole in 
particular. In several instances where a telegraph line has 
been made up partly of single poles and partly of combined 
A-poles, it has been observed that after a few years the A- 
poles have to be exchanged once, then twice, while the single 
poles are still in perfectly good condition. investigations 
have shown that the A-poles are attacked by real fungi, 
while the author has never been able to discover the appear- 
ance of real fungi on single poles. It has been further 
noticed that the spread of the fungi on telegraph poles is 
not as uniform as in house timber, probably because the 
conditions of temperature and moisture in the house are more 


less long lived than similar poles in an H-structure. 


earth, which forms part of the sidewalk itself. In 
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uniform. In the case of the telegraph pole there is par- 
ticularly intense rot on certain places, especially near the 
surface, while at the surface proper the temperature and 
moisture variations are so considerable as to make life im- 
possible to real fungi. It is interesting to note that some- 
times the A-combined poles are not attacked by fungi. This 
happens mainly when the pole is under water and the water 
prevents the access of air necessary for the life of the fungus. 
The author estimates that about 30 per cent of all the A- 
shaped poles in Austria are placed in swampy ground, and 
by this fact are protected from the action of the fungus, and 
as a result have a much longer life than other poles. Fur- 
ther, if right around the pole there is a large growth of 
vegetation, the pole is protected to a certain extent from 
the appearance of the fungus which is then unable to destroy 
the entire part of the pole under ground. On the contrary 
poles which have no vegetation begin to rot very intensively 
at the depth of about 50 em. (say 20 in.) and are destroyed 
within a period of two to five years. As a matter of fact 
the author appears to consider that the great trouble with 
the A-shaped pole in its relation to rot is its great stability 
which allows it to be placed in loose ground, often with a 
little heap of earth around. In locations where a heap of 
earth around the pole would not be tolerated on account of 
its being an obstruction to tratlic, and where there is no place 
to throw the earth taken out of the ground, this earth has 
tc be stamped hard into the hole, and a situation is ereated 
similar to that around a single pole. In such places the life 
of the A-pole is considerably longer than elsewhere. 

Besides the single pole and the A-pole in Austria, there is 
also used the H-type pole, especially where the sum of the 
diameters of the wires stretched over it exceeds 100 mm. (4 
in.). At first sight it would appear that such poles would 
be attacked by real fungus just as much as the A-poles, since 
their placing requires just as large holes. As a matter of 
fact, however, this construction is not so stable as the other, 
and besides the pole carries such a large weight of wires 
that it must be placed quite rigidly. Therefore the earth is 
stamped hard and the very care with which it is done acts as 
a guarantee in protecting the pole from the action of fungi. 

The Austrian telegraph administration has applied with 
eminent success several materials of impregnation for tele- 
graph poles, such as copper sulphate. It has also used 
stronger poisons such as sublimate, zine fluoride, bellit- 
sesquifluoride and fluopotassate of zine chloride. Such poles 
impregnated with quick acting poisons have been placed in 
locations where the poles were attacked with particular ra- 
pidity, and have proved to be quite long lived and practically 
free from the attacks of the real fungus. As regards the 
prevention of internal rot the author recommends that the 
parts of poles impregnated with copper sulphate or zine 
chloride be placed in either sublimate or zine fluoride for sev- 
eral days submitting to this supplementary treatment such 
parts of the pole as will be later placed under ground. 


Miscellanea 

On Exectric Conpuctivity or Gases aND Steam IssuING 
Stream Locomotive Smoxestacks (Sur la conducti- 
bilité des gaz et vapeurs émis par les locomotives a vapeur, 
M. Parodi. Société internationale des électriciens, vol. 3, 
Ser. 3, no. 30, p. 1009, December 1913. 5 pp. ep). Many 
times, difficulties have been encountered in the operation of 
electrie railroads using high-tension single-phase or three- 
phase currents simultaneously with steam locomotives. It 
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has been found that mainly in tunnels and under bridges 
ruptures in insulators are produced, and ares started be- 
tween the lines and the supports of the insulators in the 
roof of the tunnel or bridge, even though the insulation has 
been designed on generous lines and has been tested at volt- 
ages three or four times above the normal voltage of the line. 

Attempts have been made to explain this phenomenon by 
ascribing it to the action of deposits of soot and carbon on 
the insulators, but this explanation does not hold, since tests 
made by different engineers and repeated by the author, 
have shown that insulators covered on purpose by a thick 
layer of carbon deposits have proved to possess practically 
the same qualities as new clean insulators, both with respect 
to insulation proper, and to dielectric rigidity. It appears 
therefore that the cause of these difficulties on high-tension 
lines is to be sought in another direetion and the author 
found that the starting of the ares may be ascribed to re- 
duction of the dielectric strength of the surrounding me- 
dium, due to ionization of the steam and gases issuing from 
the smokestacks of steam locomotives. As a matter of fact, 
the possibility of such ionization has been proved by the 
electrostatic machine of Armstrong which works on the prin- 
ciple of electrification by friction of moist steam escaping 
from a nozzle. In this machine a little boiler insulated from 
the earth generates steam and after passing through water 
lets it escape through a nozzle in a manner such that the 
steam strikes a conductor also insulated from the ground. 
The conductor is then charged positively while the boiler 
acquires a negative charge and with the pressure of steam 
of 8 to 9 atmospheres, long sparks may be drawn from the 
conductor practically without interruption. In the ease of 
steam locomotives the phenomenon is somewhat dissimilar 
to that which takes place in the case of the Armstrong ma- 
chine, since the locomotive is grounded, but the Armstrong 
experiment shows that gases and vapors coming out from 
the stacks of steam locomotives must be electrified and 
therefore act as conductors. To prove the presence of such 
ionization the author made direct experiments, measuring, 
on one hand, the charges transmitted by means of an elec- 
troscope and on the other hand measuring the distances 
of spark passages in the electrified gases. After the elec- 
troscopie tests experiments were made with locomotives with 
the steam up, but stationary, and the jet blower working. 
By varying the operation of the blower the compositioa of 
the gases coming out from the smokestack may be varied 
at will and a mixture containing more or less stezm ob- 
tained. By placing the test plane of an electroscope over 
the smokestack of a steam locomotive it is found that it 
charges the electroscope in the usual manner and that the 
gases and steam which issue from the locomotive appear to 
be negatively charged. If the test plane is directly connected 
to the electroscope terminals, the electrification is so intense 
that the electroscope leaves are sometimes torn off. 


Similar experiments have been made in order to deter- 
mine the break-down voltage between plane and sphere at a 
constant distance from each other with the locomotive under 
them, and without, and it has been found that this voltage 
varies as follows: 

Breakdown Voltage (Volts 

Locomotive Locomotiv 

under Spark Removed 
Blower closed......... 5544 9150 
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Since the output of the jet blower of the locomotive is 
only about one-tenth of the locomotive in working order the 
above figures indicate only the tendency of the phenomenon 
and not its actual intensity. They show, however, that the 
electrification of the air and the reduction of the breakdown 
voltage due to the ionization of the locomotive gases and 
steam are suflicient to explain the constant disturbances in 
the working of certain high-tension installations. Naturally, 
this phenomenon would be particularly noticeable in tun- 
nels where the steam and gases of the locomotives accu- 
mulate in the upper part and form a sort of ionized cloud 
electrically connecting the walls of the tunnels with the high- 
tension conductors. In tunnels which are not properly ven- 
tilated and sometimes under bridges, this cloud disperses very 
slowly so that when an electrically drawn train comes 
through it, soon after the passage of a steam locomotive, an 
are may start between the conductor and the ground even 
though the voltage used does not exceed the regular tension 
of the line. It may be roughly stated therefore that in order 
to avoid ares in poorly ventilated places where steam and 
gases from locomotives may accumulate, the thickness of 
gaseous dielectrics must be at least two or three times as 
large as that used in places where ionized gases have no 
chance to accumulate. At the same time there are devices 
that will facilitate the elimination of the ionized gases, and 
ventilation especially will improve the installation of a high- 
tension electric line operated simultaneously with steam loco- 
motives. 

The author calls attention also to an easily observed fact 
which gives ocular evidence of the truth of his statement 
and which may be observed in the neighborhood of high- 
tension single-phase lines. Locomotive smoke in the neigh- 
borhood of the electric traction lines oscillates at a fre- 
quency equal to that of the line system. This phenomenon 
is often evident at night if the line is lighted by electrie are 
lights fed by eurrent having also the frequency of the trac- 
tion line. This synchronous vibration can be simply ex- 
plained only by ascribing it to the ionizing action of the 
gases and smoke coming out from the stacks of the steam 
locomotives. 
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AMERICAN CONCRETE INSTITUTE 
Journal, vol. 1, no. 1, November 1913, Philadelphia 


Report of Committee on Standard Specifications and Methods 
of Tests for Concrete Materials (Abstracted ) 

Etfects of Electric Currents on Concrete, E. B. Ross, Burton 
MeCullom and O. S. Peters 


No. 2, December 1913 
Effeets of Electric Currents on Concrete, concluded 


The Development of Concrete Grain Elevator Construction, 
R. P. Durham 


Report OF COMMITTEE ON STANDARD SPECIFICATIONS AND 
MetHops or Tests CoNcRETE Marertats (10 pp. g). 
Tests of the individual materials are not sufficient for deter- 
mining the quality of the concrete made from them. A cer- 
tain sand may give satisfactory results with one brand of 
cement and prove a failure with another. A sand of a cer- 
tain granulometrie composition may require an entirely dif- 
ferent proportioning with one coarse aggregate than with 
another or may be unsuited for use with it because of the 
sizes of the grains. 
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Tine Aggregate. Sand or other fine aggregate should al- 
ways be tested. In ordinary cases where special character- 
istics are not required, the test for acceptance is the deter- 
mination of the strength of mortar made up with the cement 
and fine aggregate to be used on the work in comparison with 
the strength of identical specimens made with standard sand. 
The results of this test are also an aid to the selection of the 
proportions which should be adopted. 

Compression tests of mortar are the most reliable, but ten- 
sile tests may be employed when a compression machine is 
not available. 

Requirements for Strength. The aim in concrete con- 
struction should be to obtain a sand which produces a 1:3 
mortar equal in strength to a similar mortar of a standard 
Ottawa sand. 
of less than 70 per cent of standard sand mortar should be 
rejected. 

Between these two limits the variations in strength should 
be taken into account in fixing the proportions of the mortar 
or concrete. 


Sands producing mortars having a strength 


The Committee sent out a cireular letter of inquiry to vari- 
ous laboratories asking for information on various steps 
taken in testing cement, and from the answers received com- 
posed the following list. (Of course, not all laboratories use 
all methods) : 

1 Examination of Deposit to determine its uniformity, 
stratification, extent, overburden, methods of stripping, han- 
dling, screening, washing, ete. 

2 Preparation of Sample to eliminate stone, water, silt, 
and to insure its being representative of the bank or the 
quantity from which it was taken. 

3 Tensile Test of Mortar to determine the strength of 
known mixtures of the sand and portland cement at various 
ages and to compare this strength with that of standard 
Ottawa sand 

4 Compressive Test of Mortar to determine the strength 
of known mixtures of the sand and portland cement at vari- 
ous ages and to ascertain what mixture is necessary to pro- 
duce a required strength, or impermeability. 

5S Compressive Test of Concrete to determine the strength 
of known mixtures of the sand and a coarse aggregate and 
portland cement at various ages and to ascertain what mix- 
ture is necessary to produce a required strength or imper- 
meability. In the case of bank gravel or crushed stone which 
is not to be screened and reproportioned this test is used in- 
stead of No. 4. 

6 Percentage of Moisture is determined in order to al- 
low for the water contained in the sand in proportioning 
mixtures, computing freight rates, ete. 

7 Percentage of Voids is determined: 

a By determining the specifie gravity of the solid particles 
and weighing a known volume of the sand and comput- 
ing therefrom the percentage of voids. 

b_ By filling the voids in a known volume of sand with a 
measured amount of a liquid.’ 

8 Yield, or Volume of Mixtures is determined by adding 
a known quantity of cement to a known quantity of the sand, 
wetting the mixture and noting the increase in the volume of 
the sand. This is repeated with various proportions of ce- 
ment and sand to ascertain the amount of cement required to 
fill the voids in the sand. 


1 This method as usually practised is very inexact on account 
of the air entrained 
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Density of Mortar and Concrete is determined for vari- 
eus mixtures of cement and sand and of cement, sand and 
stone to ascertain that mixture which gives a material of the 
greatest weight per unit of volume. 

10 Specific Gravity of Solid Particles is determined by 
three different methods: 

a ly the specifie gravity apparatus, such as the Jackson 
flask. 

b By pouring a known weight of sand into a known volume 
of water and noting increase of volume of liquid. 

c For coarse aggregate by suspending pieces by a thread on 
chemical seales and noting weight in air and weight 
when hanging in a jar of water. 

11 Specific Gravity of Sand including voids is deter- 
mined by weighing a known volume of the sand exclusive of 
moisture and computing the specifie gravity from the known 
weight of the same volume of water. Having determined the 
specifie gravity of the solid particles (test No. 10) and also 
that of the sand (ineluding voids) the percentage of voids 
in the sand may be caleulated. 

12 Weight per Cubic Foot is determined by weighing a 
known volume of the sand. This test is very closely related 
to test No. 11. 

13. Granulometric Analysis or Mechanical Analysis is 
made by passing a known weight of the sand through a series 
of sieves of various sizes and noting the amount retained on 
each sieve and the amount passing the finest one. This test 
shows the distribution of the particles from fine to coarse. 

14 Uniformity Coefficient is determined from a curve 
plotted from the granulometrie analysis by dividing the diam- 
eter of the particles at the point where the curve crosses the 
60 per cent ordinate by the diameter of the particles at the 
point where the curve crosses the 10 per cent ordinate. 

15 Wet Screening of a sand on the 100 and 200-mesh 
sieves shows the amount of fine material which can be washed 
from the sand and which in the ease of dry screening in test 
No. 13 often adhere to the larger particles and so leads to 
uncertain results. 

16 Silt Suspended in Water is determined by agitating a 
quantity of the sand with a large excess of water in a tall 
cylindrical glass vessel and noting the amount of silt which 
becomes suspended in the water and later setiles down on 
the top of the sand. 

17 Silt Washed Out is found by agitating a known quan- 
tity of the sand in water, allowing the coarse particles to set- 
tle and decanting or syphoning off the muddy water from the 
top. This operation is repeated until clear water is obtained. 
The amount of silt washed out is determined after evap- 
orating the water. 

18 Loss on Ignition is determined by heating to a red 
heat a weighed quantity of the dried sand and again weigh- 
ing after cooling. This test is best performed only on the 
silt washed from a quantity of sand us the silt usually con- 
tains the injurious organie constituents of the sand. 

19 Organic Matter is sometimes determined after the 
methods employed by the agricultural chemists. 

20 Chemical Analysis is made to determine the character 
of the sand grains. Only a few of the most common rock 
constituents are usually determined quantitatively, for the 
purpose of judging of the strength and durability of concrete 
made from the sand. A high silica content is usually desired. 

21 Microscopical Examination is made to ascertain the 
approximate size of the grains, their shape, character of sur- 


face and to detect the presence of objectionable material or 
foreign matter, such as mica or small roots or a coating on 
the grains. 

22 Absorption of Mortar and Concrete made from the 
sand mixed in varying proportions with cement, or cement 
and stone, is determined to ascertain its suitability and the 
proper proportions for the production of a product having 
2 minimum of absorption. 

23 Permeability of Mortar and Concrete made from the 
sand is sometimes determined for various proportions of the 
constituents in order to determine mixtures for the produc- 
tion of an impermeable mortar or concrete. 

24 Effect of Different Cements on some sands is quite 
variable and tests are sometimes made to determine with 
which of several available cements the sand will give best 
results. 

25 Freezing during the setting time has a more injurious 
effect on mortar and concrete made with some sands than 
those made by others, and tests are made to determine the 
extent to which the sand is affected by freezing. 

26 Fire has a more disastrous effect on some sands when 
used in mortar or concrete than it has upon others and a 
heat test is made to show the ability of the sand to resist fire. 
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Journal, vol 24, no. 4, October, November and December 
1913, Nashville 
Methods and Costs of Drag-Line Excavation, James Allen 
sarr (Abstracted ) 
Development of Southern Assembly Grounds, Near Waynes- 
ville, N. C., J. W. Seaver, Jr. 

Metnops aNp Costs or DraG-Line Excavation, J. A. 
Barr (8 pp., 3 figs. dh). One of the first drag-line ex- 
eavators was constructed by John W. Paige, who used a 
stiff-leg derrick and double-drum hoisting engines for lock 
work on the Sault Canal, at Sault St. Marie, Mich. In 
1909-1910 the modern steel machine appeared, in which the 
chief improvement was the design of special engines adapted 
to the work instead of employing ordinary hoisting engines. 
The caterpillar traction, now an exclusive Bucyrus feature, 
was first applied by them to a gasolene drag line in 1912. 

The drag-line Excavator is preéminently a machine for 
wasting or borrowing loose dirt. Especially where it is im- 
possible to get ears close to a standard shovel or where a 
pit is under water or too wet, the drag line is the next ma 
chine to be considered. While the standard shovel is w- 
equaled for close range work, still the drag line can do the 
same class of digging, but at a greater cost. 

These machines can be used to dig sand and gravel vnder 
water where the depth is not too great by reaching out from 
the bank of the stream and moving ahead when necessary. 
This class also includes placer mining where the scale of 
operations or the initial investment precludes the installation 
of a regular dredge. 

For digging ditches in drainage work the Class 91 drag 
line is one of the best machines that can be used It is light 
and quick, and can be made to handle a large amount of 
dirt for its size For ditch work the machine should be pro- 
vided with a caterpillar traction, which will give it a wide 
radius of action with a small moving cost. As long as the 
ground remains reasonably firm, rainy weather has no ter- 
rors for the drag line, the operator being protected 

The drag line is successfully handling sand, clay, brick 


| 
t 
¥ 
| 
. 
4 
a 
i 
ig: 
~~ 


068 ENGINEERING 


shale, pipe clay, adobe, soft sandstone, bog iron ore, rotten 
limestone, powder-broken rock, or anything else that can be 
moved by a man with a pick and shovel. In Colorado a drag 
line wasted a rock cut that broke well upon shooting. In 
digging through a virgin forest in Arkansas a machine regu- 
larly pulled stumps after they were loosened with powder. 
The smaller ones, from 24 in. to 30 in., were dug around and 
then pulled directly. 


OPERATING COSTS 


Since the Class 14 is the average size used, its costs will 
be used for a general illustration. 
One runner, $150 per month and board, for 25 shifts, 


including Sunday repair $6.00 


If machine runs on timbers instead of caterpillars, 
add one man. 


One team (if owned by company)...............4.. 3.00 
Depreciation at 10 per cent...........cseeeeecenes 3.50 

Total cost per 10-hour shift...................$35.21 


If the machine could dig continuously, this would be 3! 2 
cents per yard; but since it must move and occasionally lie 
idle, the average cost per job will be safely figured at 6 cents 
per vard under average conditions. 
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The Nebraska Blue-Print, vol. 13, no. 1, 1914, Lincoln 
Caleium Hypochlorite Disinfection of Water, H. P. Letton 
Test of York Ice Machine, C. L. Dean ( Abstracted) 

Paving, Pavements and Paving Materials, A. C. Smith 
Essentials of Error Theory (A), L. B. Tuckerman, Jr. 

Test or York Ice Macurine, C. L. Dean (8 pp., 5 figs. 
e). The article gives complete data of a 6912 hours test of 
a York Ice Machine made in the College of Engineering of 
the University of Nebraska in 1913. For the detailed tables 
ot data reference should be made to the original article. 

The plant consists of two vertical single-acting ammonia 
compressors, 742 in. bore by 10 in. stroke. The steam cylin- 
der is of the horizontal type, having Corliss governor and 
valve gear, being 111% in. bore by 10 in. stroke. The fly- 
wheel of this machine is 4 ft. in diameter and weighs 3000 
lb. The ammonia condenser is of the double pipe style, the 
pipes being 114 in. and 2 in. diameter, each coil being ten 
pipes high and 18 ft. long. The freezing tank is of 14 in. 
steel, 1334 ft. long, 7 ft. wide and 4 ft. deep. It contains 
35 freezing cans 8 in. by 15 in. by 35 in. of 100 lb. capacity. 
The brine coil consists of one section of double pipe, 2 in. 
and 3 in. in diameter, 6 double pipes high and 12 ft. long. The 
brine pump is a Duplex brass fitted pump 41% in. by 334 
in. by 4 in. An automatic thawing and dumping device is 
used for freeing the ice from the eans. 

Thermometer wells are placed at all points where tempera- 
ture is to be noted, and both steam and ammonia cylinders 
are fitted with reducing motions for the taking of indicator 
cards. A throttling calorimeter was used to determine the 
moisture in the steam, and Tabor indicators were used on all 
eylinders. 

A meter registered all water used in jackets and ammonia 
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condenser, the water from jackets being weighed as dis- 
charged, and this being taken from meter reading, gives 
water used in ammonia condenser. The condensed steam 
and condensing water was weighed directly. 

The speed of both brine pump and engine was registered 
by attached counters. The amount of brine in the freezing 
tank was caleulated from measurements and found to be 
263 eu. ft. or 19,840 Ib. 

Temperatures were taken as follows: At suction pipe 
entering ammonia compressor; at each discharge pipe leav- 
ing ammonia compressor; ammonia entering condenser; 
ammonia leaving condenser and liquid receiver; ammonia 
entering expansion coil; ammonia leaving expansion coil; 
brine entering cooler; brine leaving cooler; room tempera- 
ture; outside temperature; ammonia compressor jacket 
water, incoming; ammonia compressor jacket water, out- 
going; ammonia condenser jacket water, incoming; ammonia 
condenser jacket water, outgoing; throttling calorimeter, 
upper and lower thermometers. 

Following is tabulated the average data taken for each 
four hours of the test (lack of space will not permit the 
entire tabulation, and the results of the two parts of the 
test). 


Steam Cards 801b 
Spring 


Ammonia Cards 
100 Lb Sping 


Fie. 9 INpicator DiaGRAMS FROM THE Test oF a YorkK Ice Macuixe 


DATA AND CALCULATIONS, YORK MANUFACTURING COM 
PANY. 10-TON PLANT 


Area Diameter 


Cylinder Size, In. Sq. In. Rod,In. Constant 


Steam 1144 x10 102.49 1%% 0.00259 
k. Compressor 714 x10 44.18 15% 0.00111 
W. Compressor 72x10 44.18 15¢ 0.00111 


Cylinder Length of Card, In. Seale of Spring, Lb. 


Steam 2.9 80 
Compressor 3.00 100 
W. Compressor 3.00 100 


QUALITY OF STEAM 
H h + t,) H at 330 deg. 1186.9 


x L at 330 deg. = 886.3 
L h at 212 deg. = 180 
1186.9 — 180 + .48(272 — 212) 
886.3 


1.1 per cent moisture 

Quality = 98.9 per cent 
t, = temperature at atmospheric pressure 
t, = temperature at lower therm meter 

FIRST PART 

Tank contains 263 eu. ft. brine 

Density of brine = 1.207 

Weight of brine = 263 * 1.207 & 62.5 = 19,840 Ib. 

Specific heat of brine = 0.8097 


Temperature fall of brine = 64 deg. — 6.5 deg. = 57.5 deg. 
fahr. 

19,840 * 0.8097 * 57.5 = 923,680 B.t.u. taken from brine 

Allowing 3 Ib. loss per can = 105 Ib. 

3790 + 105 = 3895 Ib. ice 

54 deg. — 32 deg. = 22 deg. temperature of water above 


freezing at beginning of test 

3895 & 22 = 85,700 B.t.u. heat taken from water above 
freezing temperature 

Latent heat of water = 142 

3895 * 142 = 553,160 B.t.u. latent heat of fusion 

Specific heat of ice = 0.504 

32 deg. — 6.5 deg. = 25 deg. temperature of ice below 
freezing 


a 
A 
5 
4 
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925,080 

85.700 

553,160 

50,060 


50,060 B.t.u. taken from ice 


1,612,600 B.t.u. total 

B.t.u. taken out per ton of refrigeration = 284,000 
1,612,600 
284000 
Length of test 3715 hours 

5.68 * 24 


- §.60 tons refrigeration 


aR 3.63 tons refrigeration per day 

Average lip. 9.04 
2.49 hip. per ton refrigeration 
2 63 awe Be pe 
3895 Ib. 1.95 tons of 1ee 

Per Ton Per Per 
Kefrigertion LH.P.H. B.H.P.H. 

Jacket 607 
Ammonia condensing water.13570 
Condensing steam, wet... 2915 48.8 63.4 
Condensing steam, dry... 2580 48.5 62.7 
Condensing water........50900 852 1108 


During the second part of the test the cans were emptied 
and refilled as fast as frozen and the results here shown. 


Total weight of ice made = 4643.6 lb. 
Length of test 32 hours 
Average h.p. = 9.47 
4643.6 lb. = tons of ice 
Per Ton Per Per 

Refrigertion J.H.P.H. B.H.P.H. 
Ammonia condensing water.17310 
Condensing steam, wet... 4175 42.7 55.6 
Condensing steam, dry... 4130 42.2 55.6 
Condensing water........ 73300 748 976 


INSTITUTE OF MARINE ENGINEERS 
Transactions, vol. 25, January 1914, Stratford 

Tuk Gyroscope AND Gyroscopic ACTION IN ENGINEERING 
Practice, Thomas R. Thomas. (Lecture delivered to the In- 
stitute on October 20, 1913. 40 pp., 10 figs. gt). The 
paper presents a general theory of the gyroscope and a dis- 
cussion of some of its applications. In view of the fact that 
the theory of the gyroscope is fairly well known, only cer- 
tain parts will be reported here. In discussing the applica- 
tion of gyroscopie action, both intentional and unvoluntary, 
the author calls attention to its occurrence in locomotive 
wheels when running around a sharp curve. In the ease of 
an engine taking the right-hand curve, the front of the wheel 
would be moving to the right as compared with the center, 
and the bottom would consequently be forced in the same 
direction. This action is partly compensated for by keep- 
ing the outer rail higher than the inner, thus causing the 
weight to fall inwards; but the stress set on the axles must be 
appreciable. Another interesting example of gyroscopic 
action is found in the aeroplane—especially in one fitted 
with engines of the rotary type. Assume that the engine is 
of the Gnome type, rotating clockwise. If the rudder is put 
very sharply about, so as to bring the head of the machine 
around to the right, gyroscopie action forces the head down- 
wards. If the pilot is expert and far enough from the ground, 
he can correct the effect of the dip, but on the other hand, 
if he is near the ground, he may be in considerable danger. 
On the Wright machines twin propellers are used, in this 
way correcting each other to a great extent, but not entirely, 
as they run in opposite directions. If the propellers were 
placed one behind the other, or one a tractor and the other 
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a propeller, the compensation would be perfect. Further, 
it often happens that in a rotating wheel the center of 
gravity of the rotating mass is not in the center of rotation. 
A wheel may be perfectly machined and when tried in a 
lathe appear to be quite true, and yet when run at high 
speed it may run considerably out of true if the shaft is 
sufficiently flexible, which is due to the fact that the metal 
in the wheel is not homogeneous. The curious thing is that 
such a wheel when running at a certain speed, termed the 
eritical, will become perfectly true, while at lower speed it 
will throw considerably. The author explains this phenome- 
non by gyroscopic action. In Fig. 10A a wheel fixed on a flexi- 
ble spindle and running in bearings BB is shown. It is 
assumed that the spindle is uniform in action throughout. 
The wheel is exactly central between the bearings and the 
center of gravity is at A, a little away from the axis of 
rotation but exactly equidistant from the bearings. When 
the wheel is rotating, centrifugal force would bend the spindle 
until it took the form shown by the dotted lines. The wheel 
would be out of true radially, but quite true sidewise, with 
the eccentricity tending to increase with increase of speed, 
opposed only by the rigidity of the spindle. In actual prac- 
tice such conditions would occur only rarely, if ever; more 
likely it would be found either that A is not exactly equi- 
distant between the bearings or that the shaft is not uniform 
in section on both sides of the wheel. Suppose, then, a 
wheel mounted as shown in Fig. 10B with A in the same posi- 
tion radially as in the previous case but not equidistant be- 
tween the bearings; then the wheel would not only throw 
radially but would also be inclined toward the original axis 
as shown by the dotted lines. With the wheel rotating, the 
top away from the spectator, gyroseopie action would force 
the part of the wheel nearest to the left, and then the top 
would be forced to the left. As this action is occurring all 
around the wheel, the spindle is set vibrating with a period 
equal to the time of revolution. The wheel will oscillate side- 
wise, or precess in the manner of a spinning top, but the 
precession will not be free unless the revolutions coincide 
with the actual period of vibration of the shaft. When 
they do, the wheel will at once spin true. If the time of 
revolution does not coincide with the period of the shaft 
there will be periods of wobbling when they are not in phase, 
and periods of stillness when they are. Precession will be 
retarded in the first case and accelerated in the latter. The 
author diseusses also gyroseopie movements of a flywheel 
when inclined from the plane of rotation. 

In the discussion which followed, Mr. E. Kilburn Scott 
mentioned that some 20 years ago a company for whom he 
worked supplied some ship lighting sets of electrical machin- 
ery, which, to economize space, were fixed with their axies 
across the ship; but it was found that the shafts were very 
liable to breakage when in this position owing to the gyro- 
scopie action combined with the rolling of the ship. The 
difficulty was removed when the sets were placed with the 
shafts in a fore and aft position. Most gyroscopes in prac- 
tical use run at about the same peripheral speed as that 
adopted by Mr. Brennan who, on his monorail car, used 
a wheel 4 in. wide and 3 ft. 6 in. in diameter, running at 
3000 r.p.m., with the peripheral speed of about 33,000 ft. 
per sec. 

The particulars of the various gyroscopes are given in 
Table 1. 

The Anschutz wheel has been tested to destruction and 
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TABLE 1 DATA RESPECTING VARIOUS TYPES OF GYROSCOPIC WHEELS 


DIAMETER WiptH | PERIPHERAL. APPROX. 
Usep FoR or WHEEL, WHEEL, Srpeep, | Speen, WEIGHT MATERIAL Tyre or Moror 
IN. | IN. R.P.M. Fr. per Min. Lp. or WHEEL 
Brennan Monorail model 6% 2 2000 | 3400 7 Gun-metal | Direct current 
Brennan | Large monorail car 42 4 3000 33000 1500 Nickel steel | Two direct current motors on each 
| shaft 

Anschutz Compass 6 1 21000 32800 9 Nickel steel | Three-phase motor inside rim 
Sperry Compass 12 2 8600 27000 43 Vanadium steel | Three-phase motor inside rim 


neither the rim nor the web have given way; it was the shaft 
that broke first. The peripheral speed of about 66,000 was 
obtained, calculated to equal 750 miles an hour, and yet the 
steel in the rim did not break. The spindle of the Anschutz 
gyrowheel is on the principle of the De Laval turbine— 
very small in diameter so that the wheel can find its own 
center of gyration. The shafts of the Brennan and Sperry 
wheels are stiffly built and everything depends upon the most 
accurate balancing. Mr. J. W. Gordon distinguished be- 
tween a gyroscope and a gyrostat: calling the former the 
spinning member, and the latter, both spinning member and 
mounting frame. This distinction is of importance because 
the frame has the same properties as the gyroscope, being 
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Fie. 10 Gyrroscopic AcTION ON a WHEEL HaviInG THE CENTER OF GRAVITY 
Nor in THE CENTER OF RoTaTION 


connected to the wheel in a manner such that it has to share 
in all the motions of the wheel except the spinning motion. 
The gyrostat therefore possesses all the properties in pre- 
cession of the gyroscope, but there is one very important 
distinction between the two: The gyrostat has special prop- 
erties in reference to what the author calls constrained pre- 
cession, which may occur when the center about which one 
precession takes place coincides with the center of gravity, 
whereas the center about which the other precession takes 
place is at a distance from the center of vravity. 


INSTITUTION OF MECHANICAL ENGINEERS 


Advance publication, C, read January 16, 1914, London 
ComMerciaL Tests OF INTERNAL-COMBUSTION ENGINES, 
W. A. Tookey (19 pp., 6 figs. epA). The paper describes 
methods of commercial tests of internal-combustion engines 
based on the experience of the author, who, during the past 
few years, made tests on over 700 gas engines of various 
sizes and makes. The author worked out the test sheet shown 
in Table 2. His experience with internal-combustion en- 
gines has indicated that the strength of mixture, although 
one of the most important matters which should be deter- 
mined in all tests, is seldom taken into account in trials. In 


a former article (Engineering, October 15, 1909) he showed 
that the influence of mixture strength upon the thermal effi- 
ciency of internal-combustion engines was at least of equal 
importance with the compression ratio. He believes that 
equal thermal efficiency can be obtained through a wide 
range of compression pressures and from varying mixture 
strengths, providing the admission is properly correlated; 
by increasing the mixture strength, and delaying the firing 
point, higher mean pressures can be obtained with little, if 
any, loss of efficiency within certain limits. 

Throughout the series of commercial tests, the author com- 
puted the mixture strength of the charges taken in by vari- 
ous engines in terms of total cylinder contents, that is to 
say, gas, airand residuals, and then comparing with the mean 
pressure (positive loop) caleulated from intersecting dia- 
grams. The factor, mean pressure mixture strength, has been 
of invaluable aid in deciding the steps to be taken to obtain 
better results from all the engines inspected. In order to ex- 
press the mixture strength in terms of total cylinder volume, 
it is necessary to note the clearance » -lume as well as the pis- 
ton displacement. The latter can be calculated from the cylin- 
der dimensions of an engine, but the former, in commercial 
tests, cannot be definitely measured, although a close deter- 
mination can be obtained by observing the compression pres- 
sure attained, and also by noting the volumetric efficiency of 
the engine. 


The author describes in detail how he obtained all the 
data tabulated in the above table. He points out among 
other things that the compression curve exponent 1.30 ap- 
pears to hold good for gas, gasolene, and oil engines varying 
widely in design within close limits, so that it appears prob- 
able that computations based upon the exponent 1.30 give 
sufficiently accurate data for ordinary commercial testing 
purposes. As regards the question of the weight of the mix- 
ture, he points out that, for commercial purposes, the inter- 
nal-combustion engineer has no need of it, and if he can 
obtain information as to the relative mixture strength in 
B.t.u per eubie foot of effective cylinder volume it will be 
sufficient. But. in the absence of knowledge as to the mix- 
ture strength used, he is absolutely in the dark and has to 
face the confusing situation that with one engine of a cer- 
tain size coming on to the testing bed, the rated power, or 
consumption, may be readily obtained, while with perhaps 
another engine of the same or a different batch, he finds it 
extremely difficult to obtain the “ list” figures for output or 
for efficiency. Without a knowledge of the mixture strength 
with which the engine is working and at which the engine 
works best, he cannot be certain that the test-bed adjust- 
ments are final. 


The author points out that very efficient cooling and care- 
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ful adjusting of ignition-timing devices are required when 
the engines are called upon to deal with loads necessitating a 
continuity of explosions, producing mean pressures of the 
order of 90 lb. per sq. in., such high pressures being by no 
means uncommon in everyday work. The author believes 
that there is little doubt that gas engines rated by the mak- 
ers upon the basis of 80 lb. per sq. in. for continuous work 
actually possess considerable reserve of power. However, the 
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Therma! Efficiency, Per ent 


Fic. 11 Curves or Tests or INTERNAL ComBvustTion ENGINES 


THERMAL EFFICIENCY, PER CENT 


Z Increasing efficiency with increasing compression pressure due, by reason of 
reduction in clearance volume, to lesser total quantity of heat required 
to maintain equivalent mixture strength. 

Y Air standard efficiencies on basis of constant specific heat (Institution of 
Civil Engineers‘Committee, 1905). 

X Clerk's corrected efficiencies on basis of varying specific heat (Junior In- 
stitution of Engineers, Canet Lecture, 1913). 

T Tookey’s curve of practical efficiencies (7 x X=T). 

The circles and dotted continuation of curve T show the actual efficiencies 
obtained by various experimenters during thirty years (1881 to 1911), as accom- 
panying table, and their close agreement with Tookey's curve. 


Reference | Maker of 
Letter | Test by Engine Date Size of Engine, B.H.P. 
= 
A Slaby Otto 1881 4.5 
B Humphrey | Crossley 1900 | 360 
Cc Inst.C. E. National 1905 L, R, and X engines 
D Stead National 1911 | 750 
E Clerk Crossley 1894 12 
F Burstall Crossley 1904 50 
G Atkinson Crossley 1905 40 
H | Hopkinson | Crossley 1908 40 
K | Longridge Diesel 1905 500 
L Longridge Diesel 1905 80 
M Robinson Ruston 1910 50 


manner in which engines can be run at these other loads is 
very rarely understood by men in whose charge they are 
placed. While until recent years no appliances were pro- 
vided, by means of which the necessary adjustments could 
be made to obtain this much to be desired end, the only 
limit to an engine’s capacity for overloads within the above 
mentioned range is the liability of preignition of the charge 
during the final portion of the compression stroke. The 
more nearly the temperature reaches a certain critical point, 
either by heat generated during the combustion or by cylin- 
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der wall radiation, the more nearly probable appear the 
higher efficiencies. The output of power depends upon the 
mixture strength; the richer the mixture, the more powerful 
the impulse in terms of mean pressure; but if the load de- 
mands a mixture so rich that the combustion when once 
started proceeds with extreme rapidity under the tempera- 
ture due to compression and wall radiation, then preignitions 
are set up spontaneously, producing violent bumping and 
quickly bringing the engine to a standstill It is for this rea- 
son that engines governed by the “ hit and miss” system can 
be worked continuously at high mean pressures without giv- 
ing trouble; even if but one miss occurs at intervals of, say, 
20 cyeles, the engine will work quite satisfactorily, probably 
due to the fact that the air admitted during the miss, in- 
stead of creating turbulency, very effectually cools the skin 
of the internal wall below the critical temperature, which 
water circulation alone is unable to reduce. On the other 
hand, in throttle governed engines, preignitions are much 
more likely to give trouble since under heavy loads the com- 
pression pressure and temperatures are high and more heat 
is given to the walls. 

Prior to the discussion, the author explained a chart shown 
in Fig. 11, which he had prepared to bring out certain points 
in relation to mixture strength. This chart and the following 
passages were not published with the advance copy of the 
paper, but were reported from the London Engineer of 
January 22, 1914, Page 108. The horizontal lines refer to 
clearance volume pressures; the vertical lines show thermal 
efficiency in percentage. The chart showed the variations 
which different authorities said were to be expected from any 
internal-combustion engine in terms of compression pres- 
sure, or, what amounted to the same thing, compression- 
volume ratio. The curve Y was that referred to by the Re- 
search Committee of the Institution of Civil Engineers in 
their report in 1905 on the basis of a constant specific heat. 
It had been promised that as compression pressure went up, 
higher thermal efficiencies would be obtained, but practice 
did not bear out that theory. Dugald Clerk had, among 
others, set to work to find out why that was not so. The 
curve X was taken from Dr. Clerk’s figures, allowing for 
variation in the specific heat of the working fluid of internal- 
combustion engines. The curve was much nearer the Y 
curve at ratio 2 than at ratio 7, showing that, on going 
higher, the varying specifie heat of the working fluid tended 
to make the engine become less efficient. 

Another curve 7 is shown and along it are certain 
dots. The lower part of the eurve (marked in full) has been 
ealeulated; the upper part has been elongated and drawn 
out to make it agree with the test representing the actual 
efficiencies that had been obtained during the last 30 years 
by different experimenters with internal-combustion engines 
of varying compression ratios. 


JUNIOR INSTITUTION OF ENGINEERS 


Journal and Record of Transactions, vol. 24, pt. 4, Janu- 
ary 1914, London 
Engineering Business, J. H. Rosenthal 
The Future of Oil Fuel, Sir Roverton Redwood (Abstracted) 


Tue Futvre or O1 Fvet, Sir Roverton Redwood (34 pp., 
1 fig. gs). This paper was delivered as a presidential ad- 
dress to the Junior Institution of Engineers by the author, 
who is well known as one of the great authorities on oil 
fuels. 
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After discussing the various uses of oil fuel and sources 
of supply, the author passes to the future of oil fuel and 
expresses a belief that it depends not only upon the 
extent to which the output may be reasonably expected 
to increase, but largely upon the manner in which the 
fuel is to be used, since in the light of our _pres- 
ent knowledge the supply of oil fuel cannot be expected to 


TABLE 2 MR. TOOKEY'S FORM FOR TABULATING DATA OF COM- 
MERCIAL TESTS OF INTERNAL-COMBUSTION ENGINES 


Test No. 595A 
Name: 8S. & Co. 
Address: Bermondsey, 8. E. 
Assistant's Initials: A. R. P. 
Machinery driven: Dynamo and cocoa-grinding plant. 
24” x 30” (— ) Gas Engine No. 10841. 
R.p.m. / Light: 155 
\ Load: 154 


Date: 13 Feb. 1913 
2 Meters: 300 It. No. 906089 
300 It. No. 37388 


Specific piston displacement — } =7.854 cu. ft. per stroke 
1728 
Governor: Hit-and-miss 
A. XS. 
I.h.p. constant — =0.03427 
396,000 


Ignition: Two magnetos (low tension) 
Piston positions from edge of liner—in-center: 23.375" in; out-center: 6.625" 
out =30" stroke 

Exhaust valve setting { Open; piston 1° 

1 Close: piston 14.5’ in; lag 8.875" 
Open; piston 22.75" in; lead 0.625" 
Close; piston 3.875" out; lag 2.75" 

) Open; piston 20.5" in; lag 2.875" 
_ Close; piston 6.25% out; early 0.375" 

Compression pressure: 120 Ib. 


out; lead 5.625’ 
Mixture valve setting 


Gas valve setting 


Compression pressure ratio (‘ =9.0 
15 
Volumetric efficiency: 0.876 
Effective piston displacement: (Spec. P. D. & V. E.) =6.88 


q =5.4 
E. P. D._ )-1 563 cu. ft. 
Cc. V.R.-1 
Charge volume: 8.443 cu. ft. 
Improvements obtained: power per impulse, 9 per cent; consumption, 10 per 
cent. 


Clearance volume ratio 


Clearance volume ( 


increase to such an extent as to give consumers in general a 
free choice in substituting oil for coal as a source of power 
for industrial purposes, especially if the oil is not used in 
the most economical manner. The petroleum industry is un- 
The use 
But it is evi- 


questionably capable of much greater expansion. 
of oil fuel will undoubtedly largely increase. 
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dent that with all the rich new fields that may be expected 
to be developed, it will require a very considerable expendi- 
ture of capital directly to inerease the average rate of ex- 
pansion of the petroleum industry, especially in view of the 
fact that some of the older oil fields are showing signs of ex- 
haustion. So far as the future can be at all predicted, there 
will doubtless be a large and continuous inerease in the re- 
quirements of the navies of the world; as this demand is not 
primarily governed by price, it may be described as “ irre- 
sistibly preferential” in character, taking precedence there- 
fore over all industrial needs. Further, rapid progress may 
be expected in the use of more volatile products in road 
motor vehicles and in some countries there will doubtless be 
a greatly extended employment of oil fuel on the railways. 
Considered, however, as a source of power generally, it is 
improbable that the oil will be used otherwise than in an 
engine of Diesel or semi-Diesel type. As regards the use 
of oil as a source of power outside of the war navies of the 
world, it is evident that it must depend upon the price at 
which the fuel can be obtained. When the market value of 
oil fuel becomes established on what may 
Diesel engine basis, it is only those who oeeupy exception- 
ally favorable geographical positions with respect to the 
source of supply who could employ that sort of fuel in steam 
raising. 

In conelusion, the author vigorously pleads for economy in 
the production of petroleum and calls attention to the fact 
that immense sums have been thrown away in haphazard 
drilling operations while valuable oil fields have been de- 
stroyed by reckless procedure. 


be termed the 
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Journal, vol. 62, nos. 3189, 3190, 3191, January 2, 9 
and 16, 1914, London 
Tue MEASUREMENT OF STRESSES IN MATERIALS 
Srructures, E. J. Coker (30 pp. 41 figs. dtA). 
what popular, but very interesting presentation of the main 
problems and methods of measurement of stresses in ma- 
terials and structures, forming the subject of three Cantor 
lectures delivered by the author in December 1913. The 
part referring to the optical methods of measuring stresses 
is reported in the Foreign Review section, from ar article 
by the same author appearing in another publication. 
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REVIEW AND REVIEW OF THE PROCEEDINGS OF 


ENGINEERING SOCIETIES 


ENGINEERING SURVEY 
An inquiry has lately been received to the 
reprinting an abstract from the Foreign Review. 


right of 


In 


cordance with the poliey ot the Society, all matter published 


as 


ac- 


in The Journal is free for reprinting, and anything tending 
to extend the usefulness of the Survey is heartily welcomed. 
As a matter of faet, both American and British engineering 
papers reprint from time to time articles from The Journal. 


THIS MONTH'S ARTICLES 


The first section, Air and Gas Engineering and Air Con- 
ditioning, contains a detailed abstract of an article on pre- 
venting the formation of a mist in factory rooms, and the 
heating system used in this connection; a valuable dis- 
cussion of the oscillation pyknometer, an acoustie instru- 
ent lor measuring the density of gases and liquids, and 
data of tests on the explosion points of various mixtures 
of natural gas and air. In the next two sections are given 
a description of a large heating system where a number of 
buildings are heated by exhaust heat from gas engines. and 
some data of tests of a hydraulie air compressor. Under 
the heading Internal-Combustion Engineering will be found 
an illustrated description of the new type Delaunay-Belleville 
carbureter, of the De-Fontaine revolving grate gas producer, 
and on various methods of governing the water injection 
in hot bulb engines. The Shop Processes section comprises 
the first ot ot 


the autogenous processes of eutting metals, and on east-iron 


installment an article on the investigation 
founding. The section on Steam Engineering is of particu- 
lar interest. It ineludes an investigation of the influence 
that the temperature of superheated steam exercises on the 
steam consumption of the engine; on trouble from unclean 
steam in modern high-duty boilers, and how to avoid it: and 
The next 
some data on the influence of arsenie on the strength of 
rail steel. 


on 


latural steam in Tuseany. section contains 


A comparatively large number of abstracts are made this 
month from the proceedings of various engineering societies 
in addition to those mentioned in connection with the For- 
eign Review section. The following subjects have been con- 
sidered: compressibility of ice; use of peat powder as fuel 
for locomotives; advisability and conditions of using mix- 
tures of coal tar and creosote for wood preservation; tests 
on eonerete columns reinforced with a spiral of steel; how 
pores in hollow brasses may be closed; heat economies in 
sugar factories, and the influence of using multiple effects, 
vapor heaters and vapor pans; air brake performances in 
actual practice and causes of imperfect operation; nature 
of steel from the physico-mathematical point of view; 
trouble from corrosion in tramp steamer boilers. and use 
ot ealcinated soda to prevent formation of seale when using 
sea water; electric train lighting; modern methods of weld- 
ing; absorption of oxygen by coal; reversing air currents 
in coal mines and the mechanical structure involved: steel 
passenger ear design; electrical conductivity under varying 
conditions of eross ties treated with creosote; preservation 
of wood (in particular use of sugar) ; testing low-head water 
turbines (with data on the Holyoke testing plant.) 


73 


FOREIGN REVIEW 

Air and Gas Engineering, Air Conditioning 
EXPLOSION (Ex plo- 
sionsgrenzen von Naturgasgemischen, Z. Z. Biluchowski and 
Z. Lahoeinski. Petrol um, vol. 9, no. 9, p. 605, February } 


1914, The rapid development of the natural gas 
industry as well as the 


Points or NaruraL Gas 


2 pp. 


extended use of natural gas for 


heating and lighting purposes prompted the author to under- 


take an Investigation of the explosion points of mixtures 


natural gas with air. 


Phe explesion points of such mixtures depend usually 
ipon the temperature of the explosion exeiter and the 


mixture, on the thermal properties of the gases and their 


produets of combustion and especially on the ratio of mix- 


ture of the gas with air. This matter has not hit 


herto been 
fully investigated, at least not with regard to the Gal.zian 
natural gas with whieh the authors made their tests. The 
testing arrangement was as follows: 

ol 


an Orsat apparatus and a Hempel explosion pipette in 


A gasometer about 20 liters 


with 


capacity was provided 
such a manner that the gas mixture could be iy 
The 


tained about 150 em. (1.15 en. in.), and was ] 


ivestigated 


immediately previous to the explosion, pipette con- 
rovided with 
platinum electrodes separated from each other at 


of 2mm. (0.08 in. 


a ilistance 
), the explosion being produced by an elee- 
trie spark from a small induction coil excited by altern 
eurrent. 


ating 
The natural gas used for the test was taken from 
the main pipes of a Galizian distributing system, and at the 


time ot the test contained 40 per cent air 
weight 0.870. The tests with air 


‘rom 40 per cent up, because previous tests with other k 


and | a specific 


ol 


were made mixtures 


inds 
of gas have shown that investigations of mixtures containing 
less than 40 per cent did not present any interest. 


For the 


production of benzine, the lowest gasolene obtained 


trom 
Bitkower erude oil has been used. with 
(.622 at 15 dee. cent. 


selected on the ground of 


specific weight of 
(59 deg. fahr.). This benzine was 
previous investigations because 
the ability to form explosive mixtures belongs preéminently 

to the lightest oils, and further, because the ! ot 
products of distillation approach very 


nearly to those of pentane with which similar experimen 


rroperties 
these fractional 
1s 
have previously been made. The desired mixtures have be« n 
prepared by evaporating small amounts of benzine in a sep- 
arate gasometer and by passing the vapors into the gas- 
ometers with the Hempel explosion pipette. In this manner 


they could prepare mixtures with the desired content of air, 

In order better to determine the influence of the test con- 
ditions, the authors have also determined the explosion lim- 
the usual manner, 
washed in concentrated sulphurie acid and of a specitie 
weight of 0.561 (air = 1). Table 1 exhibits data of the 
present test as well as those of former tests by | 


its of methane, which was produced in 


sunte, Eitner 
and Trautwein. The average temperature at which experi- 
ments in the present series have been made was 20 dee. cent. 
(68 deg. fahr.). From this table it appears that, although 
according to previous investigations of Dr. Hausmann and 
Dr. Gruszkiewiez, natural gas approaches methane in its 
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general properties, it possesses the closest limits of explosi- 
bility, while methane has the widest limits, which confirms, 
by the way, the observations of Eitner that the explosibility 
of a gas is materially affected even by comparatively unim- 
portant chemical influences. Contrary to expectations, the 
explosion limits of methane coincide with those of gasolene. 
These tests seem to show that the utilization of natural gas, 
in so far as possibilities of explosions are concerned, does 
not involve any particular danger. 


TABLE 1 EXPLOSION POINTS OF NATURAL GAS-AIR MIXTURES 


Percentage of Combustible Gas Explosion 


in the Mixture Limits 
Kind of Gas ma 
| No Ex- Explosion No Ex- 
plosion Region plosion Lower Upper 

Methane *..... 6.0 16.2 to 12.7 2.9 61 12.8 
Methane... 3.6 3.8 to 8.9 9.1 3.7 9.0 
Pentane *,.. 2.3 2.5 to 4.8 5.0 2.4 $4 
Benzine * 2.3 12.5 to 4.8 5.0 2.4 1.4 
Bitkower gas- 

oline.. 2.9 | 2.94to 8.0 §.2 2.9 8.1 
Natural gas 7.5 7.6 to 9.0 9.2 7.55 9.1 


* Taken from the experiments of Eitner and Bunte 


Tue TecHNICAL IMpoRTANCE OF MEANS ror ELIMINATING 
STEAM FROM THE ATMOSPHERE IN Facrorigs (Die technische 
Bedeutung von Entnebelungsanlagen, Osear Gerold. Din- 
glers polytechnisches Journal, vol. 329, no. 6, p. 86, February 
7, 1914. 445 pp., 4 figs. dg). During cold seasons in rooms 
in which a large amount of water vapor is generated, for 
example, in textile mills, dye works and paper factories, 
fog or mist is formed in the air causing annoyance and 
trouble: such a mist is formed whenever the air is super- 
saturated with water, i. e. whenever the air at the temperature 
prevailing in the room is unable to hold in purely gaseous 
suspension the water vapor generated. This is due to the 
fact that the air is able to take up at a definite temperature 
only a certain maximum amount of water vapor, and still 
remain clear and transparent; but whenever the amount of 
water vapor present exceeds that maximum for the given 
temperature, the surplus of the water appears to the eye as 
a tog or mist. In order, therefore, to prevent the formation 
of fog in the room, either of the following two ways, or 
both simultaneously, may be resorted to: viz. either tlie 
amount of the water vapor generated per unit volume of air 
present may be reduced or the temperature of the air raised. 
The latter can be done only up to a certain limit since the 
presence of workmen in the room makes it impossible to 
raise the temperature indefinitely. 

In order properly to design the apparatus for the preven- 
tion of fog formation in the rooms, one must know first 
the exact amount of vapor generated in the room and, second, 
must provide means for controlling the temperature of the 
room. As regards the formation of vapor one has to con- 
sider the following: the distinction between evaporation and 
vaporization; amount of water evaporated as determined 
from the area of the surface of the water; temperature of 
the liquid and motion of the air layer in contact with the 
water; the weight of the water evaporated per square meter 
of surface may be determined by the following formula: 
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ck (S, 

BO 
where G is the weight of the liquid evaporated per hour 
per square meter of the tree surtace in kilograms; ¢ is a con- 
stant depending upon the properties of the liquid under 
evaporation, its saturation, ete.; k is a factor which expresses 
the influence of the velocity in the layer of air in contact with 
the liquid: S, is the pressure of the steam corresponding to 


the temperature of the hquid under evaporation; S, is the 


pressure in the air above it. containing water vapor, and B 


Fic. 1 Apparatus ror Heatinc Facrory Rooms snp Eviminatina Mist 


FROM THE ATMOSPHER! 


is the barometric pressure in the room (with all the pres- 
sures expressed in units of mercury). 

After the amount of the liquid transferred into the atmos- 
phere per unit of time is determined with due respect to 
the external temperature in summer and winter, and under 
an assumption of a certain internal temperature, the amount 
of air must be sufficient to take up all the liquid evaporated 
in a manner such that there should occur no complete satura- 
tion. It is, however, important that there should be not only 
no complete saturation but that the amount of vapor in the 
air should not be even near the complete saturation point 
because not only mist in the air, but even the presence of 
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moisture closely approaching complete saturation point in- 
juriously affects the health of the workmen. If, for example, 
at a temperature of 20 deg. cent. (68 deg. fahr.) the air is 
saturated with water vapor to say 95 pereent, the human 
body can no longer evaporate moisture outward, which pro- 
duces harmful disturbances in the mechanism of exchange 
of materials in the body and causes an unpleasant feeling 
which affects the health, efficiency and attention of the work- 
men. A man can remain for many hours in a room at a 
temperature of 40 deg. cent. (104 deg. fahr.) if the air is 
dry, beeause the body is then sufficiently cooled by the 
process of perspiration, while in a room with the air satur- 
ated with steam at a temperature of 20 deg. cent. (68 deg. 
fahr.) where the evolution of sweating is absent, the men 
will very rapidly begin to experience an unpleasant sensa- 
tion. It is therefore advisable not to permit the humidity 
of the air to rise above 80 per cent of the saturation limit. 

The third magnitude which has to be taken into considera- 
tion in the design of the humidifying plant is the amount ot 
heat required to dry the air up to the point at which it can 
take up all the moisture present. This can be done in the 
usual manner, but attention must be paid to whether a special 
heating system is provided for the rooms where the humidify- 
ing processes are to be carried out and whether this system 
of heating can deliver the temperature required in the rooms 
for this purpose; or whether the heating is provided by 
means of air driven in by the apparatus used for the humidi- 
fication itself. In any case it is advisable to supply the air 
into the rooms under pressure so as to furnish the room with 
a pressure somewhat above the atmospheric, and by this 
means to prevent the flow of air into the room through win- 
dows, doors and cracks in the walls, as such an influx of air 
might affect the results. For the proper working of the 
dehumidifying plant, much depends on the design of the 
heating apparatus. Fig. A shows a type installed in a 
paper factory with which it has been possible to effect an 
extraordinary saving of space, which is of importance since 
no special room is provided for the installation of the heat- 
ing apparatus, which has to be placed flat on the wall or 
ceiling of the room. It shows a low pressure fan with the 
heating apparatus built onto it, seen in the illustration in 
the opening left uncovered for this purpose. The fan sucks 
the air in through a quarter bend from the atmosphere and 
forces it through the heating apparatus into the distributing 
piping system. The piping performs the duty of distribut- 
ing the heat uniformly in the room and, as far as possible, 
should bring it to the level of the floor as warm feet and 
cool heads are the most desirable conditions from the view 
point of efficiency and health of the workmen. The pipes 
ean usually be placed so that they would be in no one’s way, 
in the ceiling or openings of the steel frame, while the out- 
lets for the warm air must be regularly distributed so as to 
prevent the outflow of the warm air in the form of a violent 
draft which might become unpleasant. 

Fig. B shows the distribution system over a paper-making 
machine used for the manufacture of a special kind of paper. 
The warm air passes through an exhaust chamber in thin 
multiple layers due to the presence in the box of an adjust- 
able link. The air flows from under the cover and distri- 
butes itself over the entire area in a manner such that the 
warm air passes in between the cover and the water vapor and 
rises upwards owing to its specifie weight. By this means, 
the ceiling is kept warm and the water vapor is taken up to 
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where the conditions for so doing are most advantageous. 
The links are built in so that the entire movement of the air 
which takes place in the ceiling of the machine 
directed toward the air shaft and passes into an exhaust. 


room is 


Fig. C shows a view of this exhaust shaft as seen from 
the roof. In order to prevent a lateral formation of mist 
due to the presence of walls and windows, the pipes are 
provided with narrow slots which permit of the escape of the 
warm air sidewise. The heating arrangement of the dehu- 
midifving plant shown in this illustration is easily adjusted ; 
for example, the temperature in the room can be regulated 
from any desired place to practically any desired level by 
moving a simple pointer of a special thermostat. 

In the design of all such apparatus must be considered the 
heat losses due to the flow of the air through the heating 
pipes at the lowest outside temperature. These calculations 
do not, however, differ from those usually required for air 
heating installations and therefore are not reproduced here. 
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Fie. 2) PYKNOMETER FOR MEascRING THE Density oF FLUIDS 


THE OscILLATION PYKNOMETER, AN AcousTIC APPARATUS 
FOR MEASURING THE DeNsiItTy OF GASES AND Liguips (Das 
Schwingungspyknometer, ein akustischer Apparat zur 
Dichtmessung von Gasen und Fliissigkeiten, A. Kaliichne. 
Dinglers polytechnisches Journal, vol. 329, no. 6, p. 81, Feb- 
ruary 7, 1914. 3 pp., 2 figs. d.). In various branches of 
engineering, there is need of an apparatus for making 
rapid determinations of the density of gases and liquids. 
While this is not so difficult for liquids, in the case of gases 
where the densities are very slight, while the technical pro- 
cesses often require a great precision of measurements, the 
problem is a rather complicated one. It is for this reason 
that the apparatus described in the present article deserves 
particular attention. The inventor of the apparatus calls 
it an oscillation pyknometer and it is really an acoustic 
apparatus for measuring the density of gases and liquids. 
It appears to be particularly convenient for measuring den- 
sities of gases in small enclosed spaces, such as glass vessels, 
gasometers, cylinders of gas engines, etc., and has the further 
advantage of permitting the reading of indications at a dis- 
tance by means of an electromagnetic transmitter. 


It may also be used for measuring high densities of gases 
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at high pressures, in which case, however, it has to be de- 
signed in a somewhat different manner. This process is 
based on the fact that when a solid body moves in a fluid, 
whether gas or liquid, it carries with it particles of that 
fluid and thereby suffers a certain apparent increase in mass. 
If the motion of the body is of an oscillatory character, the 
apparent increase of its mass may be observed from the 
change of its natural period of vibration, the frequency of 
the oscillation of the body increasing in a certain proportion 
to the increase of density of the medium in which the oscil- 
lation oceurs. In the present process, the elastic body which 
pertorms the oscillatory motions is of the nature of a sound- 
ing element, such as a string; it is immersed in the medium 
under investigation, and the variation of its natural period 
of vibration as compared with its natural period of vibration 
when not under the influence of the given medium (when 
in a vacuum or in a normal medium) is measured, and from 
the variation of the frequency, the density of the fluid is im- 
mediately obtained if the apparatus has been properly and 
empirically calibrated from observations made on mediums 
of known densities. 

If the variations in the frequency are small as compared 
with the natural frequency itself, and amount to a few oscil- 
lations per second with a natural period of vibrations of 
several hundred oscillations per second, then the variations 
are proportional to the corresponding differences in density, 
which makes the calibration of the apparatus and the read- 
ing of the densities a simple matter. This applies, for 
example, to the case when gas densities are measured in the 
neighborhood of atmospheric pressure or at pressures not 
greatly varying from it. In order to measure gas densities 
by this process, the sounding element must be very light and 
possess a large surface so that the gas mass carried away 
by it be as large as possible. In the apparatus as constructed 
by the inventor it is made of aluminum and has the shape 
of a pipe with thin walls surrounded by gases inside and 
out, forming transversal oscillations similar to those of a bar 
rigidly held at two points. Glass which has a specific weight 
somewhat below that of aluminum is also suitable, while 
instead of a tube-shaped body, a plate or bell-shaped body 
may be also used. 

The article describes in detail the construction of the ap- 
paratus as well as the devices for measuring the natural 
periods of oscillation, an important element in the present 
case, 

These are shown in Figs. A and B: a is the sounding ele- 
ment, a hollow cylinder which vibrates in its fundamental 
tone, like a eylindrical bar with free ends. To make this 
possible, the tube is supported by two pairs of pointed 
serews dd at the two knots of motion, the screws being sup- 
ported in ring-shaped holders bb, movable along a support- 
ing bar c, so that they may be located at just the right knots 
of motion. The bar ¢ carries also the apparatus used for the 
excitation of oscillation and for the measurement of the fre- 
queney, both of which may be done in several ways, either by 
exciting vibrations mechanically and comparing them acous- 
tically with known products of normal sounding bodies, such 
as a tuning fork, or with a frequency meter, e. g. the Frahm 
frequeney meter with oscillating pipes, or the sounding ele- 
ment may be excited to resonant oscillations by a periodically 
acting body having similar or perfectly equal oscillations of 
known frequency. When the exciting frequency and the 
natural period of oscillations of the sounding body are 
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equal, the largest frequency (resonance) takes place so that 
from the resonant curve may be derived also the value of 
the natural period of oscillations. The first form of measure- 
ments is shown in Fig. A with the striking hammer omitted, 
the second system in Fig. B; the transmission of oseillatiou 
of the measuring devices in both cases and the excitation 
of the sounding body in the second case are effected electro- 
magnetically on the telephone principle, the sounding body 
carrying at the point of maximum amplitude, one (Fig. A) 
and two (Fig. B) iron pieces e and e.. closely opposite to 
which are located the telephone magnets m and m, fixed 
independently of the sounding body. In Fig. B, the coils of 
the exciting magnets m are energized by alternating current 
produced by the tuning fork w with a coil and iren core 
between its prongs. 

This tuning fork must be of the type which permits regu- 
lation of the tune, such as the Koenig or Neesen type, but 
of course any other source of alternating current may be 
used if its frequency can be maintained suiliciently constant 
and measured with adequate precision, this being of great 
importance in the present case. The vibrations of the sound- 
ing element produce in the coils of the magnet in the measur- 
ing cireuit m in Fig. A and m, in Fig. B an alternating eur- 
rent of the frequency of the oscillating sounding body which 
may be measured either directly by including in the cireuit 
a proper device, such as the telephone ¢ and frequency meter 
f, but more conveniently by determining the amperage ot the 
alternating current generated and the excitation frequency 
which gives that maximum amperage obtained (Fig. B) by 
means of a string galvanometer s the current being rectified 
at g where a erystal rectifier similar to a erystal detector 
used in wireless telegraphy may be inserted. 

The precision of measurements and of the oscillation pyk- 
nometer depends in the first instance on the ratie of the mass 
of the sounding body to that of the gas and liquid carried 
away by it, and in the second place on the sensitiveness of 
the auxiliary apparatus, oscillation exeiters and frequency 
meters, and so far it has not been possible to establish the 
exact limits for the precision of the apparatus, the relative 
sensitivity of the apparatus being apparently greater tor 
denser gases than for lighter ones, but the sensitivity of the 
apparatus may be materially increased by using a lighter 
oscillation element. The difficulties of construction are much 
less when denser fluids, such as compressed gases or liquids, 
have to be measured. 


Heating 

UtivizaTion OF Exuaust Heat rrom Gas E GINES FOR 
THR HATING OF BUILDINGS (Abwdrmeverwertung von Gas- 
maschinen fiir Fernheizung, Stahl und Eisen, vol. 34, no. 8, 
p. 318, February 19, 1914. 3 pp., 3 figs. d). In the plant 
of the Adolf Emil Works, the administration office building, 
the employees’ club and the houses where the employees live 
are heated throughout by water, which is heated by the ex- 
haust gases from the large gas engines. 

In addition to the above-mentioned buildings, the gas cen- 
tral station and automobile garages are fed by heat from 
the same station, and several other smaller plants, as indi- 
cated in Fig. 3 A. The largest heat consumption per hour of 
all these buildings, at outside temperature of—20 deg. cent. 
(4 deg. falir.), is approximately 314 millions WE (12,- 
870,000 B.t.u.) for the delivery of which in the gas central 
station four preheaters are provided with an hourly output 
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of 800,000 to 1,000,000 WE (3,168,000 to 3,960,000 B.t.u.), 
each heated by the exhaust gases of the large gas engines. 
These preheaters are designed as tubular boilers with 
rolled-in tubes and cast-iron jackets, the water playing 
around the tubes while the gases pass through the tubes. 
To produce an eddy motion in the exhaust gases and so raise 
the amount of heat which they give up, sheets, with spiral 
windings, are built-in in the tubes. The most important 
property of hot water heating, the common heat regulation, 


is secured by a corresponding regulation of the temperature 


vy 
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thermometers measuring room temperatures, have a common 
indieating apparatus where a switching device for cutting-in 
any separate thermometer is provided. Safety valves are 
provided to insure the preheater against explosions which 
might take place owing to carelessly closed valves or failure 
of the pumps. The circulation of hot water in the system 
is taken care of by a centrifugal pump direct connected to 
a direct-current electric motor. A second pump serves as 
a reserve. The entire arrangement of the pumps and pre- 


heating boilers, as well as the general seheme of the electrie 


a Director's House; 6 Dwelling Houses of the Engineers; c Administration 
Building; d Employees’ Casino; e Supplementary Administration Building: 
f Gas Central Station; g Eastern Section of the Employees’ Colony; h Western 
Section of Employees’ Colony; ¢ Hall; k Automobile Garages; | Extension of the 


Gas Central Station. 


UPPER PART 
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of the heating gases in large gas engines. Cold water is in- 
jected into the exhaust gases in the usual manner shortly 
hefore their exit from the cylinder, and the amount of this 
injection is regulated. The temperature of the mixture of 
steam and gas may therefore be regulated to any desired 
amount from 100 to 600 deg. cent. (212 to 11t2 deg. fahr.). 

To determine the temperature in the exhaust in front of 
the preheaters, electric distance thermometers are installed, 
connected with similar thermometers showing the tempera- 
ture of the hot water and various room temperatures in the 
colony of buildings served by the plant. In addition to that, 
the distance thermometers are connected with an alarm de- 
vice in such a manner that if the temperature of the hot 
water exceeds a certain amount, the device lights up a spe- 
cial little lamp and rings a signal bell. This device is inde- 
pendently installed for each preheater, but ‘all the distance 


connections is indicated in Fig. B. The pumps and pre 
heaters are installed in the basement of the gas central sta- 
tion, but the gate valves and starting devices may be actu- 
ated trom the machine room on the next floor. As the 
various buildings are operated in series, one after another, 
the starters are designed in a manner such that they regulate 
the speed of rotation so as to regulate also the flow of water 
to the desired dynamic pressure of the pumps on the basis 
of the indications of the hydrometer, since in large plants 
a direct regulation by pressure cut-off valve or shunt piping 
with an adjustable slide valve is difficult to design and ean- 
not be operated without considerable power losses. The 
amount of water can be easily determined from the readings 
of the ammeter, voltmeter and hydrometer when the effi- 
cieney curves of the motor and pump are known. 

As shown in Fig. B, the hot water is driven by the pump 
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through the preheater, and, atter being preheated, goes into 
the main pipe from whieh the pipe tor heating the gas cen- 
tral station branches off. Further, as shown in Fig. A, the 
main pipe leads to a branch pipe of 850 mm. free diameter 
(34 in.), in which are also loeated the electric cables for 
light and power transmission as well as the distant ther- 
mometer wires, all of these being placed in cast-iron con- 
duits. On the pipe corners as well as at every 20 m. to 25 m, 
(say 65 1t. to 98 ft.) are placed inspection shafts and man- 
holes. The main piping, branch piping and distributing 
piping are everywhere autogenously welded, which was found 
to be very convenient when the welds are made in a work- 


manlike manner. All the distant piping rests on ball bear- 


Fic. 4 Hypraviic Arr Compressor PLANT 


ings which admit a displacement of 90 mm. (36 in.) for pipe 
expansion. The compensating displacement of the bearings 
are dimensioned accordingly. As shown in Fig. C, the ball 
bearings setting consists of a crown plate, three balls kept 
in position in a movable plate with three holes, and an in- 
termediate plate with the uniform transmission of pressure 
on one hand to the bearings, and on the other hand to the 
upper part of the setting. As the initial designer of the 
plant had to consider the possible trouble in the operation 
of preheaters, exhaust gas piping, ete., as a reserve for pre- 
venting disturbances in the operation of the heating system, 
in the casino, ten cast-iron sectional boilers with a total 
heating surface of 356 qm. (3831 sq. ft.) have been installed 
where there is also a reserve pump for water circulation. 


REVIEW 


The article gives some further details of the installation, but 
does not contain any information as to costs or elliciency 
nor does it refer to any tests of the plant. 


Hydraulics 


NOVELTIES IN HypratLic Compressor Design (.Veuerur- 
gen an Hydrokompressoren, Heirich. Dinglers polytect- 
niscles Journal, vol. 329, no. 7, p. 100, February 14, 1914. 2 
pp.. L fig. d). The article gives some rather incomplete data 
on a hydrocompressor installed in a German mine. Fig. 4 
shows the general construction of this compressor which was 
built about four vears ago and tested in 1910 when the data 
given. in Table 2 were obtained. This table shows among 
other things that the determination of the useful effeets ot 
the compressor in accordance with the adiabatic formula has 
no sense and leads to results materially more favorable than 
those actually obtained. 

The hydrocompressor compresses the air not adiabatically, 
like the mechanical compressor, but isothermally, as is proved 
by thermometric measurements. The suction apparatus 
takes in the air in the form of jets enclosed by streams of 
water and thoroughly mixes it with the water so that it is 
finally in the form of numberless bubbles surrounded by 
water which produces perfect cooling. Owing to this fact, 


TABLE 2 DATA OF TESTS OF A HYDRAULIC AIR COMPRESSOR 


Heap 117 m (say 384 FTr.); AIR COMPRESSION 6.2 ATMOSPHERES GAGE 


Quantity Quantity Compression Output Efficiency 


Wate 
of Water, of Air, 
Power, 
Liters Hy Liters 
per Sec. per Sec. Isothermal Adiabatic Isothermal Adiabatic 
18.0 28.4 7.2 25 6 0 66 0 90 
30.5 47.6 8 28.5 385 0 60 0 81 
32.2 50.2 11.2 29.5 40.0 0.59 0 80 
35.7 55.6 11.4 29.9 10.4 0 54 0.73 


the power required to effect this perfect isothermal compres- 
sion is considerably less than when the compression takes 
place adiabatically, i. e., with the simultaneous heating of 
the air. The compressor shown in the drawing was inves- 
tigated last June by some engineers who have found a num- 
ber of defects in the construction of the air suction apparatus 
and separator. The required alterations in both are said to 
have been made and the efficiency materially improved 
thereby. The article does not fully state, however, what 
alterations have been made or how. 

In order to be able to measure the air sucked in by means 
of an anemometer on the suction head of the apparatus, an 
air-tight sheet-iron funnel has been built in with an upper 
cylindrical section with a diameter of 250 mm. (say 10 in.). 

The water is measured by filling the outlet tank, and cal- 
culation has shown volumetric efficiency of 90 per cent. In 
order to improve the separation of the air, under the air 
separator a second one has been built in, correspondingly 
prolonging the ascending pipe and adjusting the air separa- 
tion in a manner such that the compressor works constantly 
with the pressure of 6.5 atmospheres gage. For this pur- 
pose, in the air outlet pipe behind the air separator, a throt- 
tling valve has been built in, arranged in such a manner that 
the controlling manometer in front of this valve shows a 
constant air pressure of 6.5 atmospheres. To the throttle 
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valve was connected an outlet air pipe tor measuring the 
outgoing air; numerous measurements show that the out 
going volume of air is about 90 per cent of the incoming 
air as measured at the head of the suction system, 10 per 
cent having evidently been lost through joints which were 
not air tight. The output efliciency, or the ratio of the ai 
delivered to that actually taken in by suction is there 
fore 90 per cent and the mechanical eflimency, 1. e. the 
ratio of the actually useful output to the theoretical wate: 
output is 0.90 X 0.90 Sl per cent. For controlling th: 
anemometer ineasurements, a measurement by means of a eal 
brated tank has been made, for which the air collector o 
350 mm (14 in.) diameter and 95 mm (3.8 in.) long served 
as a calibrating tank. This measurement has shown a smal] 
difference of 0.04 chm min. as against the anemometri 
measurement, which may be ascribed to lack of air-tight co 
nection in the air collector with its 32 pipes. Tests have 


shown however that by means of autogenous welding, abso 
lutely air-tight joints in the collector may be obtained, in 
which case the eflicieney of the compressor would be raised 


to 90 per cent. 


Internal-Combustion Engineering 

GOVERNING THE Water INseorion is Hor Bute 
(Requlerung der Wassereimspritzung bei Glihkopfmotoren, 
A. Dussmann. Der Motorwagen, vol. 17, no. 5, p. 93, Febru- 
ary 20, 1914. 3 pp., 4 figs. dp). In erude oil engines with 
hot bulb ignition, when run at high duty, some arrangement 
must be made for maintaining the hot bulb at a constant tem- 
perature. At low loads, water injection, which is the usual 
means of regulating the temperature, is not necessary, but 
has to be used when running at high load. This involves very 
undesirable complications, not so much because the water 
attacks the evlinder walis as because it is difficult to regu 
late the water injection, especially in the ease of small units 
or units used in farm machinery, where an experienced engi 
neer is not available, and, as a matter of fact, even an ex- 
perienced operator has not always been able to regulate the 
injection in an absolutely proper manner. 

A device which would make this adjustment automatic. if 
sufficiently reliable and cheap, would materially extend the 
use of this type of prime movers. The author deseribes sev- 
eral methods proposed to solve this problem; the simplest 
way would be to combine a fuel pump with the water pump 
and thus regulate the injection (Fig. A). Both pump 
plungers are driven from a common cam. The lever «a 
actuates the suction valves of both pumps in such a manner 
that at the suction stroke they are lifted and at pressure 
stroke closed by springs. The regulator, driven by helical 
wheels. displaces the fulerums of the lever b in such a way 
that the suction valve, in accordance with the load on the 
engine, may remain open for a shorter or longer time during 
the pressure stroke, so that the liquid which has not been 
used may flow back into the suction space. By means of this 
construction it is possible to govern, by one governor, both 
the fuel and water injection. The author claims to have 
made extensive experiments with such a pump arrangement 
and to have established the fact that this system of govern- 
ment is of only small use and does not eliminate in the least 
the necessity of regulation by hand. For various loads, the 
quantity of water to be injected is not in constant ratio to 
the quantity of fuel and therefore the water pump and fuel 
pump must be governed by two independent governors; such 
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an arrangement would make a small unit far too expensive. 


Another solution lies in the utilization of temperature 
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Fic. 5 Various Systems or Governinc Water Injection 1x Hor Bucs 
ENGINES 


exchange of the hot bulb itself. Theoretically this appears 
to be correct, since all that the water injection has to do 
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is to regulate the temperature of the bulb. Fig. B shows 
how this is done. A ring a expands when the bulb becomes 
too hot, and through its expansion raises the stem of the 
needle valve and thereby increases the cross-section of the 
water passage. There are also used pendulum governors 
especially adaptable in this case because the hot bulb engine 
does not require great precision of operation. When such a 
governor is used, the fuel admission is governed on the hit- 
or-miss principle. During the idle stroke the water injection 
is not required, since no combustion takes place, and there 
can be no rise in temperature of the bulb; the elimination 
of the water injection during the idle stroke is seeured by 
connecting the water inlet valve with the pump plunger. 
Fig. C shows a very simple embodiment of this principle. 
The fuel pump is located in the neighborhood of the injee- 
tion nozzle in order that the injection should oeeur with pre- 
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cision. Long piping leads to an after-burning of the charge 
due to the expansion of the pipe walls during the pressure 
stroke and their contraction after the end of the stroke. If 
it is desired to drive the fuel pump in a simple manner, this 
may be achieved only by using a long lever which must be 
of generous dimensions in order to prevent the rise of spring 
action. In ealeulating the dimensions of the lever, the 
plunger must be assumed to work at about 100 atmospheres. 
The fulerum of the lever as shown in Fig. C may be secured 
in the simplest way by means of an arm fixed on the gear 
bearing. The lever a is driven from the plunger by means 
of a connecting rod, raises at an ignition the valve b and 
makes water injection possible. If, at the higher speed, the 
knife is so accelerated by the rise of c that it no longer comes 
in contact with the knife of the plunger, the stroke remains 
idle and the valve b is not opened. Above the valve is located 
an adjusting serew which permits of the adjustment of the 
stroke. The author tested this construction on a 4 and 15 
h.p. engine and found that it works very well. Regulation 
by hand was no longer necessary, either when the load was 
taken off the brake entirely or the brake loaded to maximum. 
The only disadvantage of this system is the noise produced. 

If larger machines are used, in which more exact gov- 
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erning is required, the system of the erude oil engine must 
be changed and in place of the low pressure engine, a middle 
pressure engine has to be used. The compression pressure 
must be raised to 18 to 20 atmospheres, and the fuel similar 
to the practice in Diesel engines, must be injected only a 
little while before the dead point. The hot bulb cannot then 
be installed in the usual manner, since at high pressure it 
would easily break; it has to be provided with openings as 
shown in Fig. D, so that the walls of the hot bulb should 
no longer be subjected to pressure, nor affected by unequal 
expansion. 

Such an engine does not require water injection at all, 
and no preignition can occur in it since the fuel is admitted 
to the combustion chamber only when the explosion is apt 
to take place. The combustion process in such an engine is, 
however, entirely dissimilar to that of the usual hot bulb 
engine, and while in the latter the desired gasification of the 
fuel is etlected by the presence of the glowing bulb, in the 
middle pressure engine it approaches more nearly that of 
the Diesel engine, with the combustion taking place on the 
introduction of a finely divided fuel. 


THe New 25-30 H.P. Devaunay-BeLLevitte Car (La 
nouvelle 25-30 chevaur Delaunay-Belle ville, Pepinster. 
Omnia, vol. 9, nos. 425-428, February 21, 1914. 4 pp., 6 
figs. dl). 

The carbureter in the new 25 to 30-lip. Delauney-Belle- 
ville car is of unusual construction and dimensions. While 
in the standard types of car the carbureters are becoming 
smaller and smaller, the new Delauney-Belleville carbureter 
is large (larger than all its predecessors). This is due to 
the facet that the standard carbureter is expected to adapt 
itself to all kinds of engines by means of some adjustment 
which varies for each individual case. It must therefore 
satisfactorily meet such requirements as are common to all 
kinds of engines and the number of such requirements is 
naturally smaller than that of a single tvpe of engine. On 
the other hand, the Delauney-Belleville carbureter is made 
to work with the Delauney-Belleville engine only, but has to 
satisfy all the conditions presented by this engine. It is 
therefore both more complicated and more voluminous than 
the standard ecarbureter, but provides an incomparably 
greater collaboration between the engine and the carbureter. 
The principle of its construction is as follows: 

A normal-run spraying nozzle creates a rich mixture which 
the supplementary air adjusts more or less in accordance 
with the more or less energetie suction of the engine. The 
slow-down spraying nozzle, which is merely ¢n auvriliary 
carbureter, feeds the engine at low speed. The engine is a 
six cylinder and the normal speed carbureter is made in two 
units, each unit taking care of three cylinders and having 
its normal speed spraying nozzles and diffusors independent 
for each group. On the contrary, the auxiliary carbureter, 
as well as the supplementary air valve, are common to both 
groups, and with one-sixth of the heat generating cireula- 
tion around the diffusors, the slow-down carbureter and the 
supplementary air piping, one can easily see why this ap- 
paratus works in about the same manner as a small gas fac- 

tory. The supplementary air reaches the spraying nozzle 
by two tubes which pass through the jacket of the engine 
and collect air preheated by convection around the ex- 
haust gas manifold. The carbureter is not therefore in dan- 
ger of troubles due to lack of preheating, while on the other 
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hand, precautions have been taken to prevent excess of pre- 
heating. To do this it is necessary only to open the lateral 
seams and close the spraying nozzle chambers, after which 
air is taken directly trom the atmosphere. 

The installation and regulation of the new carbureter is 
both simple and suceessiul. The slow down is regulated by 
a large knurled button concentrical to the auxiliary ear- 
bureter. As to the two normal-speed spraying nozzles, they 
are twin connected by means of a very original device. The 
two nozzles are simply placed on their seats and maintained 
in place by a little oscillating finger. When this finger 
presses on the common seat ot the spraying nozzle they be 
come stationary, but when the finger lifts, they ean both be 
moved simultaneously. The elticiency of this carbureter is 
excellent owing to the simple paths of the gas and to the 
division between the two vroups ol cylinders. The suetion 
of the motor is net opposed by any counteracting partial 
vacuum and ean be fed with the same facility at high speeds 
as al low speeds. In addition, the supplementary air enters 
the piping immediately behind the narrow zone of the dif 
fusor cones, Le. Way in front of the valves, which arrange 
ment is claimed to ensure the absolute homogeneity of the 
mixture. The car possesses several other interesting details 
such as a new type of gear drive, which cannot, however, be 


deseribed here to lack ot space, 


Dr-Fonraint Revouvinge Grare Gas Propucer ( Drehrost- 
generator System de Fontaine, Gwosdz, Zeits. fiir Dampf- 
kessel und Maschinenbetrieb, vol. 37, no. 7. ). 78, February 
15, 1914. 1 p.. 2 figs. d). The technical and commercial 
success of the Kerpely rotary grate gas producer brought 
about a number of designs tending to improve or displace 
that type. In the one produced by de Fontaine & Co. in 
Hanover, the gas producer itself (Fie. 7) consists of a 
round shaft made of fire proof brick and jacketed with 
wrought-iron sheets. On top it has a charging device oper- 
ated either mechanically or by hand; at the bottom, a grate, 
centrally rotatable, consisting of a cast-iron ash seal with 
the grate structure in the middle. The ash seal is filled with 
water in the usual manner so as to seal the inner part of the 
shatt away trom the atmosphere. It has a worm thread on 
its inner surface placed spirally in stages, ending in blade- 
shaped surtaces, backwards, in the direction of rotation. 

The most peculiar part of the construction is the central 
grate structure provided with worm-gear shaped stages and 
jaws. On the surtaces which distinguish the jaws and form 
the front surface of each jaw stage are located the outlet 
openings for the blast. The worm-thread grate, with its 
stages, gradually lifts and lowers the fuel column and there- 
by prevents the formation of cavities and suspended slag in 
the zone of gasification. Further, the jaws break up the 
slag which might accumulate between the grate and the bot- 
tom of the shaft, which is helped also through the bearing 
ring of the producer jacket being also provided with worm 
thread opposite to those of the grate elements. The worm 
thread of the bearing ring and of the grate elements there- 
fore form a sort of conveving device for the slag. 

An important element for the uniform operation of a 
rotary grate gas producer is to hold open constantly the out- 
let openings for the blast. In older constructions this was 
done by fitting these openings with special covers, but this 
had the disadvantage of permitting the flow of air down- 
wards only on account of which only a comparatively small 
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vrate area and high blast pressure could be used. Since 
in the present gas producer, the blast openings are located 
in the undereut front surfaces of the jaws, a very advan- 
tageous grate area is obtained, while the blast can be directed 
upwards without any danger of the outlet openings being 
clogged up; since the grate moves in a direction opposite to 
that of the blast slots, the slots are at all times kept free 
from ashes and slag which might be deposited over them. 
A further important advantage of this design is that the 
blast openings are distributed over the entire shaft cross- 


section with extreme uniformity. 


De-Fontarxne Revorvine Grate Gas Propreer 


Shop Processes 

PROGRESS IN THE PropucTion aNp Testixe or Cast Irox 
(Fortschritte in der Herstellung und Priifuny von Gusseisen, 
Schulz. Verhandlungen des Vereines zur Be forderung des 
Gewerbefleisses, no. 1, January 1914, p. 53. 12 pp., 2 figs. 
gp). The paper discusses the above question from many 
points of view, such as the effort to conduct furnace opera- 
tions in a more rational and scientifie manner, special con- 
struction for the improvement of the quality of the castings, 
addition of auxiliary materials, reduction of defects in cast- 
ings and creation of new testing methods for use in econnee- 
tion with east iron, and standardization of specifications. 

A scientifie system of furnace operation may be pro- 
moted by (a) the establishment of definite rules for the 
classification of various grades of east iron; (b) by constant 
control of auxiliary materials with respect to their quality 
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and weight; (c) by the installation of special laboratories, 
ete. The author points out how, within the last few years, 
in most of these respects, great progress has been achieved. 
With respect to coke, the main requirements are high heat- 
ing values, which may be obtained with a minimum carbon 
content of 85 per cent. low oxygen content not exceeding 
8 to 10 per cent and low sulphur not in excess of 0.8 per 
cent. The limestone must contain low silicic acid (below 3 
per cent) and as low sulphur as possible (below 2 per cent) 
and must be in small pieces. ‘The importance of using only 
the correct weights of these materials has been realized to 
such an extent that a German concern in Darmstadt has, for 
example, a special weighing arrangement with a locking de- 
vice, the key of which is kept by the foreman for the pur- 
pose of making it impossible for the men to vary the pro- 
portion of additions. 

To improve the quality of the castings, special eupolas 
have been built, such as the cupola for tempered castings, 
which, through a special arrangement of blast admission and 
construction of the tuyeres, permits of a certain superheat- 
ing of the material in the cupola. By means of four powerful 
spindles the hearth of the cupola can be removed and grad- 
ually lowered or raised; the blast is admitted through a 
lower primary and an upper scecondary row of tuyeres. The 
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blast is admitted into the lower main chamber and 
trom there is introduced into the upper chamber by means 
of two one-eighth bends which may be cut off by dampers. 
The upper tuyeres are smaller than the lower ones and are 
arranged in staggered fashion with respect to the lower 
ones. The former is mainly to force the blast which was 
led in through the lower tuyeres more toward the inside of 
the shaft and produce a more extensive action of the oxygen 
content in the blast on the fuel. Fig. 2 shows such a type 
of cupola only tilted. 

In order to improve the quality of cast iron used for 
special purposes, certain auxiliary materials have been added 
to it, giving sometimes quite favorable results. Many such 
materials may be used, but the following are the most im- 
portant: 

Charcoal Pig Iron. The addition of charcoal pig iron is 
of particular importance for the production of chilled rolls, 
armor plate and so on, since it gives to the casting a density 
and strength of structure and a very hard, smooth and 
nonporous surface. Osann published a table showing the 
chemical composition of such chilled castings where the very 
low silicon (0.5 to 0.7 per cent) and manganese (0.4 to 1 
per cent) used attract particular attention. The addition 
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of steel shavings tends to reduce the silicon and carbon eon- 
tents and to produce thereby a fine-grained, strong texture, 
but such additions require a longer time and higher tempera- 
ture for melting, in view of which facts they are often intro- 
duced into the cupola together with the coke charge. From 
the Diller tests of additions of steel and ferro-silicon, it 
appears that an addition ot 12% per cent of steel increases 
the strength by 25 per cent and a 25 per cent addition in- 
creased the strength of the casting 50 per cent; but a higher 
increase of strength with greater additions of steel could 
not be observed. The Borsig Co., of Tegel (near Berlin), 
has lately introduced the addition of iron briquettes with 
a large number of cavities; these briquettes are produced 
without any binder, and melt, therefore, much easier than 
ordinary steel shavings. Such briquettes, whether produced 
without further additions or with the use of lime water, 
reduce the carbon and raise the silicon waste as well as the 
ability of the iron to take up sulphur, but leave the man- 
ganese contents unaffected; the castings produced with the 
addition of briquettes show a finer grained fracture, are 
much less subject to hardening than the ordinary cast iron, 
are easily machined and appear to be very strong. 

Additions of Titanium and Thermit. These additions have 
been made either in the form of titanium alloys such as ferro- 
titanium or as thermit-titanium. 
titanium have been produced dense, free trom porosity cast- 
ings showing a higher resistance against shocks, higher 
strength, and better ability to be machined and _ polished 
than ordinary castings. On the other side, however, Treu- 
heit has found from careful tests that titanium alloys only 
partly with cast iron, and that although it is a very good 
deoxidizer, aluminum is better suited for this purpose. 

The investigated by Goldschmidt is 
claimed to produce a casting free from porosity and of good 
quality. As the thermit packed in cartridges must be im- 
mersed by means of an iron rod under the surface of the 
metal bath, which produces a violent boiling of the bath, 
this process is somewhat complicated and not entirely exempt 
from danger. The Titanium Company of Dresden claims, 
however, to have obtained by this means a material increase 
in the strength of casting at a cost of the addition of 0.25 


By the addition of ferro- 


thermit titanium 


per cent of titanium. 

The addition of vanadium also has a deoxidizing effect, 
and, aecording to tests of several investigators, increases the 
strength of the material, at the cost, however, of elongation. 
Hatfield shows that vanadium prevents the separatjon of car- 
bon as graphite and raises the stability of the carbides. 
While in America, additions of vanadium up to 0.1 per cent 
have proved to be of advantage for locomotive cylinders, its 
use in the foundries in Germany, on account of the high cost 
Ferro-silicon is probably most 
It improves the me- 


of vanadium, is only limited. 
widely used as an auxiliary material. 
chanical properties of the casting and favorably affects the 
separation of graphite. Tests made by Outerbridge and 
Westhoff have shown that ferro-silicon when added in the 
ladles may be used to produce trom the same heat various 
grades of castings, while recent tests by Lissler have shown 
that a large amount of ferro-silicon helps to produce castings 
unaffected by acids to such an extent that they may con- 
tain any kind of acid, including hydrofluoric. 

The disadvantages of the addition of ferro-silicon lie in 
the fact that the castings, after pouring, undergo a strong 
contraction and are therefore brittle. The addition of alumi- 
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num does not entirely eliminate this disadvantage. Besides 
this, ferro-silicon when subjected to the influence of humidity 
is decomposed and may cause dangerous explosions or poison- 
ing. This may be obviated by covering the ferro-silicon with 
paratlin and, above all, in taking care that the ladles and 
vessels are perfectly dry and well preheated. Piping may 
be avoided by making the risers or cropheads so large as 
to take up the entire liquid part of the iron in which the 
pipe may torm. Thus, Messerschmidt quotes minimum 
values for risers used in casting steam cylinders. The forma- 
tion of pipe also may be kept down by the use of iron low 
in phosphorus (0.1 per cent). 

As regards the production of internal stresses in eastings, 
the author recommends the usual care in avoiding sudden 
contractions of area, and in addition states that they may 
be minimized by reducing the manganese and sulphur, as 
shown by the tests of Keep and West. Porter shows fur- 
ther that the formation of blow holes is invariably increased 
by the use of cast iron in which there are combinations of 
sulphur with a varying percentage of oxygen. Therefore 
only iron, made of easily reduced ores and produced in a 
furnace at a not too rapid rate and with a sufficient amount 
of fuel, should be used. 

As regards new methods of testing, the author calls at- 
tention to the fact have 
affect the 
It has been shown, for example, that 


that a number of investigators 


lately thoroughly studied the conditions which 
taking of samples. 
the results of carbon contents determinations are materially 
affected by the fact of whether the shavings taken are thick 
or thin. The sulphur contents determinations are affected by 
the sample being taken from the upper or lower part of 
the casting, the upper part generally being richer in sulphur. 
The silicon determinations depend upon whether the sample 
is taken from the central part of the casting or from its 
periphery, since, as has been shown by Martens on steel 
tests, the silicon content at the rim is much greater than 
that 
and manganese; the phosphorus content varies during pour- 
The properties 
of the easting are also affected by the rate of cooling and 


at the hub. The same is also true for phosphorus 


ing, which easily produces segregation. 


thickness of the piece, since the graphite contents are lower 
in pleces of small cross-sections. 

As regards the methods of making rapid analyses, the sys- 
tem used in the Krupp laboratories deserves particular men- 
tion, since there, in 1909 and 1910, they made 1500 or more 
daily analyses. Special methods have been worked out to 
wake rapid and suiticiently reliable determinations of car- 
The 


author indicates briefly the processes used for the determina- 


bon, silicon, manganese, phosphorus and sulphur. 


tion of these materials by various chemists. 


INVESTIGATION OF AUTOGENOUS PROCESSES OF CUTTING 
MeETALs (Untersuchungen iiber autogene Schneidverfalren, 
R. Plinienger. Zeits. fiir komprimierte und fliissige Gase, 
vol. 16, no. 1, p. 6, January 1914. Serial article, not finished. 
eA). While the process of eutting metals by a mixture of 
oxygen and air or acetylene is no longer new, the details 
of the process have not as yet been fully established. The 
author, in his tests executed in the laboratory of the chem- 
ical factory ot Griesheim Elektron, May to August 1912, 
determined to investigate the following points: 

a The influences of the various percentages of oxygen on 
the speed of cutting and oxygen consumption 
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b The constitution of the chips produced with various 
materials and the determination of the 
amount of oxygen consumption 


theoretical 


c Investigation of the influence of temperature of oxygen, 
the material cut and determination of temperature in 
the cut, by means of a Wanner pyrometer 

d Investigation of the surfaces of cutting with relation to 
their aspects and the possibility of their application in 
engineering 

e Investigation of the metallographic variations produced 
in the metal 

For the tests, sheets SM-1, of uniform quality and carbon 
content of 0.12 per cent and of the following dimensions: 

(1) d = 20 mm.—0.8 in. 

(2) d = 40 mm.—1.6 in. 

(3) d = 60 mm.—2.4 in. 


were used, and in addition, a sheet of nickel steel was in- 


size 1 m. x 2 m. (3.28 ft. x 6.56 ft.) 


vestigated with a content of nickel of 22.25 per cent and 


10 mm. (1.6 in.) thick. The length of cut in all cases was 


Fic. 9 DiaGram ror DETERMINING THE OXYGEN CONTENT (PERCENTAGE) IN 


4 Borrte Contarninc a Mixture or OxyYGEN AND AIR 


900 mm. (say 20 in.) and the width of the strips cut off 
was always 25 mm. or 1 in. 

In this test oxygen was used, which was obtained from 
liquid air by means of rectification, while its contents was 
established in one of the following two ways: Generally air 
Was pumped in the compressor house into a bottle, which 
was then filled up with oxygen to a pressure of 150 atmos- 
pheres, respective amounts of air and oxygen being deter- 
mined approximately from the chart as shown in Fig. 1, in 
whieh the abscissae indicate the desired percentages of OXxy- 
gen while on the ordinates are plotted the necessary amounts 
of air in atmospheres. 

This method, however, gave only approximate values, and 
when the percentage of oxygen was desired to be known 
exactly, air and oxygen were allowed to flow through two 
different bottles (the air at a pressure of 170 atmospheres ), 
the flow continuing until the mixture was brought up to the 
desired percentage. Sometimes, however, to obtain the de- 
sired contents of oxygen, as many as 30 analyses were re- 
quired. These analyses were made with special testing 
glasses calibrated on the Bunte burette with pyrogallol 
as the absorption liquid. To obtain the greatest possible 
uniformity of the tests, the same operator was employed to 
make all the cuttings, thus eliminating so far as possible the 
influence of the personal peculiarities of the operator. He 
was connected with the autogenous cutting of metals almost 
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from the inception of this process, and it had been observed 
that with the same consumption of oxygen, he had obtained 
an approximately uniform speed of eutting. The author 
gives several photographs of pieces cut at various speeds. 
Fig. 2 shows a mixture where 98.5 per cent of oxygen was 
used. 

It the speed of cutting is too slow the oxygen jet eats 
into the metal; if too great, the cut is apt to be interrupted. 
The various speeds of cutting can be easily recognized from 
the appearance of the edges of the cut, so that after a cer- 
tain amount of experience one can easily determine at 
which speed the cut was made. With the oxygen content 
less than 85 per cent. it was not always possible to adhere 
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Fic, 11 Curves ror DeTeRMINING QUANTITIES OF OXYGEN AND HYDROGEN 
(IN LITERS) CORRESPONDING TO A FALL OF PRESSURE OF ONE ATMOS- 
PHERE AT CERTAIN PRESSURES. 


to this rule and in order to prevent the rough edges due to 
the action of the oxygen jet it was necessary to cut at a 
comparatively high speed. Various precautions were taken 
to obtain reliable data for speed of cutting; thus the time 
of cutting was reckoned not from the edge of the plate, but 
always from the moment after 50 mm. (2 in.) of the cutting 
had been made. Further, in order to secure the same test 
conditions, the plate, after each cutting, was carefully cooled 
in water, since, as appeared later on, even a slight rise in 
temperature produced a remarkable difference in the speed 
of cutting and the consumption of oxygen. This cooling, 
especially in the case of thicker plate, took a great amount 
of time. 

Determination of Gas Consumption. The consumption of 
oxygen was determined by the fall of pressure in the flask. 
Up to 20 atmospheres calculation was possible in accordance 
with the Boyle-Mariott law, since the weight of the contents 
of the flask was exactly proportional to the pressure, but 


at higher pressures there was a noticeable deviation from 
this law, as the author has determined by special tests made 
with oxygen and hydrogen. He found that the line of 
pressures for oxygen from 50 atmospheres up passed con- 
siderably below the PI’-line, while for hydrogen it was cou- 
siderably above it. These deviations are not constant and 
the hydrogen line shows a slight kink between 40 and 80 
atmospheres, while the oxygen line is somewhat inflected 
between 60 and 100 atmospheres. 

The author also made a control determination of th 
experimentally determined curve by analytical calculation ip 
accordance with the Vander Waals equation 


( a b)=litat 


for oxygen and hydrogen. He found that the eurves de 
rived from this equation coineided almost exactly with the 
experimental curves, the difference being such as was prob- 
ably due to the inexactness of the manometers and errors in 
observation. By this means, it is possible to determine the 
gas consumption analyticaliy from the known fall of pres 
sure. This process, when a large number of readings is to 
be taken, is tedious and not very aceurate; therefore an- 
other pair of curves, shown in Fig. 5, has been derived, 
which shows exactly how many liters of oxygen and hydro- 
gen correspond at certain pressures to a fall of pressure of 
1 atmosphere. These curves have been derived by differen- 
tiation from the curves obtained by measurement and shown 
in an illustration not reproduced here. They hold, however, 
only for flasks of the size indicated, and for flasks of differ- 
ent sizes require a proportional reealceulation. 


Steam Engineering 

UTILIZATION OF SOURCES OF NATURAL STEAM IN TUSCANY 
(L’utilisation pour la force motrice des sources de vapeur 
naturelle de la Toscane, G. Espitallier. Le Génie Civil, vol. 
64, no. 17, p. 351, February 21, 1914. 3 pp., 4 figs. d). 
There are in Italy a number of so-called soffioni (blowers) 
or sources of natural steam created by the voleanic activity 
underground. It happens that in the section of the country 
where these soffion’ oceur, viz., in the northern part of the 
Tuscany mountains, there are also a number of lagoni, lakes 
of hot water containing important percentages of boracie 
acid. About a hundred years ago a Frenchman, de Larderel, 
had the happy idea of capturing the sources of natural steam 
and using the heat thus obtained for the evaporation of the 
boracie acid solution and its concentration and treatment. 
From these beginnings rose the powerful “ Societa Bora- 
cifera di Larderello” of today, and the present article de- 
scribes the modern boiler installation of the plant designed to 
be used in connection with a turbo-alternator aggregate. The 
diffieulty which had to be overcome lay in the presence ef sul- 
phurous acid and solutions of beracie acid and ammonia in 
the natural steam, which, while causing no appreciable 
trouble in reciprocating engines, were considered to be highly 
undesirable in steam turbine operation where there is a much 
greater tendency towards deterioration of the metal. A 
special Prache and Bouillon boiler is therefore used, in which 
the natural steam generates a secondary steam from pure 
water, the pressure of the natural steam being 3.5 atmos- 
pheres, and of the secondary steam, 3 atmospheres. The 
article describes and illustrates the construction of this 
special boiler in detail. 
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INFIvENCE OF TEMPERATURE OF SUPERHEAT ON STEAM 
CONSUMPTION OF ENGINES (Influence de la température de 
surchauffe sur la consommation des machines @ vapeur, V. 
Kammerer. Bulletin de la Société industrielle de Mulhouse, 
vol. 85, no. 10, p. $15, December 1913. 34 pp., 7 figs. tA). 
The influence of superheating on the steam consumption of 
engines has been investigated several times, both theoret- 
ically and experimentally; in particular by Witz, Délaporte, 
and Berner. But nearly all investigators have attached par- 
ticular importance to the determination of the economy of 
superheated steam as compared with saturated. In practice, 
however, It otten happens that an engine sold under a cer- 
tain guarantee, is tested at temperatures not exactly like 
those stated in the guarantee conditions and in such eases 


it becomes necessary to use a certain correction factor so 
as to bring the test results in accordance with the conditions 
of the guarantee. 

Tins correction factor expresses clearly the influence of 
the temperature of the steam on the steam consumption of 
the engine, all other conditions, such as admission and ex- 
this case, the 


difference between superheated and saturated steam is of no 


haust, pressure load, ete., being equal. In 


interest whatever, as in most cases the engines are not de- 
signed to work with saturated steam at all. This question 
of the influence of temperature on steam consumption ean- 
not at the present time be solved in any other way than 
by experiments, since we know that the economies obtained 
in practice with superheated steam differ materially from 
those which theoretical considerations lead one to expect. To 
solve this question without making special experiments, the 
author made a search in literature and in the files of the 
association for data of tests made on the same engines at 
different temperatures of steam, and he found such data for 
one single-cylinder engine, three single-cylinder straight-tlow 
engines, eight two-cylinder engines and three three-eylinder 
engines, all condensing, and four engines without condensa- 
tion The article 
describes in detail the construction of these engines and the 


two single-cylinder and two two-cylinder. 


data of tests, from which the author drew his comparisons. 
Owing to lack of space, only the main conclusions arrived 
at in this investigation will be reported here. : 

The first and most important conclusion is that it is im- 
possible to formulate a general rule which would apply to 
all engines or even to a certain group of engines, and would 
express the variation in consumption as a function of the 
temperature of steam. In general, the influence of tempera- 
ture of steam is proportional to the consumption proper of 
the engine, i.e., inversely proportional to the efficiency of 
design. But these two magnitudes, viz., the temperature and 
consumption—are not as closely and definitely related as was 
previously believed. The author found, especially among 
two and three-cvlinder engines, engines with approximately 
equal thermo-dynamie efficiencies in which superheat pro- 
duced very diiferent variations in comsumption, which is 
quite natural since the influence of temperature on steam 
consumption depends on a number of factors, the action of 
which may either add itself or, on the contrary, compensate 
for each other. Among such factors are number of eylin- 
ders, degree of expansion, dimensions of cylinders, dimen- 
sions of clearances, speed, distribution, presence of a jacket, 
ete. 

The tests of Vingotte indicate that in the same engine the 
influence of superheat on consumption varied from 9.5 to 5 
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grams per deg. cent. when the load went down from 300 to 
100 hip. 


rule, these tests indicate several facts of interest: for the 


ut even if it is impossible to formulate a general 


larger number of condensing engines, consumption up toa 
temperature of about 300 deg. cent. (572 deg. fahr.) is 
strictly a linear tunction of the temperature, that is, it de- 
creases In proportion to the increase of temperature. This 
preportion appears to continue even beyond 300 dee. cent. 
(972 deg. tahr.) for engines provided with a jacket of the 
small cylinder, while for those which are not so equipped, 
the advantage brought by the superheat begins to decrease 
when one passes the above limit of temperature down to a 


considerably lower value. This appears to remain constant 


until about 500 deg. cent. (932 deg. fahr.), the limit of 
temperature attainable in practice. In other words, the 


curves representing the consumption as a function of tem- 
perature tor condensing engines provided with jackets are 
straight lines, while for engines without jackets, they are 
eurves with more or less pronounced convexity directed to- 
ward the origin. Further, the beneficial influence of super- 
heat on consumption appears to be stronger the less eco- 
nomica] is the engine itself. Non-condensing engines, whether 
single or double expansion, are strongly affected by the su- 
perheat, even though the absence of a condenser would lead 
one to suppose that the loss by initial cooling would be less 
than in the condensing engine. However, here the number 
of tests available is not sufficient to indicate a certain aver- 
age. 

The original article reproduces a number of curves which 
were taken from the tests referred to and plotted by the 
author. 


UNcLEAN Steam (Unreiner Dampf, F. Dohne. Zeits. des 
Vereines deutscher Ingenieure, vol. 58, no. 6, p. 206, Febru- 
ary 7, 1914. The tendency to increase 
the output of stationary boilers led to the production of 
types known as high-duty boilers or inclined-tube boilers, 
which, in comparison with the usual kind of tubulous boilers, 
possess the advantage of better utilization of the available 
floor areas and produce far larger amounts of steam. 


5 pp. 5 figs. ep). 


Fur- 
ther, they can be started in a shorter time and more rapidly 
brought to a high output. 
certain extent, 


But these advantages are, to a 
counteracted by certain disadvantages: 
among others, their greater sensitiveness to troubles due to 
poor feedwater and their small water contents which may 
lead to troubles when the demand for steam is irregular. 

In addition, there is present a danger that a part of the 
boiler water may be carried over to the superheater and pip- 
ing, so that even in uniform operation, one has to count on 
wet steam, especially when the suriace of evaporation is 
comparatively small. And when the load on the boiler is 
so large that the water circulation is affected, violent boiling 
in the upper drum may make it altogether impossible to 
obtain a regular steam supply. These critical limits of load 
form one of the distinctive characteristics of the various’ 
types of inclined tubular boilers. 

Priming of boilers has been observed particularly often 
after the water became enriched with salts. A high salt con- 
tent easily produces retardation of ebullition and foaming, 
with the result that large amounts of water are driven over 
into the superheater. If at the same time an overload occurs 
with varying demand for steam, and perhaps along with 
an oversupply of feedwater to the boiler, it may happen 
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that the amounts of water carried over into the superheater 
may be so large that the superheater may be unable to vap- 
orize it, with resultant production of water hammer and 
possible destruction of machinery. Further, such violent 
ebullition of the water in the boiler easily opens the safety 
valves, which in itself involves a serious source of danger 
to the boiler attendants. But even when the water is carried 
over into the superheater in a less violent manner, one can- 
not rely upon the superheater as an auxiliary evaporator. 
It is not designed for evaporating water even under the 
most favorable conditions; that is, when it escapes trom the 
upper drum and in mixture with steam. Here, however, the 


~ 
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lower the output of the aggregate, apart from the injuries 
which may be caused by larger pieces carried into the tur- 
bine. In reciprocating engines these impurities produce 
extreine wear of the piston, piston rings and eylinder sur- 
faces, and may also produce saponification of the lubricating 
oil and wear of the sliding parts. The following example 
cited by the author from practical experience may explain 
the above statement : 

Several months after the installation of the plant shown 
in Fig. A, several superheater tubes connected with the 
boiler burst. The investigation showed that nearly all the 


superheater tubes have been annealed. The boiler had a 


S 
y 
4 
4 


q $220 Width 
4 
“4 


Fic. 12A_ Borer PLant WHERE TROUBLE Was EXPERIENCED ON ACCOUNT OF UNCLEAN STEAM: INITIAL INSTALLATION 


amounts of water are much larger, and could be evaporated 
in the superheater without injurious effects only if the feed- 
water is technically pure. i.e., when the additional water has 
been properly distilled in the evaporators. If, however, the 
feedwater is impure and is more or less mixed with undis- 
tilled water, even when chemical cleaning has been used, the 
water carried over from the boiler forms deposits in the 
superheaters which, in accordance with the nature of the 
feedwater, may consist of scale or deposits of salts (common 
salt or sodium sulphate). These deposits attach themselves 
to the tube walls and very seriously affect the heat transmis- 
sion and, as a result, the strength of the metal in the pipes. 

Experiments have shown that steam may carry particles 
of such deposits down into the machinery, unless they are 
previously caught, and in the machinery such foreign bodies 
produce injurious effects in many ways. For example, they 
cause a material wear on the nozzles and blades of steam 
turbines, while in the regulating elements and in the body 
of the turbine itself deposits are formed which finally greatly 


heating area of approximately 416 qm. (4476 sq. ft.) and 
the superheater about 144 qm. (1550 sq. ft). Over the 
water chamber is an upper drum of about 1800 mm. (say 
70 in.) in diameter and 7050 mm. (say 277 in.) jacket length. 
The headers of 216 tubes each of a diameter of 108/100.5 
mm. (4.2/4 in.) and 5500 mm. (220 in.) long were inclined 
to each other at an angle of 15 deg. The feed-water was 
admitted into the upper drum having been previously passed 
through an evaporating apparatus. The steam was taken 
from the front part of the boiler through an outflow pipe 
into which was built a water separator tank. The boiler 
was designed for a normal load of 20 kg. per 1 qm. (4.1 Ib. 
per sq. ft.) and for a maximum continuous output of 25 kg., 
while for a short time up to 30 kg. (6.17 lb. per sq. ft.) 
could be evaporated. 

Steam was produced at 15 atmospheres pressure and su- 
perheat of 360 to 400 deg. cent. (680 to 752 deg. fahr.). 
The water space of the boiler is about 22.5 cbm.; the steam 
space about 9.2 cbm., and the surface of evaporation about 
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13 qm. The load on 
boiler of 25 


the latter, with the demand the 
ke., is therefore approximately S800 kg. qm. 
(16.4 Jb. per sq. ft.). The superheated tubes of 44.5/37 mm. 


in diameter are built in on both sides of the upper drum. 


trom 


For the admission of steam to and outflow from the super- 


heater, collector chambers are provided located transversely 
over the entire width of the boiler. Each of the boilers is 

provided with a double chain grate on which coal dust up 
‘ to 10 mm. (0.4 in.) grain and approximately 6000 WE 
(10,800 B.t.u. per Ib.) heating volume is burned. A’ com- 
mon flue gas preheater of about 720 qm. (7749 sq. it.) is 


provided for all of the three boilers into whieh the feed 


} 
lime-soda 


water, after it has been puritied by the process, 
enters with a temperature ot! 


falir.). 


During the investigation, the conditions of operation were 


about 90 deg. cent. (194 deg. 


unfavorable, as there were rapid and large variations in the 
amount ot taken. This not sulliciently well- 
known when the boilers were designed, so that special meas- 


steam was 
ures had not been taken to avoid the production of wet 
steam. 


A thorough investigation of the plant has shown 
that the largest part of the superheater tubes were coated 
on the inside with a hard erust, which was in the neighbor- 
hood ot the entrance to the collector: chamber approximately 
2 mm. (0.08 in.) thick. Farther on, away from the upper 
drum, there was a heavy deposit of a gray color, practically 
ji filling up some of the pipes, and deposits were found all the 
way down to the water separator of the steam turbine; but 
while in the superheater proper they were hard and had the 
appearance of boiler scale; at the outlet from the super- 
heater and in the live steam piping they were of less solid 
consistency. A noticeable difference was also observable in 
that the deposits in the superheater had no distinct taste, 
while in the collector chamber and adjoining pipes they had 
a salty taste. In order to explain the presence and nature 
of these deposits, careful analyses were made of the feed- 
water, and various kinds of deposits (the original article 


is gives the analyses in detail); it was found that the deposits 
\4 consisted mainly of sodium chloride, sodium sulphate, cal- 
} cium chloride and manganese carbonate, or mainly of mate- 


rials which could not have been evaporated together with the 
steam since none of them become volatile at the pressures 
and temperatures there available. All these deposits could 
have been carried over only with the water which has been 
taken up from the boiler into the superheater and piping by 
the steam. 
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lt was of some 


interest to find 


thie 
the two parts of the plant (the superheater and live steam 
piping) should have been of such a different nature, and the 
explanation appears to be as follows: 


out whiy deposits in 


When mechanically 
impure concentrated boiler feedwater was carried over with 
the steam, deposits were formed in which must have been 
present the elements of boiler scale formation (with a pre- 
eminence of calcium carbonate) and salts (common salt and 
sodium sulphate). Masses of this composition would first 
deposit in the superheater, while lighter and more soluble 
constituents of the scale would be subsequently washed out 
by boiling steam, which would carry them over into the live 


Saturated Stea 


rheater 


Fic. 12B, C, D Same Pant as in Fic. 12A: Improvep INSTALLATION 
steam piping and deposit there. To remedy these cond:- 
tions, in front of the superheater a special container, Fig. 
B, C and D has been installed, about 800 mm. (32 in.) in 
diameter and 5000 mm. (200 in.) long, in which the sveam 
has a chance to free itself of the water and impurities. In 
addition, in the piping immediately in front of this auxiliary 
container, a water separator has been installed. The steam 
enters the container in the middle and leaves it from both 
ends. 

In order to secure a uniform tlow of steam through both 
halves of the superheater, the collector chamber has been 
divided as shown in Fig. C and D, in addition to which care 
has been exercised to daily blow off the boiler, letting the 
water off at frequent intervals to keep the salt content in 
the feedwater as low as possible, while at the same time, the 
steam demand system has been so modified as to prevent at 
least the most violent variations. Since then, the boilers 
have worked without trouble, with an average output of 25 
kg. per 1 qm. (5.1 Ib. per sq. ft.), and no trouble with the 
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bursting of superheated pipes has been experienced, although 
the feedwater remains the same as before and has been 
handled in the same manner as previously. 

The article describes also a second ease of a similar nature, 
where a reciprocating engine has been used. 

As regards oil deposits in the reciprocating engine, atten- 
tion may be called to the fact that often there is in them a 
considerable amount of iron oxide which may be explained 
by attacks on the iron of the boiler, superheaters or pipes. 
This is especially noticeable at high superheats, and may be 
intensified by the presence of caustic soda, which may be 
produced in the boiler from an excess of common soda. The 
iron oxide in combination with the deposits from the boiler 
water and lubricating oil forms practically insoluble de- 
posits, which may often lead to ruptures in the machine’s 
parts. 


Strength of Materials and Materials of Construction 

ARSENIC IN Ratts (Myshyak v relsakh, A. I. Mitinski. 
Journal of the Russian Metallurgical Society (in Russian), 
no. 5, 1913, p. 650, 9 pp., e). The question of the presence 
of arsenic in rolled steel becomes of importance only ocea- 
sionally, when it is initially present in pig iron (i. e. in the 
ore) since it 1s never intentionally introduced into the metal. 

The Kerch ore, mined in the south of Russia, contains 
from 0.08 to 0.10 per cent arsenic; since the arsenic is 
oxydized somewhat more slowly than the iron itself, its per- 
centage is practically unaffected by the metallurgical opera- 
tions which the ore undergoes, though the absolute amount of 
arsenie present in the steel is somewhat reduced in the basic 
process. The author, together with Prof. A. A. Baykoff, 
made a thorough investigation of the influence of arsenic on 
rolled steel. The contents of arsenie have been intentionally 
increased by introducing metallic arsenic in boxes made of 
thin sheet iron into the ingot molds. The carbon contents 
were 0.35, 0.40 and 0.45 per cent, while the arsenie varied 
from 0.2 to 0.3 to 0.4 per cent. The temperatures were ob- 
served by the Wanner pyrometer; the strength of the test 
pieces measured. by the impact test. The article gives full 
data of the tests, the present abstract containing only the 
main results. 

It has been found that rails containing carbon in the 
neighborhood of 0.5 per cent exhibited great brittleness; this 
may have been due to the unusual high percentage of manga- 
nese which was as high as 1.09 to 1.17 per cent; rails with 
approximately 0.4 per cent carbon showed an evident in- 
crease of brittleness when the arsenic contents pass 0.25 
per cent. 

As regards simultaneous presence of phosphorus, it has 
been found that rails which contain the least amount of it 
prove to be the best of the group; this completely confirms 
the view that in order to eliminate brittleness in metal con- 
taining arsenic, the metal must be of low carbon and low 
phosphorus. From the tests made it does not appear that 
the presence of arsenie produces any apparent effect on the 
mechanical properties of the metal in so far as they are 
characterized by tensile tests. As regards macrostructure the 
introduction of arsenic causes a noticeable thickening of the 
ferrite lines. Further tests have shown that the inerease of 
the arsemie content intensifies also the danger of rail break- 
ages in very cold weather. They have likewise shown that 
manganese in large quantities is good only in very low- 
carbon steel. On the whole, the tests have shown that arsenic 


in quantities up to 0.25, or even 0.3 per cent in rail steel 
cannot be considered as absolutely inadmissible, but the steel 
must be dephosphorized as much as possible, and should con- 
tain as little carbon as possible, a low manganese content 
also being advisable under such conditions, although gener- 
ally a comparatively high manganese content might do no 
harm. 

As regards rolling, the arsenic rails have not exhibited 
any peculiarities. 


Museums oF SociaL ENGINEERING IN GERMANY AND 
ABROAD (Die Sozialtechnischen Museen im In- und Auslande, 
K. Hartmann. Verhandlungen des Vereines zur Beférderung 
des Gewerbefleisses, no. 1, January 1914, p. 65. Serial 
article, not finished, d). The article describes briefly the 
importance of museums, with relation to what the Germans 
ealls “ Social Engineering,’ both in Germany and abroad. 
A somewhat fuller description is given of the museums in 
Charlottenbourg and Munich. 


ENGINEERING SOCIETIES 
AMERICAN CHEMICAL SOCIETY 


Journal, vol. 34, no. 3, March 1914, Easton, Pa. 

THe Compressibitity or Ice, Theodore W. Richards and 
Clarence L. Speyers (4 pp., 1 fig. e). The investigation 
was conducted during the year 1909 and a preliminary report 
giving the results but no details was published in the year 
book of the Carnegie Institute of Washington for 1910. 
The present publication gives complete detail of the methods 
used, a summary of the investigation being presented by Mr. 
Richards (C. L. Speyers is dead), as follows: 

The compressibility of ice between 100 and 500 megabars 
is found to be 0.0000120 at —7.03 deg. cent., or about one- 
quarter of the compressibility of water at neighboring tem- 
peratures. It is found not to decrease remarkably as the 
pressure increases. This is probably the first direct deter- 
mination of the compressibility of common ice which has 
ever been made. The difference between the low result and 
the higher value obtained by Bridgman through indirect 
calculation is probably due, at least in part, to the existence 
of a large temperature coefiicient. 


AMERICAN PEAT SOCIETY 


Journal, Vol. 6, no. 4, October 1913, Toledo, Ohi 
Practical Peat Utilization, John N. Hoff 
Peat Powder as Fuel for Locomotives (Abstracted) 

Peat Powper as Furi ror Locomotives (1 p. d). It 
has recently been announced that von Porat, a Swedish engi- 
neer, has perfected a process for utilizing peat powder as 
fuel for locomotives. The powder is manufactured by the 
Ekelund process which, in itself, does not appear to have 
made much headway as yet. In the von Porat system the 
peat powder is fed by an automatic process into the furnace 
of the locomotive, and it is claimed that substantially the 
same results can be obtained from 14% tons of peat powder 
as from 1 ton of coal. The powder may be burned with 
admixture of about 5 per cent of coal. No change has been 
made in the boiler or fire-box except the installation of 
special apparatus, the powder passing from the tender to 
the fire-box through a conveyor pipe. No cold air is allowed 
to enter the fire-box. 
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AMERICAN SOCIETY OF CIVIL ENGINEERS 


Proc eedings, l. 10, NO. Ie bruary 1914, Ne w York 


An Investigation of Sand-Clay Mixtures for Road Surfae- 
ing, John C. Koeh 

Report on a Series of Tests on Conerete Columns Rein- 
foreed with a Spiral of Steel, C. G. Wrentmore, Hugh 
Brodie, and C, O. Carey (Abstracted) 

Report ON A Series or Tests on Concrete Cotumns 
REINFORCED WITH A Spirat or Street, C. G. Wrentmore, 
Hugh Brodie and . O. Carey. (Paper read Mareh 18, 1914, 
43 pp., 15 ef4). The tests described in this report 
were made in an effort to design columns of reinforeed con- 
crete even though low stresses and excessive quantity of ma- 
terial might be required to insure safety. Experiments on 
the ultimate strength of columns with longitudinal steel 
bars imbedded in the concrete indicate that such reinforce- 
ment, unless hooped or banded at frequent intervals, could 
not be relied upon to increase the strength of the column, 
and in some cases might even render its strength less. The 
present tests were planned to determine the longitudinal 
and lateral deformations of the columns under various loads, 
increasing trom zero to something above the probable maxi- 
mum working strength with varying quantities of reinforce- 
ment and at different ages: also the ultimate strength and 
the load at the tirst visible sign of failure. From the 
deformation was to be determined the change in unit length 
for the various loads, the modulus of elasticity and Poisson’s 
ratio with an idea that comparison of the results should show 
the influence of the reinforcements on these several quan- 
titles. 

The spirals ot steel were put on in two ways. In some 
cases they were wound on the concrete shaft after casting 
by placing the column in a lathe and winding the wire on 
under constant tension sullicient to bed it slightly in the 
concrete. This was done just before testing at the age of 
28 days, the end of the wire being anchored securely in the 
column very near the winding end, the tension then applied 
and a dozen turns wound on as close as they would lie in 
order to insure against failure at the end; the spiral was 
then spaced by nsing the lathe serew until within 1 inch of 
the other end; then another dozen turns were run on close 
together. In the remaining columns the spirals were made 
up and set in place in the form and the eonerete was then 
poured. The longitudinal bars of the reinforeement were 
barely suflicient to hold the spiral in place. There were 
strips of No, 24 gage galvanized iron 7/16-in. wide and 
notehes 7/32-in. deep, aceurately spaced by machine. The 
consecutive turns of the spiral were dropped into these 
notches and fastened by pinching down the lugs formed in 
cutting the notches. Four such spacing strips were used for 
each coil, and as they were so light, considerable care was 
necessary to insure the proper location of the reinforcement. 

The article gives in considerable detail the methods of 
test determination of extensometer constancy; computation 
of values and test data cannot all be tabulated owing to a 
lack of space. The conclusion to which the writers come 
are as follows: (1) The value of Poisson's ratio is approxi- 
mately 8 for short-time and 7 for long-time tests. (2) The 
value of e is in general below 10, only exceeding that value 
for short time and high stress. (3) Spiral reinforcement 
does not, by its restraining effect on the core, perceptibly 
affect the values of m or e for stresses below 900 Ib. per 
sq. in. (4) Spiral reinforeement does not perceptibly assist 


the concrete in carrying the load within the limits of ordi- 
nary working stresses. (5) The limit at which the first 
visible sign of failure oceurs is raised by spiral reinforce- 
ment; this effect is greatest in short-time tests, and is per- 
ceptible for all percentages of reinforcement. (6) The plain 
column fails abruptly, giving no warning of approaching 
collapse; the hooped column may be depended on to give 
warning of approaching failure at from 70 to 90 per cent 
of the ultimate strength, when not less than 0.50 per cent 
of steel is used. (7) The deformation is quite irregular up 
to about 100 Ib. per sq. in.; above this it is quite regular up 
to a limit which is not defined by these tests, but is well 
above allowable working stresses. 

The tests indicate, but cannot be said to prove conelu- 
sively, that: 

(8) The ultimate strength of the column is increased by 
spiral reinforcement by an amount roughly proportional to 
the quantity of steel used, up to the limit of 1.58 per cent: 
and above this limit the ultimate strength is simply the 
amount which ean be carried by the granular core supported 


by the spiral, but with no cohesion of its own. 
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Journal, vol. 52, no. 2, February 1914, St. Louis, Mo. 
The Status and Duty of the Engineer, J. A. Ockerson 
Recent Economies in the Sugar Industry, A. L. Webre 

( Abstracted ) 
Railroading Sixty Years Ago, C. D. Purdon 

Recent Economies 1x tur SuGar Inpustry, Alfred L. 
Webre (17 pp., 11 figs. dh). New conditions brought about 
in the sugar industry by reason of the recent tariff changes 
make it imperative to produce sugar more cheaply than 
was previously done. One of the possible economies lies in 
a better system of steam utilization. In a sugar factory 
steam is used for various purposes: it supplies energy for 
the operation of machinery; it is used to heat the juices from 
about 60 deg. to 212 deg. fahr.; in the multiple effects and 
in the vacuum pans. The amount of energy taken up for 
power purposes is small as compared with the total energy 
consumed, and the introduction of more economical engines, 
such as compound condensing instead of simple, Diesel en- 
gines or electric generators driven by steam turbines, would 
not bring about as great economy as might be expected, and 
in some directions the more economical engine might even 
involve heat losses. Thus the steam used in a compound 
condensing engine is not available for evaporation purposes, 
and would give up only a part of its mechanical energy, 
while the remainder would be absorbed in the condenser. 

Under the conditions existing at present in American 
sugar factories where furnaces burning bagasse may be con- 
sidered to give good results, the problem with which the 
sugar steam engineer is confronted is not power economy 
but heat economy, and to get over-all results he must con- 
sider not the power plant but the heating and evaporating 
apparatus. The present Louisiana practice in this regard 
is not up to the standards of Europe and other countries. 
There is only one Louisiana house having vapor heaters in 
successful operation; only two houses equipped with quad- 
ruple effects, though there are a great many triples. The 
majority have plain doubles and quite a number have no 
effects at all, using open evaporation throughout. All these 
will probably have to be changed to meet the present modi- 
fied conditions. In Europe there has been a general devel- 
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opment, which the author describes in detail, to approach 
the complete utilization of the heat developed. He shows 
the gradual evolution of multiple effects. It was found in 
Europe that when a quadruple was operated in the manner 
described, there was not suflicient exhaust to do the work, 
but it paid better to put live steam in the first body than 
in the pans and heaters, as each pound of steam used in this 
way did several times as much work as by the old methods. 
A further experiment was, instead of putting live steam at 
100 lb. pressure in the first steam belt, to put it into the 
Pauly pre-evaporator and boil the juices before permitting 
the steam to reach the effect under 8 lb. pressure, which 
involved great advantages. In fact it was found that such 
an apparatus did 25 to 30 per cent more work than a plain 
quadruple with the same steam. In addition, the vacuum in 
the last effect was not allowed to exceed 24 in., thus re- 
quiring less condensing water and fewer pumps. However, 
inasmuch as the third and fourth body operating on vapors 
from the preceding units after these have been robbed for the 
heater and the pans could do only very little work, it ap- 
peared logical to eliminate the condenser altogether, and to 
operate the last body atmospheric. This has been success- 
fully accomplished under limited conditions in the Kestner 
effect, where it was made possible because of the high effi- 
ciency of its heating surfaces as compared with the ordinary 
apparatus. 

The author explains in detail why it was so difficult to 
attain this end and what objections may be raised to the 
arrangement. He further shows that with this equipment, 
it is possible to operate a 1000-ton Louisiana house on ap- 
proximately 1000 h.p., as compared with 1825 h.p. required 
when the ordinary double effect is used, 1480 h.p. with the 
triple effect and 1300 h.p. with the quadruple effect. The 
author believes therefore that the house equipped with an 
atmospheric double, a vapor heater and vapor pan will 
operate on bagasse alone continuously and have fuel to spare. 
He describes and illustrates the apparatus recommended, and 
gives data of tests in the form of both tables and curves. 


CANADIAN SOCIETY OF CIVIL ENGINEERS 

Advance proof 

BripGE SUBSTRUCTURES BUILT BY THE PNEUMATIC METHOD, 
John W. Doty. The purpose of the paper is to give a few 
examples of sub-structure work, constructed by pneumatic 
methods in Canada during the last few years, and the rea- 
son for the adoption of this method in each case. It briefly 
describes the use of this method on the following bridge sub- 
structures: Two bridges over the Red River at Winnipeg, 
bridge over the St. Lawrence River near Lachine, over the 
Harrison River at Harrison Mills, B. C., over the St. Law- 
rence River near Quebec, and over Mud Lake, near Perth, 
Ontario. The conclusion to which the author comes is that, 
under certain conditions, the pneumatic method, although the 
most expensive one in the general classification of founda- 
tions, is also, for the given conditions, the most economical 
and gives a certainty of securing a suitable footing beyond 
any doubt, as well as insuring the speed of completion and 
the positive manner in which difficulties can be overcome. 


CENTRAL RAILWAY CLUB 
Official Proceedings, vol. 22, no. 1, January 1914, New 
York 
Air Brakes: Wuy THEIR PossisLte UTILITY AND PER- 
FORMANCE IS Not OBTAINED IN A HIGHER DEGREE IN ACTUAL 
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SERVICE, Walter V. Turner (52 pp. gpA). Only a few 
points of this interesting paper can be reported here. The 
author, chief engineer of the Westinghouse Air Brake Com- 
pany, calls attention to the fact that while a design of an 
air brake is a mechanical proposition, its possible utility 
and performances in actual service might also to a very 
large extent be called a problem in psychology, the human 
equation being an important element in the proper per- 
formance of a brake. Further, the brake may be properly 
divided into two parts, viz., the air operated device and the 
foundation brake gear, the latter comprising all of the 
parts affected by the operation of the brake piston, i.e., the 
rods, levers, shoes and truck. These, and not the air operated 
mechanism itself, are the variables, for it is upon these 
that comes the consequent wear and tear. While it may be 
assuming too much to expect that the car be built around 
the brake installation, as a matter of fact if proper economy, 
efficiency and safety are to be insured, this is as it should 
be. The truck and cars should be designed in such a man- 
ner as to include all the provisions necessary for a proper 
brake and its installation. 

There are four factors which contribute to the result of 
the operation of the brake, viz., the time, the braking ratio 
of the design, the overall efficiency of the foundation brake 
gear, and the speed. (It is unreasonable, as the author 
shows in detail, to expect a desired stop from an arbitrarily 
fixed percentage of brake ratio.) The manufacturer of air 
actuated devices controls only one of this four, viz., the time 
element, and this in itself cannot be made to compensate 
for shortcomings in the others.. The author shows by curves 
how the operation is affected by deviations in cylinder 
pressure, which in turn determines the retardation of the 
car, and as a consequence its relation in this respect to other 
cars in the train. He discusses in detail the factors affect- 
ing brake design, conditions affecting brake operation and 
gives some advance information on the electro-pneumatic 
brake. As regards the factors affecting brake design, he 
indicates eight functional relations between various magni- 
tudes of the car, and shows that any one of these eight values 
ean be included among what he has previously called the 
fundamental requirements; and further, and even more im- 
portant, any one of them can be arbitrarily chosen. 

The author comes, therefore, to the conclusion that the 
practical brake must be a harmonious, consistent whole, em- 
bracing both the brake apparatus and the entire ear design. 


ENGINEERS’ CLUB OF PHILADELPHIA 
Proceedings, vol. 31, no. 8, January 1914, Pliladelphia 

The Limitations of Mathematical Theory Applied to En- 
gineering, W. G. Button (abstracted) 

Colossal Waste Due to Bad Municipal Engineering, Bernard 
J. Newman 

The Hudson River Crossing of the Catskill Aqueduct, Ralph 
N. Wheeler 

Conerete Roadways, Lewis R. Ferguson 


Tue LIMITATIONS OF MATHEMATICAL THEORY AS APPLIED 
TO ENGINEERING, W. G. Button (16 pp., 5 figs. tg). The 


author proposes to point out some of the necessary limita- 
tions of mathematics as applied to engineering construction. 
The author discusses from this point of view the question of 
stresses in columns, framed structures, domes, arches, retain- 
ing walls, and steel base slabs. 
herewith : 

Steel to the layman is a hard, dense material of prac- 


The section on steel follows 
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tically unlimited strength. To the man of science it is first 
a crystalline aggregate, erystals of perlite, martensite, hard- 
enite, ete., held together by cementite, or a mixture of ce- 
mentite with uncombined graphite. These crystals, which are 
beautifully shown by polishing and etching, vary in size and 
shape, and 


furthermore are very susceptible to thermic 


changes, affecting materially the strength of steel. They 
are held together by their own innate cohesive force, of which 
very little is known; and fracture may oceur by sliding on 
their cleavage planes, thus splitting into smaller crystals. 
These lines of displacement can olten be clearly seen on the 
etched surface, or the failure may oceur in the cementing 
material, the erystals separating, and this is perhaps the 
more unusual procedure. 

Going a step further into the constitution of steel, it is 
found that the erystals are composed of more or less complex 
molecules, which in turn are but solar systems of atoms, 
almost infinitesimal spheres separated from each other by 
relatively large distances, and moving at incomprehensible 
velocities. The division of matter is now earried still further 
and we must imagine the atom as made up very much smaller 
corpuscles, and these are possibly only vortex rings in the 
ether, like smoke rings in the air, which mathematically are 
said to be the equivalent of a solid. We will stop, however, 
with the molecule as being the physical unit. These molecules 
are interpenetrated by an imponderable substance of such 
apparently contradictory qualities as to be practically incon- 
ceivable of almost infinite elasticity, of a density far greater 
than steel, but at the same time so tenuous that they offer 
searcely appreciable resistance to the motions of the heavenly 


bodies. 


meshes. 


Matter, however, is only a sieve with very wide 


Matter is made up of atoms separated by relatively large 
distances, while the generally accepted idea of the other is 
that it is a continuum. 
its density. 


This will enable us to get the idea of 
Steel is porous; the density that we measure is 
only that of particles diffused through this ether. If we 
knew the density of an atom of any element we could by 
means of the combining numbers caleulate that of an atom 
or molecule of steel. The ether is the only really rigid body 
im the universe. Fundamentally all molar stresses in matter 
resolve themselves into molecular stresses, and these are 
probably stresses or strains in the universal liminiferous 
ether. The simplest reaction of a beam on a column is to be 
explained rationally only by the intermolecular forces. 


INSTITUTE OF MARINE ENGINEERS 
Transactions, vol. 25, February 1914, Stratford 
The Upkeep and Management of Boilers on a Tramp 
Steamer, G. A. O'Neill (Abstracted) 


Report on the Cireumstances attending an Explosion at an 
Electricity Generating Plant 

Tue Upkeep AND MANAGEMENT OF BotLers on A TRAMP 
Steamer, G. A. O'Neill (22 pp. p). A discussion of prae- 
tical methods of the upkeep and management of boilers on 
a tramp steamer, and among other things, attention is called 
to external corrosion of boilers. On the bottoms of eom- 
bustion chambers on the fire side an incrustation of scale 
and dirt will form, if not carefully watched, and with the 
combustion chamber frequently swept and scraped out, this 
scale obtains quite a smooth surface and appears like the 
plate itself. However, it can easily be detected by tapping 
with the rourd end of a hand hammer, when it will break 
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olf in ilakes. It the seale is allowed to form, corrosion in- 


variably underneath it and the thickness of the 


Ol 


plate is sometimes seriously reduced before it is noticed. 
Salt trom leaky tubes and joints, when mixed with wet ashes, 
causes corrosion, and as this olten occurs in the combustion 
chamber, it is essential to stop the least noticeable leakages 
as soon as possible. rhe boiler tront end plates at the bot- 
tom suffer a great deal from contact with wet ashes. 

In the discussion Gander stated 


corrosion did 


which followed, Jas. 8S. 
that, so far as he had observed, this furnace 
not occur when the boilers were fitted for burning oil fuel, 
since the whole circle of the furnace was generally used for 
heating surlace. External corrosion from the fire side is also 
absent with oil fuel, as the heating surface could be kept 
much cleaner. He claimed important advantages from the 


eareful use of calcinated soda: on one oceasion he had 
been obliged to runa donkey boiler lor a week on sea water, 
not even having the benetit of the condensed feedwater which 
was put into the main boilers. Soda was constantly used and 
attention paid to the scumming and drawing off of sediment. 
Upon opening up, the heavier scale found was less than 
1/16 in. thick on the crown of the turnace, the other parts 
being practically clean. On the same vessel, with the same 
precautions used, the main boilers ran from February to the 
end of September. water being unchanged, and on opening 
up practically no seale was found. 

James Shanks spoke about the extreme care which should 
be observed when circulating the water with steam pressure 
on the boiler. A number of engineers had been attempting 
to get some automatie system of circulation both for raising 
steam and under banked fires, but there did not appear to 
be any which was quite efficient. Some do excellent work 
while lying under banked fires, which was important in 
tramp steamers and should be fitted into every ship, as any 
engineer would hesitate in using a donkey or feed pump for 
circulation with a pressure of 220 lb. on the boiler. There 
was always danger, and some automatic system of cireulating 


water under banked fires was needed. 


INSTITUTION OF ELECTRICAL ENGINEERS 


Journal, vol. 52, no. 227, February 2, 1914, London 


Evectric Train Licutine Systems, T. Ferguson (13 pp.. 
15 figs. cd). The author gives a general description of the 
British and some continental makes of electric train light- 
ing equipment. In conclusion he gives a table reprodaced 
here as Table 3. Page 095. 


INSTITUTION OF MECHANICAL ENGINEERS 
Advance copies of dates indicated, London 
Some Modern Methods of Welding, Thomas T. 

(abstracted ) 
Water as A Mechanical 
(abstracted ) 

Some Mopern Metuops or WetpinG, Thomas T. Heaton. 
(advanee publication C, paper read February 20, 1914. 15 
pp.. 18 figs. cd). Broadly, the modern methods of welding 
may be divided into electric welding and gas welding. In 
electric welding, the chief systems are as follows: 


Heaton 


Agent, Edward B. Ellington 


The electric are system, in which the best known represen- 
tatives appear to be the Benardos system and the Zerener 
process: The Benardos system uses a direct current of about 
90 volts and an amperage depending upon the thickness to 
be welded; in ordinary products running from 200 to 500 
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amperes. The work itself forms the positive pole of the 
are and a earbon rod the negative pole, this arrangement 
being used so as to secure the greatest amount of heat in 
welding, as the positive pole is the hotter. The ares are 
arranged in parallel, and provided with a regulator to adjust 
the current to the work done. In the Zerener process, there 
are two carbons in the same holder and a magnet which 
deflects the are produced between these two carbons, down- 
ward onto the work. No current passes through the work 
at all. 

The Strohmenger-Slaughter system may be used with either 
direct or alternating current. The parts to be welded are 
placed in juxtaposition; an electrode is laid upon and along 
the welding line; contact is then made between the work 
and one end of the electrode, which fuses by a series of ares 
along the welding line, melting the electrode and coating the 
weld with a vitreous flux. [t is claimed that this flux pre- 
vents oxidation. 

Electrie contact welding is done by machinery. In the 
Thompson-Houston process, which is a good representative 
of that class, the pieces to be welded are fixed in the machine, 
one immovable and the other in a slide rest. The piece in the 
movable slide is pressed by means of a screw against the 
other and a very heavy alternating current is passed through. 
The electric resistance of the joint causes a rise of tempera- 
ture to welding heat and the movable piece is pressed forward 
until the complete union is made. 
(from 2 to 4 volts). 
amperes per sq. in. 

Another method of contact welding differentiates between 
spot welding and roller welding. In the first, the work is 
upon a fixed copper contact piece and a second movable 
electrode is pressed upon it immediately above the fixed elee- 
trode. The current, in passing from one electrode to the 
other, heats and welds the work. In roller welding, elec- 
trodes are rolls which grip the work overlapped between 
them, heating and welding it as it travels. This system re- 
quires a good quality of metal, homogeneous and free from 
seale or dirt, and necessitates a somewhat delicate adjust- 
ment of the time and eurrent; but it ean produce remarkably 
good results in welding. 

In gas welding, the best gas to use is acetylene or benzol 
vapor; coal gas and hydrogen have also been successfully 
used in conjunction with oxygen. 

The author discusses in detail the strength of welded 
seams. 

WaTER aS A Mecuanicat Acent, Edward B. Ellington. 
(Thomas Hawksley Lecture, delivered December 5, 1913. 
Advance copy B, 17 pp. g). This is the first lecture in a 
series established by the council of the Institution of Mechan- 
ical Engineers in memory of their distinguished past-presi- 
dent, an engineer of unusual achievement and great influ- 
ence in the development of hydraulic gas and drainage 
machinery in Great Britain and elsewhere. The speaker gave 
a brief biography of Mr. Thomas Hawksley, and indicated 
in general the development of hydraulic engineering in its 
various branches during the last hundred years. 


INSTITUTION OF MINING ENGINEERS 


Transactions, vol. 46, part 3, 1914, London 

THE ABSORPTION OF OXYGEN By CoaL, T. F. Winmill (Pt. 
1,15 pp. epA). The results obtained in this important 
investigation are presented here in abstract, the reader being 


The voltage is very low 
The current is about 16000 to 20000 
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reterred to the original article for the detailed data and 
tables. So tar four sets of experiments have been carried 
out: (a) on the relative rates of oxidation in the various 
parts of the Barnsley seam; (b) on the effect on the rate of 
oxidation of reducing the oxygen content in the intake air; 
(c) on the effect of the size of the coal-dust particles on the 
rate of oxidation; (¢) on the effect of temperature on the 
rate of oxidation. 

As regards the relative rates of oxidation of the various 
parts of the Barnsley seam, the rates of oxidation of the 
Various substances occurring in the seam (hard coal, soft 
coal, cannel coal, jacks, shale and mother of coal) have been 
determined at 30 deg. cent., which temperature appeared to 
be somewhere near a normally cool goat temperature for the 
mine from which the samples were taken. The curves plotted 
from the results obtained show cleariy, first the very rapid 
oxidation which takes place during the first few hours in 
freshly cut coal and, secondly, the fact that this is followed 
by a muck slower absorption which persists for a long time, 
the results for different parts of the seam being quite similar. 
The amount of oxygen absorbed is roughly proportional to 
the content of carbonaceous matter in each substance. The 
mathematical analyses of these curves show that each repre- 
sents with a fair degree of accuracy the sum of two chemical 
reactions obeying equations 


where A,, A,, K, and K, are constants, and X, and X, are 
the rates of absorption of oxygen in each of the substances 
respectively at a time 7. There are here apparently two re- 
actions, one starting with the rate of absorption of A, eu. ¢. 
per 100 grams of coal per hour, which falls to half in about 
6 hours, and the other at 4, cu. ¢. per 100 grams per hour, 
which falls to half in about 100 hours. The values of A, 
and A, represent the rate of absorption at the beginning of 
the experiment and the sum of A, and A, should therefore 
be a little greater than the first numbers in each of the corre- 
sponding tables. As a matter of fact they are less, owing to 
several causes. With the above equations it is possible to eal- 
culate the amount of oxygen which the coal will absorb 
from the beginning of the experiment to the time wen it 
will absorb no more, and it appears that the main infiuence 
on the actual firing of the coal is due to the second reaction. 

A further point of interest which is brought out by the 
analysis of the air which passes through the coal is the small 
amount of carbon dioxide that is produced in the oxidation. 
From the hard coal, at 30 deg. cent., less than 20 eu. e¢. of 
carbon dioxide is formed during the absorption of 760 cu. ec. 
of oxygen. 

Combustible Gases evolved during the Oxidation of Coal. 
At 30 deg. cent., there seems to be no carbon monoxide pro- 
duced in the presence of free oxygen and the combustible 
gases consist, first, of methane, and later small quantities of 
higher hydrocarbons. ‘The total amount of combustible 
gases given off by 100 grams of each substance during oxida- 
tion varies from 37 cu. ¢. for hard coal to 80 eu. e. for soft 
coal. To obtain some idea of the effect of the partial pres- 


sure of the oxygen on the rate of absorption, the intake of 
pure atmospheric air was replaced by a reservoir delivering 
at constant pressure air containing 8.28 per cent of oxygen. 
The coal used for the experiment was the “ hards.” 
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absorption rate was far greater than it would have been if 
it were proportional to the particular pressure of the oxygen, 
and shows that any proposal to stop at any rate the earlier 
stages of spontaneous heating by a reduction in the percent- 
age of oxygen short of the total removal of the oxygen would 
appear to have no basis in fact. 

Effect of l-ineness of Dust. 
scribed so far, the dust was ground to pass through a 200- 


In all the experiments de- 


mesh sieve, but further experiments were also made with 
dust passing through a 10-mesh and left on a 30-mesh sieve, 
and with dust passing through a 30-mesh and left on a 60- 
mesh sieve. It was found that the rate of oxidation is not 
simply inversely proportional to the size of the particles, 
which may be due to the faet that the coal is porous and the 
oxygen is therefore able to penetrate into the interior of 
each particle. 

Eifect of Temperature on Rate of Oxidation. Atter some 
oxygen has been absorbed, the temperature of the coal will 
rise and a new rate of absorption will commence. To under 
stand how the coal goes on heating until it ultimately fires, 
The 


experiments on the variation of the rate of oxidation with 


the temperature coetlicient of the rate must be known. 


temperature are not vet concluded, but what has been done 
indicates that this rate increases greatly with the increase 
of temperature. A second paper by the same author on the 


same subject is in course of preparation. 


MANCHESTER GEOLOGICAL AND MINING SOCIETY 


IN Reversing tue Main Air Cur- 
RENTS IN CoaL MINES AND THE MecCHANICAL STRUCTURES 
Invotvep, W. Clifford (2 pp., 10 figs. The account 
in this paper is taken from the lron and Coal Trades Review 
for February 13, 1914, as the original publication of the 
Society is not vet available. 
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The author describes various appliances for use in re- 
versing the amount of air currents, the paper being based 
mainly on United States practice. He shows and illustrates 
the reversing doors designed by himself, which permit of the 
retention of the lines of Guibal’s évasée chimney, and at the 
same time provides doors of suflicient length to close the 
chimney opening for reversal, and, by controlling the limits 
of their upward path, to do away with the risk of striking 
the revolving fan blades. He also described reversible ex- 
haust and blow fans of various types and showed a method 
of reversing the main air current independently of the fan. 

In the discussion that followed, Perey L. Wood stated 
that in England it was thought that there was a good deal ot 
danger in reversing the ventilation. He suggested that in 
the case of a fire in the down-east shaft, if a blow fan were 
would be 


suddenly converted into an exhaust fan there 


danger in a fiery mine. Assuming the goaves held gas when 
the fan was converted from a blower into an exhauster, and a 
large amount of pressure was taken from the workings, the 
gas would naturally be emitted in considerable volumes and 
would be drawn over the fire with probably disastrous re- 
sults. On the other hand, if the exhaust fans were suddenly 
reversed, there would not be anything like the same danger 
because whatever gas happened to be in the goat would 
probably be sent further into the goaf. As regards the 
necessity of évasée shape of outlet, the speaker made some 
experiments without such shapes; they reversed in something 
like 30 seconds and had nearly as much air in the reverse 
direction as in the proper direction. 
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Charles Pilkington stated that in England they do not 
want to reverse the air very often nor to have the reverse 
current as large as the ordinary current; all they wanted was 
to have a certain amount of reverse current down the pit. 
It was the law of the land to have the fans so constructed 
that they would reverse the current and not that they must 
reverse it. 


NEW ENGLAND RAILROAD CLUB 


lebrua ry 10, 1914, Boston 
STEEL PASSENGER Cars, F. M. 


dg). 


Brinkerhoff (33 pp.. 5 figs. 
The author believes that the use of steel cars will not 
reduce the number of accidents, but may mitigate the in- 
jury to passengers and cars when the accident does oceur. 
Large sums, however, are involved not only in the first cost 
of the ears, but in the operating expenses as affected by the 
weight of the car, and relative cost of maintenance and re- 


pair of the various types of car body structure, so that a 


very thorough investigation of these questions, not only 
under normal conditions but also when subjected to the test 
of derailment or collision, becomes important. The ques- 


tion of weight is of great importance. A steel passenger 
car, properly maintained and repainted at suitable intervals, 
should be serviceable for from 30 to 40 years. Now assum- 
ing that the cost of power for hauling one pound of ear 
weight per year averages $0.01 and in rapid transit service 
$0.05, it is obvious that $20 per year per ton for 30 to 40 
years is a pretty heavy penalty for accepting a hasty or 
undeveloped design involving unnecessary weight. On the 
other hand, a saving in weight must not be made to the 
detriment of the maintenance cost. The design must there- 
fore combine, to as great an extent as possible, the following 
essential features: (a) The satety and comfort of pas- 
sengers; (b) low eost of operation ; (c) low cost of main- 
tenance; (d) moderate first cost. 

In consideration of safety, not only should the capacity 
ot the ear body structure to resist collision and derailment 
shocks be regarded, but coéperation with the claim depart- 
ment may disclose many little details of finish, hardware, 
clearances, ete., which may have caused personal injury in 
the past and which can easily be avoided in a new car de- 
sign. 

Exeept in cars of a special type or cars constructed with 
blind ends wherein the end sill is also the buffing sill, all 
shock of collision impact will be received by the center sills 
through the medium of the draft gear and the bufling de- 
vice. It is manifestly of the utmost importance to secare 
center sills against buckling in any direction, due to shock 
or load applied to the buffing sills, either in a longitudinal 
or vertical plane. It is usual to assume that a given shock 
is divided between the buffing device and draft gear in a 
definite proportion, but frequently heavy shocks are deliv- 
ered against a closed knuckle, in which case the loading of 
the center sills as above assumed and the 
shock may produce buckling of the sills unless the draft 
gear should fail first, in which ease the shock will be trans- 


ferred to the bufling device. 


is not realized 


Also the entire sills forward 
of the truck may buckle in an upward direction. In order, 
therefore, to avoid excessive weight of the deep center sill 
construction necessary to meet the above described eccentric 
loading, it is advisable to support and align the center sills 
against deflection by means of suitable cross-bearers and 
body end sills attached to the side frames and center sills. 
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In this manner the center sills will be relieved of all deflee- 
tion due to live or dead load and their full sections will be 
available to transmit longitudinal shock. 

The author believes that the calculation for strength of 
center sill to resist end shock should be supplemented by 
investigation of its ability to support the car whenever, for 
example, the bufling sill of one car in collision over-rides 
the buffing sill of another car and the train has been derailed 
leaving the center sill unsupported at the center plate. As 
regards permissible weight, a consistently designed steel 
zoach should weigh less than a wooden coach of the same 
dimensions and be materially stronger. As regards the type 
of framing, the author believes that it is essential that ample 
section be used in the center sill construction, to withstand 
the expected strains, but by the use of adequate cross- 
bearers, well connected to sills and side frames, it will be 
found possible to design suitable center sills of practically 
uniform section for their entire length and thus effect a 
great economy in weight as compared with fish-belly center 
sills frequently used in passenger car construction. The 
body end sill, with its cover plate connections, should be 
designed to transmit all vertical loads from the center sills 
to the side frames supporting and aligning the center sills 
against deilection in any direction. An unobstructed under- 
framing is particularly desirable for the application and 
inspection of equipment; it is also desirable to utilize the 
entire side of the car as a truss or girder with the side as a 
top member instead of using the plate rail as the top mem- 
ber of the girder formed by the side below the windows. 

In steel cars it is entirely practical to proportion and rein- 
force the inner piers so that very effective truss construction 
can be obtained. A carefully designed roof can add greatly 
to the ultimate shock resistance of a car structure, the side 
decks acting virtually as flanges for the tops, and the side 
frames will preserve its alignment and prevent the separat- 
ing of the side plates and posts. The roof construction can 
also be made to afford a considerable element of safety on 
occasions when the car may be derailed on an embankment 
or bridge and overturned. 

The author further recommends the elimination of joints, 
especially such as may be attacked by corrosion. He be- 
lieves that a sleeping car weighing about 125,000 lb. com- 
plete could be designed. It is seldom that the failure of the 
underframe is the cause of injuries to passengers in cases 
of derailment or collision, but rather the inadequacy of the 
upper body; a redistribution of the strength members might 
therefore result in producing a structure offering a maximum 
protection to passengers with a somewhat reduced weiglit. 
As the center sill is usually the heaviest single part in the 
car, its permissible weight is of great importance and may 
be minimized by relieving it of all vertical load, so that its 
cross-bearing connections to high side frames which when de- 
signed in the form of a truss have ample strength to carry 
the entire load of the car and also to support and align the 
center sills against buckling. This system of high-truss side 
frame herein outlined is applicable to any type of car body 
construction. 

The author discusses various other points of car design, 
such as brake equipment, comfort of passengers, lighting, 
ete., and describes in some detail the brake equipment sup- 
plied for the Rapid Transit subway cars. He illustrates his 
paper by numerous photographs referring mainly to the 
New York, Westchester & Boston Railway. 
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RAILWAY SIGNAL ASSOCIATION 


Journal, vol. i9, no. 1, March i9ii, Bethlehem, Pa. 
Tests of Creosote Used in Treating Cross Ties 
Tests of Cross Ties Treated with Creosote (Abstracted ) 
Specifications for Wood Pole Line Brackets 
Specifications for Pole Line Washers 
Specifications for Edison Storage Battery 

Tests Or Cross Tres Trearep with Creosore (215 pp. 
e). Creosote trom Carbondale, Ill, was used. The main 
problem of the test appears to have been to determine 
the conductance of the ties when dry, wet. or containing a 
large amount of common salt. It was found that dry 
creosoted ties in themselves do not possess very high con- 
ductivity, which is not increased to any great extent by the 
addition of a slight percentage of moisture, but the addition 
ot a salt solution brought forth such a great reduction in the 
resistance as to brand the substance as a great detriment to 
successful track circuit maintenance. In this case, 2 lb. of 
salt per tie were applied, which at first sight appears to be 
an excessively large amount, but the accumulation of brine 
from retrigerator cars year after year may mean that the 
residue remaining in the tie may eventually approach the 
amount used in this test. The cross-grain measurement tends 
to prove that the resistance is less with the grain than along 
the year rings or radial lines. 
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196, February 20, 1914, London 
THE Preservation or Woop, A. J. Wallis-Tayler (29 pp., 
12 pp. dg). The author enumerates various methods for 
the preservation of wood and discusses them in detail, re- 
ferring chiefly to American practice and investigations made 
in this country by Mr. Bailey of the Harvard School of 
Forestry. He gives a list of the various processes of wood 
preservation used, with a brief statement of the nature of 
each of them as well as a list of preservative solutions. 


Journal, vol. G2, no. 


The article presents an excellent compilation of material 
on wood preservation in a brief and clear form, but does not 
elaim to include any facts not otherwise published. In the 
diseussion which followed, Mr. J. B. Murray stated that he 
knew of a process which did not affect the appearance of 
the wood otherwise than slightly darkening it and yet gave 
very effective protection against fire. If treated and un- 
treated pieces of wood were applied to a Bunsen burner, 
the untreated wood would burst into flame, but the treated 
piece would not; it would char, but not flame. 

Mr. Wallis-Tayler stated that he believed that one pro 
prietary substance was utilized by the British Post-Ojlice 
authorities for rendering timber fire-proof; it is also odi 
less and a good antiseptic. His experience as an engineer to 
Sir Charles Tennant, on sugar estates in the West Indie~ 
proved that pieces of wood thoroughly impregnated with 
a saccharine solution were practically indestructible so tar 
as rot was concerned; he had, however, no experience in 
the use of saccharine matter for large timbers, although lie 
knows that negroes and coolies dip the handles of their tow!- 
with an object to strengthening them. 
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Journal, vol. 19, no. 1, January 1914, Chicago 


Factors Determining a Reasonable Charge for Publie Utility 
Service, M. E. Cooley 

Testing of Horizontal Low-Head Water Turbines at Eikhart. 
Indiana, Lucius B. Andrus (Abstracted ) 
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The Grand Stand for the University of Chicago, Charles 
Hodgdon 

TestinG Horizonra WaTER TURBINES AT ELK- 
HART, INpIANA, Lucius B. Andrus (54 pp., 18 figs. de). 
The author describes briefly the Elkhart hydro-electrie plant 
in Elkhart County, Indiana, consisting at present of two 
complete water turbine units for driving two 1000 kva. 3 
phase 4 wire 400 volt 60 cycle generator units and one 125 
volt, 1/100 kw. direct current exciter generator with suit- 
able oil pressure horizontal water wheel governors for con- 
trolling the speed of each of the water turbine units. The 
tests of the present machinery were made at Holyoke Water 
Power Company’s plant at Holyoke, Mass. In Holyoke 
there are at present 158 water wheels in use, some of them 


TABLE 3 


COMPARATIVE DATA OF VARIOUS MAKES OF ELECTRIC TRAIN LIGHTING 
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running 10 hours per day and others from Sunday midnight 
Observations 
wheel and the head acting upon it, once a day and once 


to Saturday midnight, or 144 hours per week. 
are taken giving the opening of the speed gate of 
during each night. These data are carefully preserved and 
from them are computed the amount discharged by each 
wheel and by each establishment during the quarter year, 
and what is known as “surplus power” thus shown to have 
been used is paid for at the end of the quarter. 
results in economy in the use of water and prevents the 


This system 


possibility of the use of same by some parties to a greater 
degree than the lawful quantity at any or all times and of 


a disregard of the rights of any other parties. This system, 


however, requires keeping track of the efficiency of the tur- 


EQUIPMENT 


Method Type- 
Single or of Trans- Constant 
Double- posing Current Pole- Method of Method of Type of 
Makers battery Batteries or changing Regulation Adjusting Automatic 
System in Double Constant Device Output Switchgear 
System Voltage 
J. Stone & Double On rever- | Constant Switch arm Slipping belt! Belt tension Mechanical 
Co. sal of ro- current governor- 
tation | operated 
(mechan- 
ical) 
Leeds Forge Single Constant Brush rocker Cam slides | Spring col- Electrical 
Co. current armature lar adjust- 
ing nut 
Mather & Double By hand Constant None re- Armature Field re Electrical 
Platt switch current quired reaction sistance 
Vicars, Ltd. Single | ........ Constant Brush rocker’ Automatic Diverter Electrical 
current rheostat 
Tudor Co... Single! Constant Brush rocker) Counter Diverter Electrical 
current compound- 
ing 
Silvertown. Double Mechanical Constant Governor- Counter Diverter Mechanical 
current operated compound- 
| ing 
Brown- Single Rising Brush rocker) Voltage Adjustment Electrical 
Boveri voltage regulator of regula- 
if lamps lator 
not on 
Dalzie!. Single Constant * | None re- Differential |Rheostat Electrical 
voltage quired exciter and me- 
| | chanical 
Goad... «<< Double * Mechanical Constant Mechanical | Seriesexci- | ........ Mechanical 
voltage | | tation 
| armature 
bucking 
against re- 
ulating 
battery 
Buttner. Single ae Constant None re- Armature Field re- Electrical 
current quired reaction sistance 
Newbold... Single = ..... Constant | Mechanical | Automatic | ........ Electrical 
current rheostat 
Gould..... | Compound Mechanical | Carbon pow-| ..... Electrical 
} der regu- 
lator. Se- 
ries and 


1 Requires 25 per cent more cells on account of hot wire resistance losses. 
‘Pure constant-voltage system. 


shunt 


‘Has one battery as regulator. 


Voltage 
Compensa- 
tion in 
Lamp Cir- 
cuit when 
Charging 


Second hat- 


tery 


Lamps 
across 
fewer cells 

Second bat- 
tery 

Automatie 
rheostat 


Hot iron- 
wire re- 
sistances 

Second bat- 
terv 


Fixed re- 


sistance 


Resistances 


Lamps on 
dynamo; 
battery on 


booster 


Hot wire 


resistance 


Resistances 


Separate 
regulator 


Alteration 

of Com- 

pensation 
when 


Lamps are 


Switched 


None 


Self-com- 
pensating 


None 


Automatic 
rheostat 


Separate 
wire re- 
sistance 

None 


Regulator 
alters dy- 
namo 
volts 

Each lamp 
or group 
of lamps 
on sepa- 
rate re- 
sistance 

None re- 
quired 


Separate hot 


wire re- 
sistance 
Separate 


resistance 


Separate 
regulator 


Alteration 
to Output 
when Main 
Lamp 
Switch is 
Operated 


None 


None 


By field re- 
sistance 

Diverter 
has some 
effect 


By field re- 
resistance 


None 


Regulator 
alters dy- 
namo 

| volts 

| Battery 
charging 
independ- 
ent 


Battery 
| charging 
inde pend- 
ent 


By field re- 
sistance 


By extra 
coil on 
regulator 


Overcharge 


Preventer 
(Type) 
None 


Breaks field 
current 


Adds field 
resistance 
Switches ez- 
tra shunt 

coil to 
main a to 
rheostat 
Adds extra 
fic ld re- 
sistance 


None 


re- 
sistance in 
regulator 
circuit 
None re- 
quired 


None re- 
quired 


Adds extra 
field re- 
sistance 


Shunt coil 
of regu- 
lator 


The charge to the battery is increased when more lamps are switched on 
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bine wheels, and, for the purpose of making the necessary 

experiments on the wheels of their tenants before they are 

set in the mills, the Holyoke Water Power Company has 
built a permanent testing flume, where wheels are usually 
tested at five or six different openings of the speed-gate with 

a final result that, for all practical purposes, the water 

wheel has been converted into a water meter and its dis- 

charge may be known under any of the conditions under 
which it is found in the mill, while its efficiency or value as 

a water meter is also known. 

The Holyoke Water Power Company being titted to make 
these tests at any time, winter or summer, and with many 
tests to make, it can afford to charge only a moderate amount 
for the test. Thus, while formerly the cost of a wheel test 
might readily amount to $2500, it can now be done in the 
special plant at a cost of from $100 to $150. There are, 
however, three factors of the Holyoke test which are prae- 
tically fixed and do not apply to the conditions under which 
the water turbine will necessarily operate in a power in- 
stallation : 

a The head at Holyoke under which the wheels are tested 
may be considerably different from that at which the 
wheels will operate when permanently installed. 

bh The wheels are tested in a vertical position at Holyoke 
and may be erected in a horizontal position when perma- 
nently installed. 

e The length of the drait tube and its form are fixed within 
limits in the Holyoke testing plant. 

The author describes in detail how the present test was 
made, and in particular how the generator efliciency has been 
determined—the test weir arrangements, weir head water 
gagings, and the various weir discharge corrections. He also 
describes in some detail the method of conducting the test 
and taking the readings. In an appendix to the paper is 
given a complete log of the test for a 50 in. horizontal low- 
head water turbine showing that the actual efficiencies come 
within approximately 1.5 per cent of the guaranteed effi- 
ciencies—an unusually good showing for turbines of this 
size. 

As regards the applieability of water turbines for com- 
mercial work, the author points out that owing to the high 
cost of overflow land, as it has to be aequired by the water 
power companies, and with the usual American low-head, it 
will cost about $250 per kw. by the time the development 
is completed. Now on this sum, one must allow at least 6 
per cent interest, 3 per cent for depreciation and contin- 
gencies and 1 per cent for taxes, or a total of 10 per cent, 
equal to $25.00 per year per kw. fixed charges on a water 
power plant, with an attendance cost of about $4.00 per kw. 
per year, or total about $29.00 per year. Now a good mod- 
ern steam plant will have approximately $15.00 manufactur- 
ing costs and $15.00 fixed charges per year, or a total of 
$30.00 per kw. per year. From a monetary standpoint there 
is therefore no appreciable advantage in a water power 
plant as compared with a steam plant, but sometimes as a 
matter of business policy it is preferable to build the water 
power plant first lest somebody should come in later on, 
build it and force you to buy him out in the end. The 
governor used was the one manufactured by the Lombard 
Co. It is not a standard governor, but was made for these 
conditions——a governor head operating the governor ball 
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and admitting the oil to the piston is standard, but the 
piston or the other parts working on the shaft. moving back 
and forth Rteterring to the 
cross section of the Holyoke test tlume, the makers’ guar- 
antees were in this case based on the efficiencies obtained 
from the Llolvoke testing flume. In the Holyoke test the 
wheel is used as a water meter instead ot a water wheel, but 


have not been standardized. 


when the Company finds out how much power a man has 
and how much water is going through the mill, they have 
the figures for the efliciency, and the man who ean get the 
most power out of a certain amount of water is the man 
who sells the most wheels. As a result, different manufac 
turers would change wheels to satisty their eustomers and 
send them down to the Holyoke Company to be tested, but 
this Holyoke test would not necessarily prove what the wheel 
could do when it was in position. For example, a test ol 
a wheel was made at Holvoke where, by shitting it up so 
that four feet were added to the dratt tube length, an in- 
crease in efliciency was secured of 15 per 
additional foot of dratt tube. With right 
ditions, one can therefore obtain a 


cent for each 


draft tube con- 
wheels than can be obtained at Holvoke 
tube conditions there. 


elheiencyv on the 


due to the dratt 


THE SOCIETY OF ENGINEERS 


Journal and Transactions, vol. 3. January 1914, 
London 

Exectric Lignting or Steam Driven Trains, E. Wil- 

burn Seott (22 pp., 14 figs. ed). The paper diseusses the 


electrie lighting of steam driven trains. It gives a brief his- 
torical sketch and the standard requirements tor satistactory 
train lighting system as well as a description of the appa- 
ratus used. As regards the switch regulator, which is a most 
which 
it must comply are stated in the words of Rudyard B. Smith, 
from his paper before the Institution of Civil Engineers. 
The author deseribes in some detail the systems of Mather 
& Platt. Ferguson and Newton. 

He also gives a brief discussion on the management of 


important part of any system, the conditions with 


storage batteries and lamps, and expresses the opinion that 
Tubolite, the svstem of electrie lighting used by shipbuilders, 
is suitable for illuminating railway coaches. In this system, 
which has been adopted on some cars of the Great Northern 
Railway Company in England, the long Tubolite lamps are 
held by means of porcelain holders in the position of maxi- 
mum efficiency relative to a highly polished aluminum re- 
flector. 
the carriage and, by reflection, produces a clear we'l diffused 


The light is directed upward to the white roof of 
light throughout the whole car. There is no direct glare 
and the amount of useful light for a given consumption of 
energy is greater than with the ordinary incandescent bulbs. 


CLASSIFICATION OF ARTICLES 

Articles appearing in the Survey are classified as ¢ eom- 
parative; d descriptive; e experimental: g general; his- 
torical; m mathematical; p practical; s statistical; ¢ theoret- 
ical. 
reviewer. Opinions expressed are those of the reviewer, not 
of the Society. 
quiries for further information in connection with articles 
reported in the Survey. 


Articles of exceptional merit are rated A by the 
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FOREIGN REVIEW AND REVIEW OF THE PROCEEDINGS OF 
ENGINEERING SOCIETIES 


ENGINEERING SURVEY 
THIS MONTH’S ARTICLES 


The Schlotter blower, deseribed in the first section, rep 
resents an attempt to design an efficient high-speed spiral 
blower. The next section, Internal-Combustion Engineeriny, 
contains an abstract of a very thorough investigation on hea 
transmission in the gas engine, in which the author shows 
that the coeflicient of heat transmission is a function of time, 
and diseusses the physical meaning of what he calls the tim: 
element in the coefficient of heat transmission. The same 
article eontaits also interesting data on the subject ot heat 
radiated from a gas at a certain temperature. Arn. Lack 
investigates the problem of the application of erude oil en 
gines for propelling motor vehicles, and, among other things, 
vives brake test data of a Biissing engine designed to be 
used on a military power truck. From the article it appears 
that there is not much chance of automobiles being propelled 
by Diesel engines. Another article gives comparative data 
of tests of a benzole and gasolene engine, showing that the 
former is on the whole more economical and efficient. 

In the Machine Shop section is given an abstract of an 
investigation on thermal processes occurring in cutting 
metals, and on the best speeds of cutting. The investigation 
shows that the eutting pressure per unit of surface is in- 
versely proportional to the cross-section of the shaving: 
that the rise of temperature, for shavings of equal eross- 
section, Increases with the speed of eutting; while the effi- 
cieney of the lathe increases rapidly with increased cross 
section of the shaving. The author discusses also, and ex 
presses by equations, the variation of the rise of tempera 
ture with varying speeds of cutting, as well as the distribn- 
tion of heat in the shaving. 

The next section, Machine Design, contains the first part 
of the abstract on the governing of engines. In the Steam 
Engineering section will be found data of tests on heat trans- 
mission from steam to cooling water, especially interesting 
in that they supplement the paper published in The Jour- 
nal by Mr. Orrok. The author shows that the temperature 
exponent in the equation of heat transmission may vary 
within wide limits; he has also determined the coeflicient of 
heat transmission /, and presented it as a function of the 
velocity of flow of water. The same section contains an exten- 
sive discussion on the subject of safety of watertube boilers, 
and deseribes and analyzes the eauses of several explosions 
of this type of boilers in Germany. The German regula- 
tions for running boilers of different working pressures on 
a common steam piping, and apparatus to be used in sueh 
cases, are stated in the next article. Several articles on re- 
tractory materials will be found in the section Strength of 
Materials and Materials of Construction. 

A method of closing pores on hollow brasses has been de- 
scribed in a paper before the American Society of Naval 
Engineers. J. W. Jackson, before the Institution of Elee- 
trical Engineers, in diseussing the general question of steam 
boilers working in electrical power stations, gives some in- 
teresting information in connection with the modern tend- 
ency to use a smaller superheater placed in a much hotter 


portion of the boiler than was tormerly the practice. The 
Art of Locomotive Staybolts is the subjeet of a paper by 
CU. A. Seley before the New York Railroad Club. When one 
considers that the breaking of a couple of staybolts may 
place an engine, the service value of which is from $25 to 
+100 per day, out of commission for a period of time, one 
easily recognizes the appropriateness of calling the han- 
dling of locomotive staybolts an art. The abstract of the 
paper by D. Landau on the Influences Affecting the Funda- 
mental Detlections of Leat Springs, trom the proceedings ot 
the Society of Automobile Engineers, is a valuable econtri- 
bution to the secant literature of this highly specialized 
branch of engineering, while from the Journal of the West- 
ern Society of Engineers are taken interesting data on field 
and laboratory tests of gunite, cement mortar laid on by 
means of the cement gun. 

Articles appearing in the Survey are classified as ¢ com- 
parative; d descriptive; ¢ experimental; g general; h his- 
torical; m mathematical; p practical; s statistical; t theoret 
ial. Articles of exceptional merit are rated A by the 
reviewer. Opinions expressed are those of the reviewer, tot 
ot the Society. 


FOREIGN REVIEW 

Air Machinery 

THe Scuiorrer (Nchlotter-Geblise, Max 
lowitz, Zeits. fiir Dampfkessel und Maschinenbetrieb, vol. 
37, no. 5, p. 49. 3 pp. 7 figs. d). The author states that 
ior hquids and gases centrifugal pumps have been used 
nearly exclusively, while with helical wheels neither large 
pressures nor economic efficiency has so far been obtained. 
This is all the more regrettable because spiral pumps can be 
very conveniently installed and require much less space than 
centritugal pumps, and also possess important advantages 
in that they are reversible and may be run at high speed. 
It now appears that a German engineer, G. A. Schlotter, 
has succeeded in building a spiral pump which can be used 
as a blower (Siemens-Schuchert Co. in Germany and 
abroad). It consists of a rotor, distributor and a cast-iron 
easing containing the rotor and provided with supports. 
The rotor has five vanes, the pressure surfaces of which are 
pure helical surfaces. In aceordance with the use to which 
the apparatus is to be applied, they may be made either 
of some light metal or of bronze and, when run at high 
speeds, may be reintorced with supporting rings. The dis- 
tributor has from eight to ten blades with a curvature oppo- 
site to that of the vanes of the rotor and, in the ease of 
small units, is made of wrought iron; in larger units, of 
east iron. When gases containing acids are to be handled, 
the rotor and distributor are galvanized, while for hot 
gases they are covered with a fireproof dressing. Ball bear- 
ings are used exclusively, and evidently need to be taken 
out to be cleaned and refilled with grease only once or twice 
a year. When hot gases are being handled, the bearings are 
water cooled. Since a bearing has to be provided in any 
ease to take up the axle thrust, each blower can be used 
either vertically or horizontally and, if desired, can be in- 
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stalled at any angle of inclination. The vanes and dis- 
tributors are shown respectively in Figs. 1, A and B. 

The action of the blower is as follows: it gets air by sue- 
tion trom a semi-spherical zone, as shown in Fig. C, and 
presses it into a close bundle of vanes, easily rotating and 
converging toward the axis. The approximate path of 
stream lines is indieated by arrows and it must be observed 
that the air particles in their flow do not remain in the same 
section of the axis but perform a rotary motion all around 
the axis. Hence in the passage of air, shocks and eddies are 
avoided as much as possible, and practically all the energy 
applied at the driving end, with the exception of unavoid- 
able losses due to friction in the bearings and air friction, 
is utilized in the normal operation of the engine. This 
blower theretore shows, under favorable conditions, a maxi- 
mum efficiency of 80 per cent or more. The author con- 
siders it a very happy idea that a pressure piping or very 
flat diffusor is added under the blower, since the kinetie 


Suction Ring 


energy of the air can be transformed into pressure when 
leaving the diffusors. When a short exhaust angle is added, 
the exchange efficiency of the apparatus falls. Still more 
important, however, than the maximum efficiency of the ap- 
paratus is the fact that the efficiency curve of the blower 
is very flat, so that its construction produces an unusually 
high efficiency through wide ranges of loads from the high- 
est back pressure up to free outflow. 

For purposes of comparison two curves are given in Fig. 
D, one for the Sehlotter blower (Curve a) and the other 
for a well-known centrifugal blower (Curve b), for the 


ratio “e where hy = oe 


the cross-section of outflow and h is the total pressure pro- 
duced by the blower. The construction of the blower per- 
mits it to be used for handling air and gases of any tem- 
perature as well as for handling gases containing dust and 
shavings. It is to be recommended particularly for places 
where saving in space and power is important and lower 
weight and easy installation considered to be of value. 


is the dynamic pressure head in 
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The article does not give any numerical data of tests be- 
yond the curves shown in Fig. D. 


Internal-Combustion Engineering 

Heat TRANSMISSION IN THE Gas ENGINE (Der Wérmeii- 
bergang in der Gasmaschine, W. Nusselt. Zeits. des. Vereines 
deutscher Ingenieure, vol. 58, nos. 10, 11, 12, Mareh 7, 14, 21, 
1914, pp. 361, 414, 459. 13 pp., 13 figs. etA). In consider- 
ing the eyele of a gas and oil engine, one is forced at the 
present time either to neglect entirely the heat exchange be- 
tween the gases and the cylinder walls or at least take care 
of the expansion and compression element by assuming a 
polytropic shape of the curve. The purpose of the present 
investigation was to gain a clearer insight into the working 
processes of the internal-combustion engine and to investi- 
gate more thoroughly the laws of heat transmission from the 
hot gases of combustion to the cool cylinder walls. The au- 
thor decided to divide the heat exchanged into that exchanged 


EFFICIENCY, PER CENT 
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Where ha = tH 
29 
and hk is the Total Pressure Produced by the Blower 


= the Dynamic Pressure Head in the Cross-Section of Outflow 


Fic. 1 Scuiorrer 


by radiation and that given up to the walls by eonvection 
and to establish for each case the corresponding laws, first 
determining in particular the influence of the gas tempera- 
ture, surface, area, gas density and the composition of the 
gas. These tests were purposely not carried out in a gas 
engine, since experience has shown that an investigation of 
phenomena as complicated as those present in a practical 
gas engine does not permit of establishing a clear connec- 
tion, such as would lead to the determination of a natural 
law. It is only by breaking up the entire phenomena into 
their composite parts and investigating the latter in special 
apparatus with that precision which is used in physical de- 
terminations, that one can gain the knowledge of the facts 
which admit of a general application. The author further 
explains that his experiments will give data practically ap- 
plicable for all those technical installations where the cool- 
ing of hot gases is of importance, for example, heating ap- 
paratus, steam boilers, locomotive boilers, metallurgical fur- 
naces, blast heaters, ete. 

The main result of his investigations is expressed by the 
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author in the fcllowing postulate: 7he coefficient of heat 
transmission is a function of time; that is, if a certain 
amount of gas is enclosed in a vessel, the walls of the vessel 
remain cool and heat is brought into the gas (for example, 
by combustion), the instantaneous coefficient of heat trans- 
mission during the period of cooling depends not only on 
the temperature of the walls, temperature of the gas, com- 
position of the gas and its density, but also on the time which 
elapsed after the beginning of the cooling. The shorter the 
time. the greater is the coefficient of heat transmission, all 
other quantities being equal. It, in a diagram, a coellieent 
of heat transmission be plotted over the gas temperature, a 
curve will be obtained which goes down with the decrease 
of gas temperature and approaches a final limiting value. 
If, in another experiment, the same gas be heated to a cer- 
tain lower temperature, the curve in the new experiment 
begins not at the point which belonged to that temperature 
in the curve of the first experiment, but at a point of a 
higher coefficient of heat transmission. For the second ex- 
periment a curve is obtained which in the first part of the 
cooling period, lies above the curve of the first experiment. 
During the cooling, however, the two curves approach each 
other and finally coincide entirely as shown in Fig. 2A. 
Further, the sake of the coefficient of 
heat transmission is divided into that of radiation and of 


for illustration, 


conduction (Fig. B), which shows that gases radiate heat 
at a pretty low temperature and the heat first radiated may 
be compared with that of conduction. 

The conception of heat transmission is further thus eluci 
dated by the author: As initially introduced by Newton, it 
was defined by the equation dy = a F (t, — t.) dz where 
dq is the amount of heat given up by a body in the time 
dz while F is the area of the surface, t, the temperature of 
the surface and t, the temperature of the gas; a is also the 
amount of heat which a unit area of surface of a body gives 
up in a unit of time when the temperature difference between 
its surface and the gas is 1 deg. cent. The temperature ot 
the surface is here assumed to be constant while the tem 
perature of the gas is not the same at different points with 
respect to the body which requires its temperature to be spe- 
cially determined. If the body undergoes the process of 
cooling In a gas mass, the space contents of which is large 
as compared with its volume, the gas particles are heated by 
it; they travel upwards along the surface of the heating body 
and, when they escape trom the close proximity to the heated 
body, give up their heat by convection to other gas particles. 
Thereby a stationary temperature field is obtained, in that. 
along a line passing through the gas mass and starting from 
the surface of the heating body, the temperature, which at 
the start of the line, is that of the heating body, gradually 
decreases until it becomes independent both of the distance 
from the heating body and of the direction of the line. The 
stationary field temperature is to be supplied for t, in the 
above formula and is equal to the temperature of the sur- 
rounding medium. This determination of t, is therefore based 
on the assumption that the external, rigid limiting surface of 
the gas mass is large as compared with the surface of the 
heating body, so that differences in temperature potential at 
that limit may be neglected. 

As a result the temperature of the gas in the neighborhood 
of the heating body must not be considered as equivalent to 
t,. The outer shell of the gas may be considered as having 
shrunk together and reached a magnitude comparable with 


that of the surface of the heating element. Then the above 
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established constant temperature ¢, disappears and in addi- 
tion to the size of the enveloping surtace, the location of 
the heating element with respect to that envelope acquires 
an important bearing on the heat transmission. The scien- 
tifieally correct conception of the problem is made mate- 
rially more difficult in this way. The influence of the shape 
and mutual position of the gas mass and the heating ele- 
ment requires, in carrying out experiments, an exact indica- 
tion and competent selection of this magnitude. 

If the surface of the enclosed body and its envelope are 
of the same magnitude, then, in order to make the experi- 
mental data applicable for technical purposes, two ways of 
formulating these data can be adopted: One way is that the 
heat is given up to the gas in accordance with the above 
equation by assuming « = 2,, and then from the gas to the 
envelope under the assumption of this latter process being 
earried on with the coefficient of heat transmission «,, the 
envelope having an area F’, and a constant surface tempera- 
ture of t,. If then ¢, is the temperature of the heating body 
and ¢, the gas temperature, then in the stationary state 


if t, be eliminated, the heat exchange per unit of time is 


K (t, t.) (t, [2 
i 1 


a,F, oF, 

Another conception may also be used, namely, by apply- 
ing the Fourier theory of heat conductivity. If the gas does 
not expand with temperature and if the coefficient of heat 
conductivity of the gas is }, then 

= f(e)A(t, — ¢,)......... [3] 
Here f(e) is a linear magnitude which may be obtained by 
an integration of the Laplace differential equation with con- 
stant limits. The convection may be taken care of by in- 
serting, instead of 4, a coefficient of heat conductivity de- 
termined by special experiments and being in the first place 
a function of the shape of the limiting areas of the gas mass. 

The first method of procedure is in most-cases more prac- 
tical, since it gives values which are less apt to vary in dif- 
ferent cases. It requires, however, the determination of the 
gas temperature ¢t, since even if in formula [2] ¢, is finally 
eliminated, the values of 2, and +, still depend on it. Here 


again there are two possibilities: First, 


where dv is a volume element, v is the total volume and ¢ the 
local temperature; or t, may be defined as 


t. + 273 = GR P 
where the integration is made over the gas weight G. In 
this equation p is the gas pressure. 

These two definitions are, of course, not identical and dif- 
ferent coefficients of heat transmission are obtained when 
one or another of these equations are used. The method of 
measuring the gas temperatures determines the selection of 
one or another of these definitions. If the temperature is 


measured by means of a thermometer, integration over 
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space will be used, and such method was used by the author 
for the determination of the coefficient of heat transmission 
in a tube. If, however, the average temperature is caleu- 
lated from the pressures, the second definition has to be 
used as was the case in the experiments described below. 
The average temperatures in both cases will be found to be 
nearly equal. 

The article describes in full the arrangement, apparatus 
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Fic. 2. Heat TRANSMISSION IN THE Gas ENGINE 


and methods used by the author in his tests, and gives the re- 
sults obtained in the form of tables and diagrams. Fig. A 
shows curves obtained from four experiments for the deter- 
mination of the coefficient of heat conductivity, these curves 
being plotted in functions of absolute gas temperature. 
These experiments have been so arranged that after com- 
bustion, there should be present the same gas mixture of 
the same pressure at 15 deg. cent. temperature. This 
gas consists mainly of equal parts of carbon dioxide and 
carbon monoxide. Owing to different contents of carbon 
dioxide before combustion took place, different temperatures 
of combustion have been obtained, to wit, 2114, 2413, 2820 
and 3141 deg. absolute. The cooling of the gas starts, there- 
fore, at these different temperatures, and in each experiment 
it was found that as the cooling of the gas goes on, the 
coefficient of heat conductivity decreases. 

An inspection of Fig. A shows that the older conceptions 
of the independence of the coefficient of heat conductivity 
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trom temperature and its proportionality to the difference in 
temperatures (in this view it was assumed that the amount 
of heat exchanged was proportional to the square of the dif- 
ference of temperatures) are not correct, and the actual law 
appears to be far more complicated. A striking phenome- 
eal. 
non is the strong alteration from 370— at the 

ur. uv deg. cent. 

eal, 

beginning of cooling te 7 ————— 
ur. mv deg. cent. 


test. In aceordance with the views held hitherto. one 


at the end of the 


would expect that the curves representing the relation 
between the coeflicient of heat conductivity 2 and the abso- 
lute temperature 7 would coincide in all the four tests, that 
is, that for the same average gas temperature, the coefticients 
ot heat conductivity would be similar. Below 1700 deg. 
cent. this is actually the case and the diagram shows prae- 
tically the same curve for all the four tests. 

During the process of cooling the curve of coefticient of 
heat conductivity obtained from a test starting with the 
lower temperature of combustion, approaches that of the 
first test, in order to coincide with it at about 2000 deg. cent. 
The same happens in the case of the two other tests where 
still lower temperatures of combustion have been used. The 
author derives from this a new functional law which he 
calls dependence of coefficient of heat conductivity on time. 
If a gas be enclosed in a vessel, suddenly raised to a high 
temperature, and then allowed to cool through the walls of 
the vessel, one may obtain in the diagram for various gas 
temperatures a bundle of curves which has a certain en- 
velope. In the beginning of the cooling the eurve of heat 
transmission lies over the envelope. It approaches it dur- 
ing the cooling and coincides with it after a certain period 
of time for the rest of the duration of the test. 

The author, therefore, divides the coefficient of heat con- 
ductivity into the two components. One member goes down 
to the envelope curve and for its magnitude depends on the 
composition of the gas, its density, gas temperature, tem- 
perature of the wall and shape of the vessel. The second 
component les above that curve and in addition to the 
above mentioned independent variables, depends also on the 
time which elapsed since the beginning of the test. It is 
therefore called the time member and with the lapse of time 
gradually approaches zero value. In order that it should 
come into action it is necessary that some process, variable 
with time, should take place, that is, in some one spot the 
gas temperature should vary relatively to the rigid, heat 
exchanging wall. Since after a certain period of time, 
reckoned from the beginning of the experiment, the time 
element becomes equal to zero and the gas temperature 
acquires therefore a certain definite value independent of 
the initial temperature, it follows that the member which is 
independent of time is also a coefficient of heat transmission 
for a certain state of gas in which the gas temperature re- 
mains stationary. It is the intention of the author to de- 
termine this point later by special experiments. 

The author goes further into a detailed discussion of the 
physical meaning of the time member. He bases his values 
on the Fourier fundamental law of heat conduction and 
applies his theoretical conceptions to the numerical econsid- 
eration of an idealized example. (This part is not suitable 
for abstracting.) He proceeds then to the consideration of 
the separation of the heat transmission into two elements: 
heat transmission by radiation and by conduction. To do 
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this he proceeds in the following manner. With the same 
gas mixture two tests were made in the same bomb, the sur- 
face of which consisted in one case of a black material and 
in the other case of bright gold. At high temperatures, for 
the same gas temperature different coeflicients of heat trans- 
mission have been obtained, while at low temperatures they 
were equal in both cases, which indicates that at high tem- 
peratures a certain amount of heat is radiated from the hot 
gases comparable with the heat taken away by conduction. 
Owing to the smaller absorption capacity for heat rays which 
bright surfaces possess, only a traction of this radiated heat 
has been absorbed by the surface in that case while the 
black surface absorbs practically the entire radiation. 

In order to be able to caleulate from the difference of the 
coetlicients of heat transmission the amount of heat radiated 
from the gas at a certain temperature, it is necessary to 
know the absorption capacity ot the black and gilt surtaces. 
This was determined by a special series of tests which 
showed that the absorption capacity of a surface is a con- 
stant. Since, however, with the temperature the composition 
of the black radiation varies, it follows, from the facet of 
the absorption capacity being constant, that the absorption 
capacity of the gold surtace did not vary with the wave 
length of the radiated heat, which made it possible to ap 
ply the values of the absorption capacity thus obtained in 
the explosion experiments described elsewhere. This being 
known, one has at hand all the information necessary for 
separating the coetlicient of heat transmission into radiation 
and conduction scientifically without gratuitous assumptions. 
In Fig. B the coeflicient of heat transmission taken from 
an experiment with the black surtace has been plotted to 
seale with the absolute gas temperature as abscissae and 
divided into its component parts. 

At the beginning of the tests the coefficient of heat trans 
mission breaks up into three parts: the time element, the 
heat radiation and stationary heat conduction. After a cer- 
tain period of time, the time element becomes zero so that 
the coefficient of heat transmission consists now of only two 
components, radiation and stationary conduction. A proof 
of the correctness of this conception may be seen in the fact 
that the radiation element may be represented by the ultra 
red waves of the natural period of frequency of a gas and 
that the remaining conduetion obeys certain laws of heat 
conduction. The author proposes later on to give an an- 
alytical expression of these various elements. 


Use or Diesen vor Drivixc Motor Cars (Div 
Anwendung des Dieselmotors fiir den Antrieb von Motor- 
wagen, Arn. Lack. Der Motorwagen, vol. 17, no. 8 p. 165, 
March 20, 1914. Serial, not finished. e). The endeavor 
to replace in the automobile the present gasolene motor by 


me 


some other type of oil engine is found mainly in those coun- 
tries in which the price of gasolene has risen very much or 
where its supply comes mainly from abroad. There are 
quite a large amount ef fuels to select from, such as benzol. 
kerosene and the other products of distillation of crude oil, 
as well as oil residues with specifie weight of 0.83 to 1, in 
addition to which come the middle weight products of distil- 
lation of lignite, tar oils, gas coal and paraflin oils. Heavy 
lignite and coal tar oils are the last which ean be consid- 
ered for use in power wagon engines, since these oils do not 
easily burn without the addition of some more inflammable 


material and are especially difficult to handle at low tem- 
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peratures. Further, tar oils are, as a rule, very viscous and 
their delivery to the tuel pumps and cylinders of the en- 
gine presents quite considerable difliculties. 

Still more diflicult than the question of fuel is that of 
the selection of a system of combustion and type of engine, 
The combustion may occur, of course, on the explosion 
cycle, Diesel cycle and middle pressure cycle lying between 
the two former, while the supply of fuel to the working 
cylinder and its distribution there may oceur in an explosion 
engine by means of a carburetor or vaporizer, in the Diesel 
and middle pressure engine by an atomizer assisted by either 
the working air itself or a special source of air blast, or 
finally by means of proper mechanical atomization. The 
ignition may be either electrical or hot bulb in the explosion 
motor and due to the heat of compression in the Diesel type. 
The fuel supply in the automobile type of engine, if neither 
carburetor nor vaporizer are used, is rendered rather dif- 
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ficult on account of the high speed of the engine, while if 
a special blast of air for the atomization of fuel is used, 
the construction of the air compressor, which, being of 
small dimensions, has at the same time to run at a high- 
speed, presents also peculiar requirements. 

The above shows that the designer of the erude oil type 
of automobile engine has a fairly wide field to select from. 
He has, however, to consider certain special conditions, sneh 
as, for example, weight. Even if very high pressures may 
be admitted in the design, it is hardly possible to construct 
an engine of the Diesel type of as light weight as the stand- 
ard automobile engine on account of the very high strains 
used in the former type. It appears that a greater saving 
in weight may be effected by using as high a speed of revo- 
lution or as high piston velocities as possible rather than by 
cutting down the weight of the machine parts. The oper- 
ating conditions of the automobile engine are also more ex- 
acting than those of the Diesel engine type, first, because 
the engine is only poorly protected from the action of dirt 
and dust, and second, because it is only in exceptional cases 
that it has competent attendance. 

The present investigation takes up the possibility of the 
applhiation of the Diesel engine on automobile power trucks, 
and several considerations point to the conclusion that one 
may expect its application rather on the power truck than 
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ou the passenger autemobile, where the Diesel engine must 
satisfy the following requirements: high economy due to 
the use of a good engine burning cheap fuel, and independ- 
ence from atmospheric conditions. The engine must be 
such as to be safely handled by a man of little technical 
knowledge, and must be therefore of simple and rugged con- 
struction and must have all the parts subject to great wear 
easily exchangeable. On the other hand, the power truck 
engine does not have to develop as high a speed as the 
passenger automobile and its weight may be somewhat 
larger, while it must also be able to develop a large starting 
torque. The author compares, in the curves included in the 
article and partly reproduced in the present abstract, the 
power truck and automobile engines using gasolene and ben- 
zol and the old engines working on the Diesel evele. He 
gives in curves the results of tests of a power truck engine, 
two automobile engines and two Diesel engines. 

Fig. 3 gives brake test data of a Biissing power truck 
engine, such as may be used in military trucks, the tests 
being made both with gasolene and benzol. This engine 
has not been designed to run at a high speed, as may be 
seen from the rapid falling off of the average piston pres- 
sure, which occurs when the number of revolutions is in- 
creased. Its normal range of speed is from 350 to 1100 
r.p.m. Its mechanical efficiency is high and at the above 
speeds varies from 88.5 to 85 per cent; its fuel consumption 
is comparatively low. The weight of the engine for 35 
effective h.p. normal output is only 330 kg. (696 Ib.). The 
author also gives curves showing test data of a Renault and 
a high-speed Benz racing automobile engine, in which all 
friction losses are reduced as far as possible by proper 
design. The latter is a special type of engine where ex- 
traordinary measures have been taken to raise the specific 
output; its mechanical efficiency varies from 91 to 81 per 
cent, while the average piston speed exceeds 12 m. per see. 
Other curves show results of tests on a 5-h.p. small Diesel 
engine built by Diesel and Company in Munich. The aver- 
age indicator piston pressure in this engine, at a speed of 
800 r.p.m., goes up to 9.12 kg. qem., which in this type of 
engine corresponds to a considerable load. The mechan- 
ical efliciency at 600 r.p.m. was only 58 per cent and at 
the average piston velocity of 5 m. per see. (9.8 ft. per sec.) 
only 66 per cent, not including the power used in the air 
compressor. This efficiency is low as compared either with 
the automobile engine or with the normal type low-speed 
Diesel engine, and the fuel consumption is invariably 
affected by this fact. The weight of this small Diesel engine 
was for the purely motor parts 150 kg. (370 Ib.) and with 
the accessories 360 kg. (790 Ib.). A 30 effective h.p. en- 
gine has been built for automobile use on the same lines 
as this small engine working on the four-stroke cyele. It 
is now in the German Museum in Munich and its tests have 
not given any very encouraging results. 


Tests OF GASOLENE AND BeENZOL ENGINES (Versuche an 
Benzin und Benzol-maschinen, Ph. Stauf. Zeits. des Bay- 
erischen Revisions-Vereins, vol. 18, nos. 1, 2, 3, pp. 1, 15, 
and 23, January 15 and 31, and February 15, 1914. 7 pp., 9 
figs. de). The investigation was made to determine the com- 
parative properties, such as efficiency, fuel consumption, eon- 
sumption of cooling water, ete., of a gasolene and a benzol 
engine, the main results of the test being present in Table }. 
From this it appears that the benzol engine came out better 
than the gasolene engine, although it must be borne in mind 
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Nevertheless the table 
of tests vo a small benzol engine published in the same pe- 
riodical, Page 60, 1908, would appear to indicate that the 


that it was also considerably larger. 


fuel consumption in the benzol engine was generally better 
than in the gasolene engine, owing to the higher compres- 
It appears that even in 
the 10-h.p. benzol engine test in the present case, compres- 


sion pressure used in the former. 


sion pressure was not high enough and therefore its fuel 
consumption was comparatively too large. As regards the 
fuel cost per unit of output in Germany the price of gaso- 
lene was assumed to be 38 marks per 100 kg. and that of 
benzol 30 marks, while the consumption at 4%, %4 and full 
load was in the case of the gas engine 470, 370 and 320 
grams per effective h.p-hr. respectively, and those of the 
benzol engine. 400, 300 and 270 grams. In accordance with 
this, the fuel cost in the first place is taken at 18, 14 and 12 


ptennigs per eftective h.p. and in the second case at 12, 9 
and 8 pfennigs. These figures are of course only general, 


since they would vary with the state of the engine 
market price of the fuel. 


and the 


Machine Design 

On GOVERNING or ENGines (Uber Kraftmaschinen-Rege- 
lung, M. F. Gutermuth. Zeits. des Vereines deutscher Inge- 
nieure, vol. 58, nos. 11, 12, 13, pp. 408, 441 and 497, Mareh 
14, 21 and 28, 1914, 15 pp., 28 figs. etA. Abstract not fin- 
ished; will be continued in a future issue). The theory of 
the governor process shows that when the resistance of en- 
gines varies, the variations in the load and changes in the 
velocities produced thereby depend not only on the degree 
of irregularity and sensitiveness of the governor, but also 
on the resistance to displacement of the actuating gear, 
and are further materially influenced by the regulation 
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properties of the type of engine under consideration, that 
is, whether it is a Steam or gas engine, Diesel engine, steam 
or water turbine. Further, there is the influence of the mag- 
nitude of rotating masses and, in the case of multiple ex- 
pansion steam engines, that of the receiver steam also; in 
addition, the governing of engines is also dependent on the 
kind and type of the variations of resistance, which is, for 
example, in the case of mechanical transmission, materially 
different from that in electrical operation. In the latter 
ease, the governing process is affected also by the type of 
dynamo (whether direct or alternating current) and by the 
changes in the electrical state of the dynamo which oecur 
when the load is varied, and which produce a certain elec- 
trical regulation, in its turn differing with the electrical ex- 
citation of the dynamo and the way it is connected with the 
lighting net (with or without storage batteries). This mani- 


Rom 


fold dependence of the action of the governor or the system 
and operating conditions of the prime mover determines the 
variable behavior of a governor under similar alterations 
of load in different practical cases, which often makes nec- 
essary a time-consuming adjustment of the governor and 
empirical testing of its action. The present investigation is 
devoted to this problem. The tests were made mainly on a 
horizontal compound steam engine with a bore of 300 to 
450 mm. (11.8 to 17.7 in.) and stroke 600 mm. (23.6 in.) 
with a Kuchenbecker valve gear on the high-pressure cylin- 
der and a piston valve of the Wheelock type on the lower 
side of the low-pressure cylinder. The average speed was 
110 r.p.m.; from the flywheel, by a belt transmission, was 
driven a Sehuchert shunt direct-current, 140-volts dynamo 
which together with the storage battery, supplied current to 
the lighting net of the college buildings. Comparative tests 
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ot the action of various governors have not yet been com- 
pleted, and the present tests have been carried out witli the 
Steinle-Hartung weighted governor, the mass and weight de- 
tails of which can be seen from Fig. A. The governor shaft 
was «riven by a bevel wheel gear with a ratio of transtfor- 


mation of 15 to 11 so that its speed was 100 « ” or 150 


r.p.m. 
For loading the electrical generator a large resistance of 
constantan wire was used which at maximum load took 500 
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amperes at 140 volts, a special switch being provided for 
varying the load within any desirable limits by a single 
movement of a handle. In certain tests the storage battery 
which served for lighting the high school was also placed in 
cirewt. In all tests the engine had been in its normal state 
of operation before the alteration of load took place. As a 
rule the exchange between the work put in, taken out and 
consumed in the flywheel‘ during the period of regulation 
does not fundamentally differ from that during the normal 
operation of the engine but during the variation of the load 
the comparatively large difference between the work put in 
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and that taken out leads to correspondingly large variations 
in the kinetic energy of the flywheel masses and thereby to 
large variations in the peripheral speed and number of rev- 
olutions. Figs. B, C and D show the relation existing be- 
tween the crank peripheral speed, indicated steam power 
and electrical power taken out, for a single revolution, be- 
fore, during and after the variation of the load, while the 
amounts of work contained in, and discharged from, the fly 
wheel masses are represented by sectioned areas, the corre 
sponding speed alterations being shown in the wave-shaped 
speed diagram. The abscissae represent the crank paths or 
time in seconds and the ordinates output in kilowatts, so that 
the work areas represent kw. per second. The velocity ordi- 
nates represent the number of revolutions per minute. Dia- 
gram |, Fig. B, refers to a revolution during the normal 
state of operation of the engine previous to the variation in 
load, while diagram II shows what happened after the 
change in load. The positive and negative work areas on 
the diagram are respectively equal during one and the same 
revolution and the speed curves show the oscillation, rhyth- 
mically following one another and thus exhibiting the de- 
gree of irregularity 3, of motion, the average peripherical 
velocity being greater after the reduction of load that it was 
before. This variation in speed determines the degree of ir- 
regularity of the governing 4,. Fig. represents the va- 
riation of indicated output, resistance and peripheral speed 
for two working periods occurring under the influence of 
the governor: the first diagram for the period of increas- 
ing and the second tor that of decreasing average speed. 
These diagrams differ from those obtained during the normal 
period of operation in that there is no equalization between 
the work of the steam and the resistance work, and, on the 
contrary, in diagram C the first predominates and in dia- 
gram D the second. The equalization of work occurs through 
the variation in the kinetie energy of the flywheel masses, 
the average speed of which decreases with excessive work of 
resistance and increases when the work of the steam is exces- 
sive, as may also be seen from the velocity diagram. As 
regards the degree of precision in the determination of these 
details of the complicated governor process, it must be 
borne in mind that the error of observation and measure- 
ment in the determination of electrical output, when prop- 
erly calibrated instruments are used, is only very slight, but 
may be considerably larger with respect to the indicated and 
effective steam output. Errors of at least 1 per cent are 
possible in the measurement of the indicator diagram by 
means of a planimeter, and in addition, there is the possi- 
bility of discrepancy in the calibration of the indicator 
spring, so that the maximum accuracy of the measurement 
of the indicator output cannot be assumed to be closer than 
2 per cent, while it may be still less exact for small cutputs. 
The mechanical efficiency of the steam engine is further in- 
fluenced during regulation by the variable speed of revolu- 
tion and abnormal distribution of steam between the high 
and low pressure cylinders which occur at such times. 

As regards the diagrams of lift of sleeve and the regulat- 
ing power of the governor (Fig. E,), it may be remarked 
that even during the normal operation the governor does not 
remain stationary but keeps up a series of little jerking mo- 
tions which are, however, independent of the speed of ‘rota- 
tion of the crankshaft, and out of accord with those which 
would theoretically be expected. 
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These irregular or jerking motions of the governor, as 
one may be inclined to assume from their periodical occur- 
renees, may be rather ascribed to forces acting intermittently, 
and caused by the play in the wheels of the governor and 
actuating gear shaft drives and back pressure exerted by the 
steering gear drive on the governor. These periodically re- 
curring variations in the adjusting gear can affect either 
taverably or unfavorably the regularity of the governor dur- 
ing one governor operation. The following methods were 
used to determine the influence of the separate action of 
each of these elements during the normal operation of the 
experimental engine: In order to determine the influence of 
the governor drive on the sleeve motion, the steering gear was 
held rigid while the governor was allowed perfect freedom 
of motion. On the other hand, to determine the influence of 
the return back pressure of the steering gear, the governor 
was held rigid while the steering gear was given freedom 
of motion. The diagram of the sleeve motion, Fig. E., with 
the steering gear held rigid, shows a certain regularity of 
action which may be seen in the fact that after each 11 turns 
of the erank, there occur equal periods of oscillation, evi- 
dently due to the ratio of transmission of the governor drive 
being 15 to 11, while the same pressure in the teeth occurs 
after each 11 revolutions of the steering gear shaft. It ap- 
pears, therefore, that the oscillation phenomena connected 
with the steering gear drive shaft and governor spindle are 
caused only by the inexactness of the cut of teeth or wedg- 
ing of gear wheels, since otherwise, that is, with an abso- 
lutely uniform gearing, the periodically occurring difference 
in the transmission of motion would not take place. As far 
as the work of adjustment is concerned, it does not appear 
to be affected by the frictional resistance of the governor and 
its adjusting gear, but its degree of irregularity is corre- 
spondingly reduced and depends only on the resistance to 
adjustment of the steering gear, if the mass action of the 
governor be considered as having constant influence. The 
back action of the steering gear obtained with the governor 
held rigid and steering gear free, as shown in the curve (Fig. 
E,), appears to be of secondary importance as compared 
with the influence of the governor drive. It soon produces 
very slight (though regularly occurring with each revolu- 
tion) jerkings which cause a temporary sluggishness in the 
adjusting motion. Fig. F represents the variations in elee- 
trie potential and current, speed of rotation, sleeve motion 
and tension in the governing rod which occur when the load 
on the engine is suddenly reduced from 42 to 12.6 kw. The 
mutual relations between the amount of power put in at the 
steam end and that taken out electrically, as well as the va- 
riations in velocity during the process of reduction of load 
are shown in the diagrams of Fig. G, where the steam out- 
put is determined from indicator diagrams. In considering 
the eurves of the governor process shown in Fig. G, of first 
importance is the mutual variation of the average steam 
output and electrical resistance during the erank revolu 
tions which follow one another. In this diagram, the loss 
of the steam engine and dynamo are subtracted from the 
ordinates of the eurve N, which shows the indicated output; 
the curve N, is thus obtained representing the effective or 
useful steam output required for the generation of the elee- 
trical output N.,. Since during the process of load altera- 
tions the two amounts of output do not coincide, sometimes 
the steam output and sometimes the electrical output pre- 
dominating, the amounts of excessive power which are shown 
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by the sectioned areas must be either taken up or given out 
by the flywheel masses, a process which determines the mag- 
nitude and kind of the average speed alterations as indi- 
cated in the lower curve in Fig. F. The two output curves 
N, and N,, characterize to a certain extent the process of 
variation of the work put in and taken out, the difference 
in which causes the variations in speed during the change in 
load, while equalization can occur only when a new state o! 
normal operation is established. Side by side with these varia- 
tions in speed which determine the degree of sensitiveness ¢, 
of the governor, and disappear after a certain small or large 
number of crank revolution, there are also variations in ve- 
locity which are caused by the variations of tangential force 
acting on the crank and which determine the degree of irreg- 
ularity 6, of the crank shaft and flywheel, and which ap- 
pear as continually occurring variations of the periphera! 
velocity under all conditions of operation. As regards fur- 
ther the steam and electrical output during the process of 
regulation, one may state that within the limits of the degree 
of irregularity of the governor 3, the variation of useful 
steam output may be directly determined from the curve ot 
the sleeve lift and of the speed, while the variation in the 
electrical output with the system of loading such as repre- 
sented here may be determined directly from the velocity 
curve. 
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On Heat Process Occurring 1x Curting METALS, AND 
Best Speeps or Currixe (Uber die Wdrmevorginge beim 
Spanschneiden und die vorteilhaften Schnittgeschwindig- 
heiten, H. Friedrich. Zeits. des Vereines deutscher In- 
genieure, vol. 58, nos. 10, 11, 12, pp. 379, 417, 454, March 
7, 14, 21, 1914. 14 pp., 22 figs. etA). The present inves- 
tigation was proposed to cover the heat phenomena in cut- 
ting metals and their relation to the most advantageous speed 
of cutting. The investigation was started partly along the- 
oretical lines and partly practical. The theoretical part cov- 
ered (a) the derivation of an equation expressing the most 
advantageous speed of cutting from its functional relation 
to the heat distribution in the metal cut and the tool used; 
(b) the derivation of the equation for the most advantageous 
speed of cutting on the basis of the temperature of the 
shaving, and (c) the comparison of similar heat processes 
The practical part of the investigation covers tests for the 
determination of the constants of materials, as well as brake 
tests and tests of high-speed lathe with multistage gear 
drive tests, cutting speed, and the testing of the material 
used; further, heat determinations at equal cross-section of 
shaving and variable speed of cutting, and at a normal speed 
of cutting and variable cross-section of shaving. 

The importance of the heat process in the cutting of 
metals did not become really serious until the introduction 
of high-speed steel. In the cut of metals, one may distin- 
guish the action of the tool and of the piece eut and the 
motion phenomena in the material cut, the resistance occur- 
ring thereby, the power used, and the heat process. The 
first and second classes of phenomena have been sufficiently 
investigated while the pressure used for eutting a shaving 
of certain dimensions and the heat developed therein have 
not yet been sufficiently investigated. The action of the tool 
on the piece of metal machined consists in upsetting, bend- 
ing and cutting of the material of the shaving. The stresses 
in the material which take place during these processes are 
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theretore comprised of compression bending and shear 
stresses. In addition, there is the wedge action of the tool, 
the friction of the cutting edge, back edge and breast part 
of the steel which depends on whether the cutting edge must 
press into the material or whether the shaving breaks off 
from the metal piece before it comes in contact with the 
cutting edge of the tool. Since it is impossible to treat 
theoretically the resistance to cutting, under the considera- 
tion of all these influences, one has assumed hitherto that the 
specific resistance to cutting for a given material is invari- 
able, which is, however, untrue as shown by experiments of 
recent date. This makes it necessary to investigate the 
power used in cutting the shaving in connection with the 
heat processes occurring thereby. 

In experiments on resistance to cutting it was found that 
the cutting pressure per unit surface of the cross-section 
of the shaving is not invariable and that it becomes smaller 
when the cross-section of the shaving becomes larger, or that 
the consumption of power for a given amount of shaving is 
smaller when the shavings are thick than when they are fine. 
This might be derived also from the following consideration. 
It a piece of metal is to be cut into small shavings, and 
another piece is to be cut first into thick shavings and then 
into fine ones, in the first case there is only the labor of cut- 
ting, while in the second case there is both that of cutting and 
of splitting, and one may therefore assume that for an equal 
amount of shavings the work of cutting is not the same in 
the case of fine or thick shavings. The specific pressures of 
cutting can therefore also not remain constant. The work 
of eutting per unit quantity of shavings is the larger the 
greater the area of surface cut off, or the surface produced 
by splitting. If the work of eutting is divided into work 
of friction and that of changing the form of the material, 
the second inereases with the cross-section of shavings and 
the first with the area of the surface of shavings. The as- 
sumption that the total work is proportional to the surface 
is therefore confirmed by experimental data. One ean there- 
fore consider the resistance to cutting P in accordance with 
the equation 

P=kf+wB 

as consisting of two parts of which the first is proportional 
to the cross-section of the shaving f and the second to the 
surface of the shaving B, while coefficient k represents 
the strength of material and w is a function of the friction 
of the surface of cutting. In eutting strong or hard ma- 
terials such as metals, the resistance of the metal is of prime 
importance, while in handling soft stuffs, such as leather, the 
total resistance is mainly a function of the resistance in the 
surface of the cut. 

The speed of cut could be raised as high as desired if it 
had not been proved by cireumstances that at too high 
velocities of cut the cutting edge becomes dull owing to ex- 
cessive heat. The physical condition for the most advan- 
tageous speed of cutting may therefore be expressed as fol- 
lows: The temperature of the cutting edge must not exceed 
a certain definite value. There are several circumstances 
which determine when this maximum admissible temperature 
is reached, and that depends on the amount of heat generated 
in eutting the metal, the distribution of the heat and the rise 
of temperature produced thereby. The amount of heat gen- 
erated in eutting is a function of the work of changing the 
form of the material eut and the work of friction at the eut. 
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The heat is therefore liberated inside the shaving and at the 
surface of the shaving, and the amount liberated in a given 
period of time is proportional to the work of cutting con- 
sumed in that time. The distribution of heat starts from 
the place of cut at which the heat generated may be con- 
sidered as heat freely liberated and is distributed through 
the shaving, the tool, the piece machined and the surround- 
ing medium. ‘The rise of temperature is at its maximum at 
this place of cut. At the beginning of the cutting this rise 
of temperature is fairly rapid, but after a certain time it 
reaches a certain normal state if the speed of cutting, 
resistance to cutting and other variables remain constant. 
The temperature at the place of cut is, therefore, what under 
given conditions determines the admissible speed of cut, but 
it cannot be determined by direct measurement and, there- 
tore, the permissible speed of cutting is later on in this in- 
vestigation expressed in a different manner than as a fune- 
tion of the rise of temperature. 

At the basis of the present investigation and the heat 
measurements were laid certain physical considerations. On 
the basis of the distribution of the heat generated in eut- 
ting and shaving, an equation has been derived for the most 
advantageous speed of cutting, this equation being in accord 
with another equation derived from the consideration of 
the work consumed in cutting. At the velocities of cut de- 
termined in accordance with this equation, the rise of tem- 
perature of the shavings for various cross-section of shav- 
ings is accepted to be approximately constant, which is ex- 
plained through the processes of heat distribution and has 
been confirmed by experiments. Further, an equation has 
been derived, and found to be true by experiments, ex- 
pressing the variations of temperatures of shavings at con- 
stant cross-section of shavings and at various places of eut. 
Owing to the variable heat conduction which takes place with 
various forms and formations of shavings, as well as owing 
to the variations in the specific heat and coefficient of heat 
conductivity of various materials, the equation derived for 
this case can be considered as being only approximately cor- 
rect. But it has been found that it gives values in fairly 
good accord for practical processes with values obtained 
experimentally. 

The author closes with the following important conclu- 
sions: The rise of temperature for shavings of equal cross- 
section, but different speeds of cutting, increases with the 
speed of cutting, since at the slower speed of cutting the 
unit of the surface of the shaving is enabled to give off more 
heat to the surrounding medium. The variation of the rise 
of temperature with varying speed of cutting is expressed 
by means of a special equation, determined from the heat 
given off to the surrounding medium and that taken up by 
the shavings, and experimental results have confirmed the 
correctness of the conclusion. In order to avoid excessive 
heating of the tool, the temperature of the shaving at various 
cross-sections of the shaving and at various speeds of cutting 
must not exceed a certain value. As a condition for con- 
stant temperature of shaving may be conceded the condue- 
tion of equal amounts of heat per unit of time and per 
unit of area of the shaving surface. In this way two equa- 
tions are obtained, one for the work used in cutting, and the 
other for the distribution of heat in the shaving, from which 
the corresponding speeds of shaving may be caleulated. Ex- 
periments have shown that the speeds of cutting determined 
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in this manner produce constant temperatures of shaving. 
The efficieney of the lathe increases rapidly with increased 
cross-section of shaving. It acquires its maximum with such 
metals as were used in these tests when the cross-section of 
shaving is from 2 to 4 qmm., and for larger sections of 
shaving remains nearly constant. When the largest and 
smallest ratios of gear transmission are used, the efliciency 
is somewhat lower than with the average gear transmission. 
It is better to avoid shavings of less than 1 qmm., cross 


section. 


Steam Engineering 

Tests ON Hear TRANSMISSION FROM STEAM TO COOLING 
Water (Versuche iiher die Wéarmeibertragung von Dampf 
an Niihlwasser, K. Woeter. Zeits. fiir das ygesamte Tur 
binenwesen, vol. 11, no. 8 p. 113, March 20, 1914, 3 pp., 10 


fies. et A). The article describes extensive tests made in the 
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mechanical laboratory of the Technieal High School ot 
Berlin on heat transmission from steam to cooling water. 
The complete account of the tests was published in Mitteil- 
ungen aus dem Maschinen-Laboratorium der Kgl. Tech- 
nischen Hochschule zu Berlin, Vol. 5. The main purpose of 
the tests was to establish the manner in which the amount 
of heat transmitted from steam to water in cooling pipes 
depends on the difference in temperatures of these two 
media. It is usually assumed that the amount of heat trans- 
mitted is directly proportional to the difference in tempera- 
tures, while there are also indications that it may vary as 
the square of the difference in temperatures. On the other 
hand, Mr. Orrok in his paper on The Transmission of Heat 
in Surface Condensation, published in Transactions, Am. 
Soc. M. E., Volume 32, Page 1139, has found from extensive 
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experiments that the amount of heat transmission ts 
daw cdl (t, 

where dW is the heat transmitted over surtace di, wile 
t, and t are the temperatures of steam and water respectively, 
¢ being a constant. The present tests had for their pur- 
pose, the elimination of these contradictions and the estab 
lishment of the temperature exponents for various condi 
tions. Fig. A shows the experimental arrangement used. 
The water flows through a brass pipe having an inside 
diameter of 20 mm. (0.8 in.) and an outside diameter of 
25 m. (1 in.) with a length of 2628 mm. (104.4 in.) and 
was heated on the outside by steam. Particular care was 
taken that a uniform stream of steam should be present along 
the entire length of the pipe so as to prevent stagnation ot 
air. The temperature of the water in the pipe was measured 
by two displaceable iron-constantan thermo-elements, the 


voltage of these thermo-elements being measured by a very 
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sensitive voltmeter, which permitted estimates to dex. 
cent. Since, in the same cross-section, the temperature otf 
the water at the center was lower than that nearer (he edges, 
in the determination of the average temperature in the cross- 
section a special device was used to produce eddies near the 
soldered place of the thermo-elements. Three series of tests 
were made at atmospheric pressure, and with vacuums ot 
approximately 80 and 90 per cent. In the first two series 
of tests the velocity of flow of water was raised by small 
stages trom 0.05 to 1.9 m/see. (1.96 to 74 in./see.) and in 
the test with 90 per cent vacuum from approximately 0.3 
to approximately 1.5 m./see. (11.8 to 59 in./see.). Figs. 
B and C show the temperature curves which would have been 
obtained had the transmission of the heat been proportional 
to the difference in temperature and it ean be seen at a 
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glance from a comparison of these curves with those obtained 
experimentally that there is no such proportionality and that 
the temperature exponent is, therefore, not equal to 1. In 
the test represented by Fig. B the exponent must be larger 
than 1; in the test represented by Fig. © 1i must be smaller. 
By means of a graphical logarithmic process the average 
temperature exponent 2,, has been determined for eaeh test 
and Fig. D shows this average exponent as a function of 
the velocity of flow of water for the three series of tests. 
It is evident that the temperature exponent is not constant 
and that it varies both with the velocity of flow of water 
and with the difference between the temperature of steam 
and water. In order to separate the influences of these two 
factors, a simple graphical process was again used and Fig. 
E shows the temperature exponents x for all velocities of 
flow of water and differences in temperatures between water 
and steam. The important result thus shown is that the 
exponent varies within wide limits, viz., from 0.7 to 1.9 for 
a difference in temperatures of 70 deg. cent. (126 deg. 
fahr.) All the eurves for t, — t = 0 coincide at certain 
point z=1. The particles of water which flow along the 
walls of tne pipe have a temperature which is only very little 
different from the temperature of the pipe walls; the closer 
the difference in temperatures approaches the value zero 
(and it appears probable that t, — t at the pipe wall is very 
near the value zero), the closer z approaches the value one. 
From this it follows that the heat transmission from the 
pipe wall to the outermost layers of the cooling water is 
proportional to the difference in temperature for all velocities 
of flow of water. The fact that the temperature exponent. 
as referred to average water temperature, may have as dit- 
ferent values as are shown by the experiments is doubtless 
due to the fact that the distribution of temperatures in a 
given cross-section may be very different in various cases. 
Just how this distribution of temperatures occurs numerically 
cannot be established from the present experiments, but it 
has been established that there are differences in tempera- 
tures at various points of the same cross-section of water in 
a cooling pipe. At lower velocities convection phenomena 
may also play a certain part, and, since the distribution of 
temperatures is the cause of the difference in the values of 
the exponents, it appears probable that the diameter of the 
pipe has also a certain influence on the value of the expo- 
nent. 


The results of this test are to a certain extent not in agree- 
ment with the results obtained by Mr. Orrok, who found 
that the temperature exponent was independent of the dif- 
ferences in temperatures, and for all velocities of flow of 
water from 0.6 to about 2.6 m/sec. has a value of x = %%. 
On the other hand, the data obtained by Mr. Orrok confirm 
and add to these tests as they have been made for small dif- 
ferences in temperature and high velocities of flow of water. 

Further, the present tests have permitted the determina- 
tion of the coefficient of heat transmission k. Fig. F shows 
its values as a function of the velocity of flow of water v. 
In order to show the amount of deviation if the coefficients 
of heat transmission were calculated under the assumption 
that the temperature exponent has a constant value x = 1, 
a curve was plotted in Fig. F. For velocities of flow of ap- 
proximately 0.4 m/see. (15.7 in/see.) the two curves coi:- 
cide, since in this case x is actually equal to 1, and even for 
larger velocities of flow of water, there is practically no 
difference between the two curves. This fact is very impor- 
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tant for the calculation of condensers, since it enables one 
to use the simple formula made possible by assuming that 
x = 1, namely 


t.-t 
I In 

k t.-t, 
where /° is the cooling suriace of the condenser in qm, Q is 
the amount of cooling water per hour in kg, t, is the enter- 
ing temperature of cooling water and t, the temperature of 
cooling water flowing out. Only in the ease of very low ve- 
locities of flow of water the actual conditions must be taken 
into consideration and the more exact formula used. For 
atmospheric pressures the value of the coefficient of heat 
transmission may be expressed as 


k = 1600 + 1743.0°~ 
and for a vacuum of 80 per cent 
k’ = 650 +. 


The exponents of v agree with each other fully and lie be- 
tween 0.72 and 0.91 (as Zoennecken has found in his tests) 
and therefore ought to be very near their actual values. The 
difference between i and k’ is doubtless due to the decrease 
of the coefficient of heat transmission from the steam to the 
wall, when the density of the steam decreases. Numerically 
these values cannot yet be given since the functional rela- 
tion between heat transmission and density of steam is 
unknown. 


Co-WoRKING OF SteaM BoILers RUNNING ON DIFFERENT 
PRessuRES (Das Zusammenarbeiten von Dampfkesseln ver- 
schiedener Spannung. Zeits. fiir Dampfkessel und Maschin- 
enbetrieb, vol. 37, no. 11, p. 129. Mareh 13, 1914. 3 pp., 6 
figs. d). At the 43d meeting of the delegates and engineers 
of the International Association of Boiler Inspection So- 
cieties, which took place in Moscow, Werthwein of Barmen 
presented a report on the simultaneous working of boilers 
working with different pressures. The general develop- 
ment of power plants requires the application of higher 
and higher steam pressures, at the same time as the installa- 
tion of new boiler units. As a result, especially in plants 
which are not new, it often happens that side by side with 
the new boiler group working with high pressures there are 
also in operation a number of the older boiler units of 
lower pressures. The steam of the latter is in such cases 
used mainly for heating, cooking, preheating of water and 
other purposes where high pressure is not desirable or is 
not of material advantage. The size of the new boiler 
elements of large pressure is in most eases designed in a 
manner such that there shall be sufficient steam not only 
for all available power purposes, but also to a certain ex- 
tent for those demands which are primarily satisfied by the 
older units, and the devices which insure the collaboration 
of the two kinds of boilers must be arranged in a manner 
such that on one hand all the advantages of the high pres- 
sure and available heating surface of the high-pressure boil- 
ers shall be thoroughly utilized, while on the other hand 
all danger for the low-pressure boilers shall be eliminated. 
As far as the author is aware, there is only in Germany 
legislative rules governing such cases of running together 
boiler groups of various pressures. 

The Prussian regulations of 1902 were as follows: 
(a) The steam piping from high-pressure boilers must be 
provided with automatically acting devices (such as reduc- 
ing valves, pressure regulators, ete.) by means of which 
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steam flowing into the collector piping shall be reduced 
to the lower pressure level of the other boilers. (b) In 
front of this pressure reducing device, that is, on the side 
of the high-pressure boiler, there shall be a cut-off valve, 
if possible, such as can be operated from the floor level. 
(c) The common piping shall be provided with a small scale 
manometer and such number of safety valves as will main- 
tain the pressure prevailing in the piping not in excess of 
that prevailing in the low-pressure boiler connected thereto. 
(d) Each of the steam boilers connected to the common 
piping must be provided with a slow-acting long-stroke 
safety valve. (e) Each boiler must be arranged so that it 
will cut off from the piping. (f) The feed piping of boil 
ers of various pressures connected to a common steam pip- 
ing must be kept separate. 

These rules have been somewhat modified by the German 
law for land steam boilers of 1909 and at the present time 
only the first section of the above regulations is in force. 
Both groups, high and low pressures, will give off their 
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fing box end of the axis is fixed a lever having on one end a 
tension spring and on the other end an oil brake. If varia- 
tions of pressure occur in the piping the valve cannot fall 
off, owing to the damping action of the spring and brake. 
In many cases the spring alone, without the brake, is quite 
sufficient. Dreyer, Rosenkranz and Droop in Hannover 
have placed on the market a pipe isolating valve shown in 
Fig. B, with the valve cone suspended on a spring and there- 
fore sitting much lighter than an unbalanced cone.  Al- 
though a valve of this type has been placed on a collector 
piping trom which steam was supplied to a rolling mill 
engine and a steam hammer, no knocking in the valve has 
heen observed. Franz Seiffert and Co. in Berlin used a 
pipe isolating valve (Fig. C) where the valve cone is con- 
nected with a balanced brake piston. 

All these valves have succeeded in eliminating most of the 
troubles occurring with the ordinary type pipe isolating 
valve, but in order to make possible the working of two 
boilers of various pressures on the same collector piping, 
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steam into a common piping. In the pipe connections trom 
the low-pressure boilers to the common piping, pipe isolat- 
ing valves are installed in a manner such that the cones 
of the valves shall be lifted by the steam flowing from the 
low-pressure boiler toward the collector piping. The pres- 
sure in the collector piping must therefore be somewhat 
lower than that in the low-pressure boiler connected thereto 
and the pressure of the steam acting from the high-pressure 
boiler must have been correspondingly reduced by means 
ot reducing valves or in some other manner. As regards 
the pipe isolating valves, the most simple construction was 
preterred at first, such as valves with loose ball. It was 
soon evident, however, that in several respects these valves 
were unsuitable, especially where the steam engines received 
their steam from the collector piping and also where only 
the high-pressure boilers supplied steam to the engines, 
while the steam from the collector piping was used for other 
industrial purposes, such as heating or cooking. In all such 
cases the pipe isolating valves produced a noise due to the 
valve ball striking against its setting, until finally the con- 
stant strokes destroyed both the seat and the ball, while the 
noise was so unpleasant for the boiler attendant that the 
ball was often removed and the valve became absolutely 
useless. To avoid these inconveniences, it was proposed to 
insert into the steam piping special steam collectors and to 
use pipe isolating valves of such a construction as to avoid 
the production of the noise. 

Schaffer and Budenburg in Magdeburg used the pipe iso- 
lating valve shown in Fig. 6A, with the horizontal axis com- 
ing out from the casing through a stuffing box. To the stuf- 


without any undesirable occurrences and with full satety for 
the low-pressure boiler, additional devices have to be in- 
stalled, and the above mentioned Prussian regulations indi- 
cate what these devices should be. 

In the first place the steam piping running from the high- 
pressure boiler to the common pipe must be provided with 
a pressure-reducing valve by means of which the high pres- 
sure of the steam shall be reduced to the lower level and 
since, as a rule, these pressure-reducing valves cannot be 
used as stop valves, separate valves of the latter kind have 
to be installed, in a manner such that they can be safely and 
easily handled from an accessible place (best from the fire- 
man’s side of the boiler). When it is desired to maintain 
the steam pressure in the high-pressure boilers as uniform 
as possible and to let into the common piping only the ex- 
cess of steam, it is advisable to employ mechanically acting 
devices rather than to rely on the regulation by boiler at- 
tendants. This can be done by a so-called overflow valve 
connected with the pressure reducing valve, one type of 
which (built by Schaffer and Budenberg) is shown in Fig. 
D. The overflow valve opens first and lets out the steam 
as soon as the pressure in the high-pressure boilers has 
reached a predetermined value, while the pressure reducing 
valve delivers high-pressure steam to the collector piping 
as soon as the pressure of the steam in that latter pipe has 
reached the level of the pressure in the low-pressure boilers 
supplying steam to the same piping. The article describes 
also an overflow and pressure reducing valve of Hiibner and 
Mayer in Vienna, said to have given complete satisfaction 
in actual practice. 
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SMOKE CATCHERS FOR USE IN RouNDHOUSES (Uber Rauch- 
fdnger fiir Lokomotivschuppen, Gwosdz. Zeits. fiir Dampf- 
kessel und Maschinenbetrieb, vol. 37, no. 12, p. 144, March 
20, 1914. 3% pp., 21 figs. d). The article describes a 
number of older types in German practice. In most of these 
the smokestack valve used to be closed automatically as soon 
as the smoke catcher funnel was raised, but arrangements 
might have been made to keep it in any position desired, 
since the funnel was low down. Further, in these older 
constructions, an automatic arrangement was provided for 
placing in the open position the throttling valve when the 
eatch funnel was lowered down. The Prussian railway ad- 
ministration, in 1907, however, found that if the throttling 
valve on the smoke catcher was fully open there was power- 
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ful ventilation over the locomotive, and the latter, especially 
if it was to go out of service, was cooled down very rapidly. 
This sometimes produced leaks in the tubes. Therefore an 
order was issued that no smoke catchers should be used 
where the throttling valve was automatically opened. 

The article accordingly describes a number of apparatus 
complying with these requirements. The endeavor to make 
the connection between the locomotive stack and the smoke 
catcher pipe as close as possible led to the evolution of a 
special type of smoke catcher, with a divided jointing fun- 
nel. 

Fig. 7 represents the Fabel apparatus constructed on 
this principle. ‘The funnel consists of two nearly ceylin- 
drical clappets, c and d, which are movably located by jour- 
nals and eyes on the smoke pipe and, when inclined, enclose 
the locomotive smokestack. By means of ropes 1 and m, 
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operated by a common wire », they can be placed in the 
position indicated by dotted lines, and the rope k connected 
with the wire » serves to adjust the smoke pipe clappet 
valve. The latter arrangement has been tested in accord- 
ance with the regulations of 1907. The disadvantage of 
this arrangement lies in the fact that the locomotives must 
stand almost exactly under the smoke pipe, sinee otherwise 
the smokestack would not be tightly enclosed by the clap- 
pets. To avoid this and also to make the catcher work with 
a locomotive having various heights of smokestack, the di- 
signer placed between the funnel valve and the smoke pipe 
an adjustable pipe extension. 


Exp.Losions 1x Water Tune Boers with Heapers 
plosionen in Wasserrohrkammerkesseln, Bracht. Zvits. des 
Vereines deutscher Ingenicure, vol. 58, no. 9, p. 344, Febru- 
ary 28, 1914. 2pp., gp. Paper read before the Lower Rhine 
Section of the V. d. L.). 
introduced one of the main arguments in their favor was 


When watertube boilers were first 


conceded to be their freedom from explosion danger, and on 
this account special regulations had been instituted in Ger- 
many permitting the use of watertube boilers under cond- 
tions where ordinary types of boilers were not allowed. 
Later, however ,several explosions of watertube boilers oe- 
curred which tended to show that this type was not so sate 
as supposed. 

The first explosion of this kind took place in June 1912, 
in the boiler room of the electrical central station of the 
Phoenix Rolling Mills at Lerenfeld, Germany. In that 
plant were four boilers, three of which were made by one 
concern and the fourth installed in 1910 by another con- 
cern. It was this last that exploded. Its rated working 
pressure was 15 atmospheres, but as the other three boilers 
were allowed to work with only 13 atmospheres, the same 
pressure was maintained in the fourth boiler. 
surface was 412 qm. and the chain grate 14.4 qm. The 
water headers had a width of 6 m. or 6.080 m. and were 
made in one piece with arches for the two boiler drums. 
The width of the frame was 254 mm. and the header 200 
mm., the thickness of the header plates being 18 mm. The 
explosion may be referred back to the fact that a cireulation 
plate in the front part of the header, which was welded in, 


The heating 


was entirely torn away, and through the opening that 
formed, the water content of the boiler rushed out, while 
the upper part of the boiler broke away from the tounda- 
tions and pipe connections, broke to pieces and was thrown 
50 m. from its original place, causing considerable damage 
on the way. Bricks and iron pieces flew in all directions 
for a considerable distance. Two firemen were killed and 
a third died soon after. One person was seriously injured 
and six persons less seriously. 

The second case of explosion of a watertube boiler took 
place in November 1912, at the iron works of Menden and 
Schwerte in Schwerte. Three persons were killed and two 
seriously wounded. The boiler was installed in 1911 to 
work at a pressure of 13 atmospheres gage. The heating 
surface was 300 qm. (3210 sq. ft.), the grate area for hand- 
firing, 8 qm. (85.6 sq. ft.). The boiler worked in connection 
with three other boilers of the same size and construction. 
The explosion was practically a reproduction of the Diissel- 
dorf case. Here also without any previous warning the 
circulation plate of the header broke off, but remained hang- 
ing, since at the corners it had no welds. The opening 
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which was formed had a cross-section of about 1 qm. (10.7 
sq. tt.) through which suddenly water and steam were of- 
fered a free passage. The boiler was thrown backwards to 
a distance of 58 meters (say 185 ft.) in the direction of its 
longitudinal axis, totally destroying its setting and partly 
destroying the other boilers, as well as greatly damaging 
other property. 

In November 1912, occurred a third explosion, this time 
at the plant of the Deutscher Kaiser, at the rolling mill 
Dinslaken. The boiler had a heating surface of 157 qm. 
and 12 atmospheres gage pressure and was built in 1897. 
It has worked since that time with few interruptions, day 
and night, using the waste heat of two milling furnaces. On 
the day of the explosion, the boiler which had for some time 
been out of commission, owing to repairs on the furnaces, 
was to be again heated up. When the pressure reached ap- 
proximately 9! atmospheres, the explosion occurred. The 
boiler had not vet been connected with the steam piping. 
Shortly before that a noise had been heard which was falsely 
supposed to be due to steam escaping from the safety valve. 
The boiler attendant was thrown some distance and died 
several hours later. The boiler itself was thrown to a dis 
tance of about 6 m. (say 20 ft.). The inspection of the 
boiler showed that the manhole of the rear header was sepa- 
rated and the staybolts from the circulation plate along the 
welded seam broken, and that the header was drawn up- 
wards to where it found less resistance offered by the tubes 
back of the superheater. The nine staybolts in the lowest 
row have been torn off from the tube wall, while the other 
seven have been torn out of the manhole wall. In the see- 
ond row trom below there were nine staybolts torn out from 
the manhole wall. The cireulation plate was not deformed. 
As regards the nine staybolts torn out from the manhole 
wall, it appears that six of them were broken previous to 
the explosion while the other three indicated a somewhat 
more recent tracture. 

At first it was supposed that these explosions were caused 
by defective work, an opinion which was at first endorsed 
in tull by experts and even by the representatives of the 
manufacturers. The circulation plate was butt-welded to- 
ward the header plates and the hammer blows of the welder, 
which could of course have been applied only from the out- 
side of the connection, probably caused the weld to take 
place in such a manner that the plate edges were superim- 
posed. The connection between the metal elements was so 
slight that traces of old chiseling could easily be seen on 
the cireulation plate. On the inside of the header the iron 
shavings which were used as a welding material have melted 
and flown into one piece with the walls so that there was 
available both a tight connection and a certain amount of 
strength. Test pieces have been cut from the plates and in- 
vestigated and it was found that the walls were made of 
wrought iren, having strength of 34 to 41 kg/qmm. which 
could be easily welded. On the lateral circulation plate of 
the latter, the test pieces show a materially better weld than 
was the ease on the bottom plate. These circumstances con- 
firmed the assumption that in the manufacture of the bot- 
tom seam the art of welding may have been imperfectly ap- 
plied and that for some reason the workmanship was at 
fault. 

The manufacturer, however, would not accept this view, 
since the welder who worked on this header was an old 
worker, in the business for many years and has made many 
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headers without any trouble. Therefore he insisted that the 
cause of the explosion be sought in some irregularity of op- 
eration, such as, for example, the possibility of the chamber 
(owing to a break in the arch) being exposed to the fire for 
a comparatively long time. In addition, there was consid- 
erable mud and boiler scale pieces collected in the lower 
part of the header which might have led to overheating of 
the seam and to a rupture of the parts. This assertion of 
the manufacturer was thoroughly investigated and may be 
considered as having some foundation in a certain sense. 
During the night before the explosion 30 to 40 bricks fell 
from the lower arch ring of the grate. This circumstance 
alone could not have caused over-heating. A case is on 
record where one-half of the fire arch broke down. In that 
case, however, part of the arch which broke was near the 
hopper, and for operative reasons the work of the boiler 
had to be continued for a certain time, this being done by 
closing the wall by a fire sheet so as to prevent a false en- 
trance of air. In both cases, fault of attendance can there- 
fore be left out of consideration, although it must be ad 
mitted that an overheating of the plates had taken place. 
as shown by blue spots in one place on the plate. 

It is hardly possible to admit that the presence of mud 
and boiler seale inside the boiler intensified over-heating, 
since, water of condensation with 5 per cent supplementary 
water, which passed previously over a cleaner, was used as 
feedwater. In addition, owing to the inclined position of 
the header, in the lower part of the latter there was a sort 
of dead angle in which all the impurities present used to 
deposit. The speaker was therefore of the opinion that in 
this case also the cause of the explosion lay not in the de- 
fective workmanship of the seam but in a defective method 
of setting of the boiler which had not sufficiently protected 
the seam from overheating. In the Schwerte explosion it 
was found that the cireulation plate and the lower part of 
the header wall showed blue spots, while inside the walls 
was found a seale deposit of 5 to 8 mm. (0.2 to 0.32 in.) 
thick, while the mud contained a considerable amount of oil. 
It appears further, that the overheating of that particular 
spot was also intensified by the fact that the protective set 
ting of the header was partly broken and crumbled up. 
Here also, therefore, the setting had not afforded sufticient 
protection to the seam and the overheating finally caused its 
failure. 

The third ease in Dinslaken is materially different. Over- 
heating did not seem to have played any material part in 
the accident which appears to have been brought about 
mainly by the failure of the staybolts, which were placed 
too far away from the edge (200 mm. or 8 in.) so that the 
seam was stressed too high. 

The author discussed further the lessons which ean be 
drawn from these explosions and the preventive measures 
which should be taken to avoid their repetition. The Cen- 
tral Association of Prussian Societies for the Inspection of 
Boilers has decided to carry out a series of experiments by 
building a number of test headers in order to test thoroughly 


the distribution of strength, not only in headers which have 
been produced by butt-welding, but also of those which have 
been produced by other methods without welding. These 
tests have not yet been completed. The author had occasion 
to be present at tests when all boilers had been broken by 
water pressures, butt-welds had broken at pressures from 
50 to 60 atmospheres, the butt-welds here used being of the 
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same type as in the exploded boilers. This would indicate 
that the butt-weld, although not an ideal method of mak- 
ing a seam, was still strong enough to bear all regular 
strains. But in the operation, suitable conditions must be 
maintained, and if this were done, the faith in the reliability 
ot the double header boiler might be recovered. In Ger- 
many there are now 15,000 to 20,000 of such boilers at work 
and giving good satisfaction, and the few cases of explo- 
sions, though certainly regrettable, ought not to prejudice 
against this type of boilers. 


Strength of Materials and Materials of Construction 

TestinG Fire Bricks (Die Priifung feuerfester Steine, 
A. Gary. Feuerungstechnik, vol. 2, nos. 11 and 12, pp. 178 
and 199, March 1 and 15, 1914. 9 pp., 14 figs. dp). 
Prof. A. Gary, head of the great experimental station at 
Gross Lichterfelde West, presents in the present article a 
description of methods used for testing fire bricks, covering 
the following subjects: Chemical composition of the brick, 
determination of its shape, consistency, space, weight, spe- 
cifie weight and density, volume after repeated heating, 
compression and expansion, variation of length with heat- 
ing, heat conductivity, melting temperature as compared 
with that of Seger cones, softening and change of con- 
sistency in heating and in contact with other bodies, com- 
pression strength when cold or hot, and porosity with re- 
spect to gases. The author discusses in detail the methods 
used and suitable apparatus for determining all these 
factors. 


Heat Conbuctivity, Speciric WEIGHT AND POROSITY OF 
REFRACTORY MATERIALS (Wérmeleitfahigkeit, spezifisches 
Gewicht und Porositdt feuerfester Steine, P. Goerens. Cp. 
Feuerungstechnik, vol. 2, no. 12, p. 204, March 15, 1914. e). 
Paper presented by Prof. P. Goerens at the 34th meeting 
of the German Association of Manufacturers of Refractory 
Materials. In establishing a heat balance of metallurgical 
processes, under the heading “ heat losses through conduc- 
tion and radiation” are given values which evidently re- 
quire to be corrected. This is due to lack of proper meth- 
ods for determining these losses and to their determination 
as the difference between computed input and output of 
heat, so that, for example, in some of the blast-furnace heat 
balances the heat losses over radiation and conduction varies 
from 0.58 to 33.3 per cent of the total heat. These wide 
variations are in the first place due to the fact that prac- 
tically all the errors in other observations are lumped up 
under the heading “ heat losses through conduction and ra- 
diation.” 

Engineer J. W. Gilles has performed a series of experi- 
ments in the Metallurgical Institute of the Aix la Chappelle 
Technical High School, using bricks of normal type in 
order to determine directly the heat conductivity of fire 
brick. The apparatus consists of an electrically heated 
plate, by means of which the surface of the brick was 
heated, a calorimeter for the determination of the heat 
coming through, and a number of thermoelements for the 
determination of the distribution of temperature in the 
mass of the brick. In addition to the heat conductivity of 
the brick there were also determined its true specific 
weight g», apparent specific weight g, and the absolute 
porosity P,», determined from the formula 


From these data it appears that the absolute conductivity 
increases with the temperature in the case of fire brick, 
half fire brick, slate, lias, silica and carbon, but noticeably 
decreased in magnesite. Further, in chemically similar re- 
fractory substances, the heat conductivity decreases with 
porosity. 
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AMERICAN RAILWAY ENGINEERING ASSOCIATION 
Bulletin, vol. 15, no. 163, January 1914, Chicago, Il. 
Report of Committee on Iron and Steel Structures 
Report of Committee on Masonry 


Report of Committee on Wood Preservation (Abstracted) 
Report of Committee on Grading of Lumber 


Report OF CoMMITTEE ON Woop Preservation (54 pp., 
28 figs. eA). The report on wood preservation diseusses 
the use of oil trom water gas and coal tar in creosote oil, 
and comes to the conclusion that wherever possible only 
grade 1 coal tar creosote should be used and under no eir- 
cumstances should coal tar be added to creosote of this grade. 
Where it is advisable to use coal tar in mixture with the 
lower grades of creosote, such as grades 2 and 3 of the 
American Railway Engineering Association and poorer, the 
following precautions should be adhered to: There must be 
a distinet understanding between all concerned that a mix- 
ture as specified is used; the coal tar should be added to 
the creosote only at the plant and under the direct super- 
vision of the railway company; under no circumstances 
should the coal tar constitute more than 20 per cent of the 
mixture. The coal tar and creosote should be thoroughly 
mixed at a temperature of approximately 180 deg. fahr. 
before being applied to the timber, the tanks containing the 
mixture being heated and agitated thoroughly before any 
oil is transferred to the working tanks. Only low carbon 
coal tar can be used. The amount of free carbon should not 
exceed 5 per cent, and in treating with the mixture, the tem 
perature of the solution in the eylinder should be not less 
than 180 deg. fahr. 

The article quotes records from service tests with period- 
ical inspection of the sections of test tracks of various rail- 
roads as well as the methods of determination and valuation 
of various values under test. In an appendix is given an 
extensive discussion by Hermann von Schrenk and Alfred L. 
Kammerer on the use of refined coal tar in the ereosoting in- 
dustry in which the authors object to the view of considering 
coal tar additions as adulterations, and by a series of ex- 
periments come to practically the same cone'usions as stated 
above, insisting upon the necessity of stopping the practice 
of selling creosote oil mixed with coal tar as No. 1 grade oil. 


AMERICAN SOCIETY OF NAVAL ENGINEERS 


Journal, vol. 26, no. 1, February 1914, Washington, D. C. 


A MeEtHOp or CLOSING PorEs ON HOLLow Capt. 
F. W. Bartlett, U.S.N. (4 pp. p). On the U.S.S. Mon- 
tana it was found that the six bottom brasses for the main 
shaft of each engine were porous, so that water from the 
water service mingled with the oil of the journals to a slight 
extent. The babbitt metal of the brasses, however, was in 
excellent condition and the leaks were not where the babbitt 
was located, but at other points of the brasses and at points 
where the babbitt was cut away. As it was a very expen- 
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sive proposition to fit new brasses, the following method for 
making tight the old ones was attempted and found sue- 
cessful. 

Method Used. The brasses were first filled with gasolene 
and subjected to a pressure of about 20 Ib. and left in this 
condition for about 12 hours. It was found that the gaso 
lene worked its way through the crevices and appeared at 
the small openings. and in some cases carried with it what 
appeared to be particles of red lead, giving the impression 
that an attempt had been made at some time to close these 
crevices by forcing in red lead under pressure; but this 
could not be proved. The idea of using the gasolene was 
thoroughly to clease the crevices of oil and water. The gaso 
lene was then removed and air blown through for four hours 
and the brasses were then filled with shellae and a pressure 
of 75 Ib. of compressed air was put on this shellae and it 
was kept in this condition for about four hours, the idea 
being that the shellae would not settle materially in that 
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INSTITUTION OF ELECTRICAL ENGINEERS 
Journal, vol. 52, no. 231, April 1, 1914, London 


STEAM BoILeR WORKING IN ELECTRICAL POWER STATIONS, 
J. W. Jackson (7 pp., 4 figs. g). The author points out 
that the watertube boiler has been adopted almost univer- 
sally on account of the ease with which it deals with fluctua- 
tions in the load. He advocates the straight-tube vertical 
boiler, but remarks that the designing of these boilers is 
by no means a simple matter, some difficulty being experi- 
enced in arranging the drums to accommodate the extra num- 
ber of tubes without, at the same time having to press the 
drum ends or sides into bad shapes. 

Modern competition appears to have called for a super- 
heater of a smaller area, but placed in a much hotter por- 
tion of the boiler. In dealing with this question the author 
shows a strong preference for the arrangement illustrated 
in Fig. 8A. These superheaters, designed ten vears ago with 


Fic. 8S LOCATION IN A Movern Botter PLant 


time. It was found that the aleohol appeared to push ahead 
of it small particles of water or gasolene, and appeared as 
drops at the small crevices, and in some cases the shellac 
could be seen clearly to have passed through these crevices 
and to have arrived on the outside as a brown liquid. This, 
however, soon congealed and no further leaks took place. 
The shellae was then removed and compressed air blown 
through the brasses for three or four hours with the idea of 
setting the shellae on the surfaces within, although it was 
realized that the shellac in the small crevices would be in no 
way affected. After this the brasses were filled with water 
and tested to a pressure of 75 lb., with no sign of leakage 
after an hour of observation. 

Shellac was the material which seemed best adapted for 
this purpose over all others considered, but it is believed 
that some other material might be found to accomplish this 
purpose, and a material which would not become soft at as 
low a temperature as shellac. Experiments along that line 
should be conducted. . 


ample surface, were fixed in the boiler at a distance much 
further from the furnace, with the result that they are much 
steadier to work and of almost everlasting wear. They also 
have the advantage that the amount of superheat can be re- 
duced without overheating the tubes. The author assumes 
that the fixing of the comparatively small superheater 
(Fig. B) in such a hot position of the boiler is due to first 
cost, but he considers the difficulties in operation are in- 
creased as regards maintenance, reliability and control. He 
also thinks that, as really high superheated steam is coming 
into use and steam temperatures of from 700 deg. fahr. to 
possibly 900 deg. fahr, at the turbine stop valves are likely 
to be required before very long, troubles will increase some- 
what alarmingly if the superheater of the future is fitted 
in such a hot position of the boiler. 

The author discusses many other details of modern boiler 
practice, as the design of boiler furnaces, Co, indicators, 
firebricks, stokers, pneumatic and hydraulic ash-handling 
systems, feedwater treatment, ete. 
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MANCHESTER ASSOCIATION OF ENGINEERS 


SuN-Power PLant, Frank Shuman. At a meeting of 
the Manchester Association ot Engineers in Manchester, 
March 14, 1914, Frank Shuman read a paper on the Sun- 
Power Plant. As the Proceedings of this association are 
not yet available, this abstract is made from an account in 
Engineering, Mareh 27, 1914. The cost of producing power 
trom sun rays appears to be such that sun-power plants for 
the present need not compete with plants using coal at any 
Work had 
to be confined to places where the sun was at its best and 
The speaker then 
described in detail the engine which he constructed for 
the pumping plant at Meadi, near Cairo, Egypt. The steam 
is generated in five sun heated absorbers arranged in a man- 
ner such that they are always facing the sun throughout 
its course during the entire day. ‘The caleulations given by 
the speaker show that with coal at £3 per ton there was in 
the Meadi plant a saving of £410 per annum, with the 
extra first cost of £790 of the sun-power plant over that of 
the coal consuming plant, so that in less than two years the 


tropical place where coal is reasonably cheap. 


where coal cost trom £3 to £8 a ton. 


saving in fuel would cover this extra cost. 


NEW YORK RAILROAD CLUB 

Advance Paper presented at April 17, 1914, Meetiny, New 

York 

THe Arr or Locomotive StaysBo.ts, C. A. Seley (6 pp., 
2 figs. dp). The locomotive boiler is a structure which is 
severely taxed, as a result of which there are numerous cases 
of staybolt breaks. Under the Interstate Commerce Com- 
mission Code of Rules no boiler shall be allowed to remain 
in service where there are two adjacent staybolts broken or 
plugged in any part of the firebox or combustion chamber, 
nor when three or more are broken or plugged in a circle 
four feet in diameter, nor when five or more are broken or 
plugged in the entire boiler. The cost of repairing a 
broken staybolt is not simply that of the labor and material 
employed, but also some portion of the value of the service 
of the engine, from $25 to $100 per day, which is lost there- 
by, and this makes it very important to have the staybolts 
stay up as long as possible. With a well-designed and 
built boiler equipped with solid staybolts, there should not 
be any serious.trouble until about the third year of its use. 
Length of staybolts has much to do with their relative 
rigidity. There appear to be what may be called “ breaking 
zones,” which, generally speaking, include the end and top 
rows of side sheets, outside rows on back heads, most of the 
throat sheet bolts, and in large boilers all the stays of com- 
bustion chambers to the shell sheet except the radials. The 
radial stays securing the crown sheet are generally long 
enough to have the necessary flexibility which prevents their 
breakage except those which stay the upper corners of the 
firebox. These corners are arches, very stiff and rigid as 
compared with other parts of the box, and as the stays are 
not truly radial to the outer sheet, the staybolt holes are 
tapped at an angle with more or less of incomplete threads. 
Experiments have been made showing that the relative ex- 
pansions of the firebox and outer boiler sheets, when under 
pressure, are not alike and their staybolts, in addition to 
the tensile load imposed by the pressure, have also an an- 
gular strain due to these irregularities. It is these an- 
gular movements many times repeated that account for 


broken staybolts atter the direet cause is taken care of 
by the relatively high factor of safety. It appears that 
staybolts do not break on account of lack of strength of 
the cross section, but on account of the overstressing of the 
outer fiber due to angular vibration. 
heating of the firebox in firing up, as well as in cooling 


Rapid and uneven 


down and washing, produces the greatest amount of angu- 
larity and accounts for the unusual checks, although at 
these times there is no pull on the bolts. 
the fractures is signifieant. 


The location of 
As a rule a solid staybolt 
breaks close to the outer sheet, apparently because it is 
heavier than the fire sheet, is stiffer, does not respond by 
buckling, and therefore aets in a way as a foundation. The 
speaker asks whether the rigidity of the sheets does not 
cause them to act as levers in the staybolt holes of the fire- 
box sheets, and on the material around the holes, stressing 
it to the point of failure and accounting for the cracking 
of sheets, which must have a starting place, and that at 
the bolts and not between them. The remedy for this would 
be more flexibility on the body of the bolt between the 
sheets to reduce the stress on the outer fiber and also re- 
duce their strength as levers to punish the firebox material, 
reduce the buckling and save the fireboxes.. One of the 
more recent developments in the art aims directly to in- 
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crease the flexibility of the body of the staybolt to eliminate 
breakage and also save the firebox sheets by the simple ex- 
pedient of making staybolts with a body of two pieces of 
half-round iron, thus having two neutral axes each much 
closer to the outer fiber than in the solid section, and then 
by twisting the body present the plane of greatest flexibility 
in each direction in which the latter turns. The compari- 
son of such a structure with that of the solid bolt is shown 
in Fig. 9. 
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INFLUENCES AFFECTING THE FUNDAMENTAL DEFLECTIONS 
or Lear Springs, D. Landan (36 pp., 15 figs. etA). There 
appear to be a very large number of variables that affect 
the flexibility of springs, making this branch of engineering 
a highly specialized work. The formulae often called for 
the deflections of a leaf spring are all based on the theory 
that the spring is a beam encastré at one end and loaded at 
the other end, or that it is a beam supported at its ends and 
loaded in the middle. There is no room to doubt that the 
partial lengths of a spring are to be regarded as cantilevers 
with loads at their free ends. All efforts, however, to 
obtain an equation which would cover this piece of ap- 
paratus have been unsuecessful. One of the faults lies in 
the assumption that in a spring, the leaves of which are of 
the same thickness and decrease in length by equal steps, 
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the leaves are under a uniform stress and on that account 
the spring bends to the are of a cirele. 

The author strongly objects to the assumption that the 
modulus of elasticity varies in spring steel. Heat treatment, 
no matter how varied, has no influence on this coefficient, as 
the author proves by numerous data of tests, showing that 
methods of preparation, heat treatment and chemical com 
position seem to have no practical influence on the property 
of stiffm s.  Carbonization and hardening of the surtave 
are also without effect on the value of the modulus of elas- 
ticity. Further, the investigations of Henry W. Bearce 
have shown that there is a slight increase in the modulus 
at the elastic limit and that Hooke’s law holds at the elastic 
limit, neither does the modulus appear to vary with time 
and rest, as shown by investigations made in connection 
with chronometer balance springs. From the investigations 
of Wilham Dalby, the author concludes that, so far as this 
kind of spring steel is concerned, tempering the steel has 
very little influence on the value of the modulus of elas- 
ticity. 

The apparent difference of stiffness in various cases may 
often be accounted for by other considerations: First, two 
plates of spring steel of the same nominal dimensions, and 
of different or the same chemical constitution, coming from 
two different rolling mills, will usually be found to be of 
different thicknesses, sometimes with a variation as great 
as 0.005 in., which is enough to account for the observed 
difference in flexibility. Springs pass through a number of 
operations before they are ready tor assembling. They 
have to be trimmed, milled, fitted and heat-treated; for 
every one of these operations the plate has to go into the 
furnace and every insertion into or removal from the source 
of heat produces a certain amount of oxide or seale which 
decreases the working thickness of the plate, with the re- 
sult that the plate will be thinner than the normal thickness 
by an amount depending on the number of heats that it has 
to undergo. The author describes the basis of providing 
for this thinning of the leaves. The grinding of both sides 
of the leaves of high-grade touring car springs is gradually 
being discontinued, because it is not improbable that two 
different workmen with different grindstones may turn out 
leaves which only appear to be identical, and the finished 
springs will show a marked difference in flexibility. 

The friction of plate springs plays an important role 
in the operation of a spring. <A spring freshly lubricated 
will exeeute its oscillation more freely than one that has 
been allowed to rust and run dry. A ease is recorded of a 
spring loaded to its correct height for several months tak- 
ing an apparent set of nearly an inch on releasing the load. 
The investigations show that the “set” was due to rusting, 
and the spring was restored to its initial height by putting 
oil between the leaves and causing it to oscillate. The 
author quotes Professor Dalby’s investigation on internal 
friction, but disagrees with him on some particulars. 

As regards shackles, there is very little published infor- 
mation. The two considerations with which the spring 
engineer is concerned are the effect of tight shackles on the 
freedom of action of the spring and the effect of the 
obliquity of the shackles on general shape of the springs to 
which they are attached. The author discusses both of these 
points in full. The effeet of placing a shrunken band on 
a leaf spring is to inerease its stiffness. Some investigators 
have considered the full length of the band to be effective 
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in clamping the springs, but experiments conducted under 
the author’s direction indicated that this assumption is in- 
correct, and it appears that only about 0.4 of the length of 
the band is efficient (complete data on these banding tests 
are given in the article). 


WESTERN SOCIETY OF ENGINEERS 
Journal, vol. 19, no. 3, March 1914, Chicago, Ll. 

Tne CEMENT GuN aNb Its Work, Carl Weber (35 pp., 24 
figs. dp). The product of the cement gun is called “ gunite ” 
in order to distinguish it from ordinary cement stuceo or 
plaster work, and for the reason that the material develops 
qualities which put it in a class by itself. Gunite is usually 
a cement mortar composed of about one part of portland 
cement and three parts of coarse, sharp sand passing through 
a 3g-in. screen. 


The material leaves the nozzle with a velocity of about 
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J00 it. per sec. and as it strikes the hard surface the sand 
will rebound and fall down. Only the neat cement will first 
adhere until a coat thick enough to hold the sand has been 
formed. Then the rebound stops almost entirely and the 
coat is built up grain by grain until the required thickness 
has been obtained. In this manner a film of neat cement is 
automatically formed between the old and the new work on 
every inch being covered, thus sealing every pore. 

As the “shooting” continues the forcing ahead of the 
neat cement by impact is continuously repeated, and every 
grain of sand which does not find a perfect bed or which 
is not immediately enveloped with cement will rebound and 
be foreed out. Any pores remaining will be immediately 
filled by the following mass and all air and surplus moisture 
is forcibly ejected. 

Field and laboratory tests were made by Messrs. Westing- 
house, Church, Kerr & Company, of New York, to compare 
the qualities of handwork with gunite. The final report 
which very elaboately shows in figures, words and photo- 
graphs, all the different testing machines and methods em- 
ployed, gives the results of these tests as follows: 

“Tn all of the tests made the product of the cement gun 
showed superior to good handmade products of the same 
kind. The degree of superiority varied between wide limits. 


Ac) 
‘ 
my 
- 
5 
| 
| 
| “as 
| 
. 
4 
4 
+ | 
a 
2, 
“aw 
4 
wy 
‘tal 
hie 
Kt? 


0116 


ln tensile strength the gun work excelled hand work in 
every case by amounts ranging from 20 to 260 per cent. 

In compressive strength the excellence of the gun work 
was even more marked, ranging from 20 to 720 per cent 
better than hand work. 

In the matter of surface permeability the gun work 
absorbed trom 710 down to 120 as much water per hour, 
per unit of area as the similar handmade surfaces. 

As regards absorption of water, the handmade mortars 
took up from 1.4 to 5.8 times as much as the gun-made 
mortars. 
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The percentage of voids of the gun-made product ranged 
from 52 to 75 per cent to that of the handmade mortar. 

The adhesion of the gun-applied mortars was on an aver- 
age 27 per cent better than that of the hand work.” 

In order to show, in condensed form, the comparative 
values of results of these tests, the author gives a_ ratio 
diagram for the one-to-three mixture as shown in Fig. 10. 

Although these tests greatly favored the handwork, they 
prove conclusively the superiority of gunite. The cement 
gun gives a perfect bond and forms a coating of a density 
which it is impossible to produce by any other known method. 


Main Entrance to the Engineering Societies Building, New York. 
This entrance opens upon the large foyer which occupies the whole 
of the first floor and is a congregating place at times of con- 
ventions. Ordinarily one enters by doors at the left of 
the main entrance, which lead directly to the ele- 

vators. 


Al the time of meetings, however, the 


center doors are swung open to visitors. 


Every engineer, the 


world over, 


is welcome here. 
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FOREIGN REVIEW AND REVIEW OF THE PROCEEDINGS OF 
ENGINEERING SOCIETIES 


ENGINEERING SURVEY 
An interesting example of what Sir Henry Bessemer called 
“ cross-fertilization of sciences” is presented in this issue of 
the Engineering Survey: The formula for wind pressure on 
roofs is to be revised on the basis of data obtained in aer¢ - 
nauties. 


THIS MONTH’S ARTICLES 


Slessaryoff investigates the coefficient for the friction 0! 
a stream of gas discharging against the adjoining layers «/ 
air. In another article the efficiency and economy of jet 
apparatus, as compared with electrically driven pumps, tor 
handling the circulation of water in a large heating plant is 
compared, the results being on the whole in favor ot the 
jet apparatus. In the Machine Shop section is described 
an interesting device for keeping nuts on bolts, as well as a 
device for restoring the cylindrical shapes to deformed pieces. 

Data on comparative tests of various materials used for 
impregnating mine timbers are also quoted. In the section 
on Mechanics will be found information on the use of jei 
apparatus as mixing machines, and on the conditions of self- 
rotation of plates immersed in a liquid, showing that in such 
a case the self-rotation depends on the moment of inertia 
of the system. Further, a new furnace for heat treatment 
of railway car-wheel tires is described. 

In the section, Steam Engineering, will be found a state- 
ment concerning a process of determination of efficiency of 
blast-furnace boilers exclusively by means of analysis and 
temperature measurements of the heating gases and flue 
gases. The steam consumption of a rolling mill straight- 
flow steam engine is investigated, and its high economy 
shown. Ofterdinger describes his new system of feedwater 
preheating, designed particularly for use on steamers: water 
is preheated in two stages: in the first by exhaust steam tvom 
the auxiliary engines and low pressure receiver, and in the 
second by steam from the intermediate pressure receiver 
(triple or quadruple expansion engines). O. Dobbelstein, 
from data furnished by extensive tests made in Germany, 
discusses the application of surface combustion to boiler 
heating, and the improvements, partly made, partly pro- 
jected, in this process in Germany. In addition to the use 
of gas, he speaks also of surface combustion firing with tar- 
oil as a fuel, and concludes that as yet it cannot be relied 
upon for continuous operation. 

The problem of fuel saving through proper dimensioning 
of steam piping is discussed in the next abstract, and it is 
shown that the formulae used at present for the determina- 
tion of pressure fall in various pipes and connections are 
utterly unreliable, and are apt to give too low results. 

Mr. Freyn, in a paper before the American Institute oi 
Mining Engineers, discussed the utilization of coke-oven and 
blast-furnace gas for power purposes, as well as a mixture 
of the two gases. The question of the use of reinforced 
concrete for docks, mainly with regard to the European 
practice, is the subject of the paper of Harrison S. Tatt be- 
fore the American Society of Civil Engineers, before witch 
was also presented the paper of Guy B. Waite on Cinder 
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Concrete Floors. J. L. Van Ornum, in a paper before the 
Association of Engineering Societies, establishes the effect 
of saturation on the strength of concrete, the rapid loss of 
strength on the first exposure and the slow and gradual re- 
covery. Cast-lron Wheel Records and Cleavage and Crys- 
tallization of Cast Iron are subjects of papers presented be- 
tore the Canadian Railway Club. 

The various articles appearing in the Survey are class- 
ified as ¢ comparative; d descriptive; e experimental; g gen- 
eral; 4 historical; m mathematical; p practical; s statistical; 
t theoretical. Articles of exceptional merit are rated A by 
the reviewer. Opinions expressed are those of the reviewer, 
not of the Society. 


FOREIGN REVIEW 
Air Engineering 


CONCERNING THE WIND Pressure ON Roors (4 propos 
de la pression du vent sur les toitures, A. Sée. Revue indus- 
trielle, vol. 45, no, 2131-14, 1914, p. 186, April 4, 1914. 1 
p.. 2 figs. pt. From paper read before the Industrial So- 
ciety of Northern France). Recent experiments in connee- 
tion with aeronautics have raised a good deal of doubt as to 
the validity of the officially adopted formula for wind pres- 
sure against roofs and walls. It is usually assumed that the 
wind pressure on a surface with the plain normal to the 
direction of the wind is equal to the product of the area of 
the surface by the square of velocity times the coefficient 
.14. In the case of a roof it is assumed that the wind moves 
downwards at-an angle of 10 deg. and strikes the roof at an 
angle a + 10 deg., where a is the angle of the roof with the 
horizon. Under these conditions the pressure is obtained by 
This 


official formula is, however, entirely antiquated and its lack 


multiplying the preceding equation by sin® (a + 10). 


of accuracy is obvious now that the coeflicient of resistance 
of the air is known to be not 0.14, but 0.08. The hypothesis 
of the wind descending at an angle of 10 deg. is purely arbi- 
trary. The law of sine square has been shown not to agree 
with experimental data, and finally the formula does not 


take into consideration the shape and location of the roof. 


Experiments have been made recently at the Engineering 
Aeronautical Battalion of the Italian Army with models of 
two types of semi-lozenge shaped hangars (Fig. 1 A and B), 
where the pressure curve and the magnitudes of the pres- 
One 
sees at once that the pressure curve has nothing to do with 


sures, at various points of the profile, are indicated, 


either the sine square or simple sine law, or indeed with any 
law based on the angle of incidence. The wind pressures 
along the frontal surface of the structure rapidly diminish 
as the curve inflects, and become zero some time before the 
tip of the lozenge is reached; moreover, they become negative 
all along the rear surface, a fact which is not shown by the 
formula: There is therefore quite an important partial 
vacuum, independent of the curvature of the structure, and 
it appears that the wind pressure on each element depends 
net so much on the angle of incidence at that point as on 
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the location of that particular element with respect to the 
rest of the structure. 

When, however, one comes to the consideration of the ques- 
tion as to which formula would be more acceptable than the 
old official formula, one finds that while this official formula 
is incorrect, any other formula which might be derived at the 
present time would be just as likely to be based on arbitrary 
assumptions and involve coefficients of doubtful value. 
Whether the new formula would give better results is some- 
what doubtful, while it is a fact that structures built in ae- 
cordance with the old formula proved to be quite stable. The 
author, therefore, rather curiously arrives at the conclu- 
sion that while the old formula is admittedly incorrect 
it should still be followed, at least until an absolutely good 
new formula can be derived. 


INVESTIGATION OF THE DISTANCE OF FLOW OF A FOUNTAIN 
or Hor Air (Jzsledavaniye dalnaboynosti fontana teplava 
vozdookha, V. Slessaryoff. Journal of the Russian Metal- 
lurgical Society (in Russian), no. 6, 1913, p. 709. 5 pp., 3 
figs. e). In investigating analytically the problem of gas 
fountains one has to deal with a certain coefficient which 
takes care of the friction of the stream of gas against the 


Direction of. 
Wind Velocity 
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adjoining layers of air. Practically no experiments have 
been made to determine it. The author investigated the ac- 
tion of a stream of air in a special apparatus described be- 
low and manipulated the results obtained in such manner as 


to determine the coefficient K in the equation of I. G. Yes- 
man: 


2 ts — ty 
where H is the distance of flow of the fountain in meters, v 
initial velocity in meters, t; temperature of the moving 
stream, t, temperature of the surrounding stationary medium 
and K a coefficient. 

In Fig. 2 A (outflow nozzle) H is height of flow of the 
fountain of warm air, H/,, height of flow of the fountain of 
unheated air. Normally to the direction of the stream is 
laid off the speed of the flow of air v; the solid curve rep- 
resents the law of variation of velocity as a function of the 
distance of the heated stream having an initial temperature 
ta; the dotted curve represents the law of variation of ve- 
locity of the unheated stream. The figure shows that the dis- 
tance of flow of the heated stream is less than that of the 
unheated steam. If the magnitudes of the velocity and tem- 
perature be substituted in the equations, we shall obtain H 
larger than that obtained experimentally. We must there- 
fore introduce into the equation a coefficient K which would 
satisfy the equation. The author found that the value of 
this coefficient is K = 0.7. 

The experimental apparatus is shown in Fig. B. On a 
special support is placed a small electrie motor, carrying on 
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its shaft the drum of a small Siroeco blower with the out- 
flow nozzle directed in such a way that the stream of air goes 
vertically downwards. The blower can deliver up to a ve- 
locity of 16 meters per second, this velocity being regulated 
within wide limits by means of a double rheostat placed on 
top of the supports. The air enters the blower through a 
bend with a little dome under which has been placed a kero- 
sene lamp for heating the air; this lamp can be raised and 
lowered as desired by means of a movable support and serew. 
Two valves are placed in the tube for regulating the temper- 
ature of the air, one taking care of the warm air and the 
other of the cold air; by lowering the lamp and by manipu- 
lating the valves one could obtain practically any desired 
temperature for any given velocity of the outflow of air. At 
the beginning of the stream, the temperature would be meas- 
ured by means of an ordinary thermometer located on the 
support, but the temperatures in the other parts of the 
stream have to be measured by a special thermometer which 
would be sensitive to rapid variations of the temperature of 
the air. Such a thermometer was made by the author in the 
shape of a conical vessel with walls of very thin copper (0.03 
mm. or 0.001 in. thick), the inside of the cone being con- 


TABLE 1 DISTANCE OF FLOW OF A FOUNTAIN OF HOT AIR 


| | 
ta Meters Hy Meters H 


Deg. Cent./Fahr. | Actual Calculated K= My 
60/140 1.08 1.58 | 0.683 
75/167 
85/185 0.745 1.015 | 0.730 


| 0.835 1.18 0.707 
| | Kaverage =0.707 


tp =15.5 and Umax =2.2 


nected by a thin rubber pipe with an alcohol manometer. 
The air becomes heated in the vessel, expands and displaces 
the alcohol in the glass tube of the manometer; after the in- 
struments have been properly calibrated, one can read the 
temperature from the manometer seale. In order to avoid 
the disturbing influence of barometric pressure, the internal 
space of the reservoir is placed from time to time into com- 
munication with the external air. Copper was selected as 
the material for this vessel owing to its high heat condue- 
tivity. The velocity of the flow of air was measured by an 
ordinary wing anemometer. The experiment was :arried on 
in a large room with a temperature of the surrounding air 
of 15.5 deg. cent. (59.9 deg. fahr.), the room being so Jarge 
that the blast of warm air practically did not affeet the room 
temperature. The results of the investigation are presented 
in Table 1. 

In the first column is given the initial temperature of the 
gas fountain, in the second the distance of flow of stream 
H, then H,, the distance of flow of stream caleulated from 
the Yesman equation (with coefficient unity), and in the last 
column values for the coefficient K. The initial velocity was 
all the time maintained constant and equal to 2.2 meters (7.2 


ft.). The distance of flow of the stream of the fountain ean . 


be determined very exactly by means of the air thermometer 
described: even after the anemometer has stopped entirely, 
the thermometer would still indicate a flow of warm air. The 
coefficient K appears to vary somewhat with the initial tem- 
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perature, but for practical purposes its value may be ae- 
cepted as 0.7, 


Heating 

THe Water CircuLtaTion System 1x THE Hor WATER 
CentraL Heatinc PLant or THE County Hospital At 
Kremsier (Uber den Wasserumtrieb des Warmwasser- 
Fernheizwerkes der Landesheil- und Pflegeanstalt in Krem- 
sier (Mihren), F. Heinl. Zeits. des Vereines deutscher In- 
genieure, vol. 58, no. 17, p. 658, April 25, 1914. 3 pp., 5 
figs. de). The article describes the hot water central heating 
plant at the County Hospital in Kremsier, the interest of 
which lies in the fact that at first pumps were used for driv- 
ing the hot water, but in 1912 they were replaced by a jet 
apparatus. 

The boiler plant consists of one low-pressure hot waiter 


Fic. 2, A anp Fiow or « Fountarx or Hot Air APPARATUS FOR 
Measvrine It 


boiler of 75 qm. (807 sq. ft.) heating surface and two high- 
pressure steam boilers of 140 qm. (1506 sq. ft.) heating sur- 
face, each working at a pressure of eight atmospheres 
absolute. Originally three centrifugal pumps, working 
either singularly or in parallel, were used to drive water 
through the hot water boiler into the direct piping. These 
pumps were driven by direct-eurrent motors at 440 volts 
and 675 r.p.m. In the installation of the jet apparatus, the 
following points had to be considered: (a) the rise of tem- 
perature t-t, in the steam jet apparatus can be determined 
approximately from the equation t-t, = ah, where h is the 
delivery head in meters of water (difference of pressure 
between the direet and return flow) and a is a constant 
which has a value of 4 to 5.5 when the amount of water is 
right; (b) when, with a delivery head remaining constant. 
the amount of water is decreased, the amount of steam used 
remains nearly equal, and is therefore approximately in- 
versely proportional to the amount of water; (c) the amount 
of water ought not to fall below one-half to one-third of the 
maximum value. In the present case three jet apparatus 
have been installed having a diameter of 120 mm. (4.8 in.) 
for the water end and 80 mm. (3.2 in.) for the steam end, 
arranged in a manner such that they may be used either 
singularly or in parallel. Water in the jet apparatus is 
heated approximately 10 to 12 deg. cent. (18 to 21.6 deg. 
fahr.); for the measurement of the amount of water deliv- 
ered a venturi nozzle, M (see Fig. A), is used. 

Data of the tests of the plant with pumps are given in 
Table 2; temperature of water in the pumps during the tests 
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was on the average of 64 deg. cent. (147.2 deg. fahr.) and 
in passing the hot water boiler was raised to 77 deg. cent. 
(170.6 deg. fahr.). The pumps were inserted first singularly, 
then in pairs and finally all three together in parallel. The 
readings were taken for the amount of water @ in cu. fi. 
per hr., pressure difference in front of the pump and behind 
the hot water boilers, and current i, the voltage being always 
440 volts. From these were determined: the effective output 


Nerr = 75.3600 e.h.p., the electric input 1000 k.w., or Ne 
Nere 

h.p., and overall efficiency of pump and motor 7 Vv 


It was found that on the average a single pump had an 
efficiency of about 15, two pumps 26 and three pumps 34.5 
per cent. It appears therefore that the extraordinarily low 
efficiency of a single pump improves when two or more 


pumps are placed in parallel, and with three pumps the el- 
ficiency becomes nearly double. The cause of this lies in 
the following: the pressure heads of a pump are not static 
but are used to overcome resistance and may therefore be ex- 
pressed as h = kv = BQ’, where B depends on the piping; 
actually, from Table 2, it follows that 8 varies from 0.00057 
to 0.00059, or, on the average, is 0.00058. Pressure heads 
and amounts of water, as long as the resistance_in the piping 
is not changed, for example, by the shifting valves, give 
therefore parabolic curves. If, further, on the same dia- 
gram be plotted the characteristic curve of the pump, that 
is, the delivery curve for various delivery heads, at the points 
of intersection of the characteristic curve with the parabola, 
would be obtained the respective values for the pressure 
head and amount of water. Since one may assume that the 
pumps placed in parallel take part in the delivery at the 
same time, one obtains three points of the characteristic; for 
each pump, when h is equal to 2.3, 4.8 and 7.6 m., Q is equal 
to 63, 45.5 and 38 eu. m. per hour respectively. Thus 
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TABLE 2 DATA OF TESTS OF THE KREMSIER HOSPITAL HEATING PLANT. A PUMP CIRCULATION 


| | 
3 | | | For a Difference of Temperature between Direct and Return Flow of 
| 
3 58 lg | 14 Deg. Cent.—25.2 Deg. Fabr. 25 Deg. Cent.—45 Deg. Fabr. 
| 2 5 | 83 | $258 2Sas ~ $258 2245 
63/2224 2.3/7.54 5.80 0.54 | 5.75 | 3.43 | 15.6 | 0.60 | 882,000/3,501,540| 3.56 | 16.9 /|1,575,000/6,252,750| 6.37 9.5 
2 2 63/2224 2.35/7.54 5.93 0.55) 5.9 | 3.52 15.6 | 0.62 | 882,000/3,501,540| 3.56 | 17.2  1,575,000/6,252,750/ 6.37 9.7 
3 3 62/2188 2.25/7.23 5.85 0.52 | 6.5 3.88 13.3 | 0.68 | 868,000/3,445,960 | 3.51 | 19.3  1,550,000/5,973,500, 6.27 10.8 
4 | Land2 90/3178, 4.6/15.08 5.68 1.53 | 9.8 | 5.85 26.2 | 1.02 |1,260,000/5,002,200 | 5.10 2,250,000/8,932,500 | *10.91 11.2 
5 land 3 | 90/3178, 4.7/15.41) 5.80 | 1.57 |10.0 5.98 | 26.3 | 1.05 |1,260,000/5,002,200 5.10 20.5 2,250,000/8,932,500 | *10.91 11.5 
6 | 2and3 | 94/3319 5.2/17.05) 5.89 | 1.81 11.15 | 6.67 | 27.2 | 1.16 |1,343,000/5,331,710| 5.45 | 21.4 2,350,000/9,329,500 | #1095 | 12.2 
7 |1,2, and 3115/4060 7.65/25.08| 5.80 | 3.26 |15.8 | 9.45 | 34.5) 1.65 |1,610,000/6,391,700 6.51 | 25.4 2,875,000/11,413,750; 11.61 | 14.2 
| 


* The original has 0.91, 0.95 respectively. 


over the first characteristic plotted may be the efliciency 
eurve. From the above it follows that the cause of the low 
efficiency of pumps running singly lies in the fact that their 
resistant head is too small while the delivery head must have 
to be designed large in order that the pump should not stall 
when placed in parallel. This could be obviated only by 
using for small amounts of water a small pump with a 
small delivery head, and for large amounts a large pump 
with a large delivery head, but even then the efficiency would 
not exceed 25 to 30 per cent. 

The jet apparatus have given results shown in Table 3. 


h 
The value of 8B = Q? which represents the resistance in 


the piping, is on the average equal to 0.00056, that is, less 
than in the pump plant. The noise in the apparatus is very 
small and hardly noticeable even at a small distance. The 
system has been at work since January 1913 and has given 
complete satisfaction. As compared with the pump system, 
the jet system has the following advantages: the expense for 
the electric current, which amounts to about 15 per cent of 
the coal bill, is eliminated owing to the absence of moveable 
parts. The working of the system is extremely simple and 
reliable. The installation and maintenance cost of the jet 
apparatus is lower than in the case of pumps and electric 


motors. Since the circulation does not require power, the 
main pipes may be made of considerably smaller diameter, 
which means lower cost of installation and insulation of the 
pipes as well as lower losses through radiation, owing to de- 
creased surface of the pipes. The use of the jet apparatus 
is, however, limited by the fact that it requires high pressure 
boilers. They work as efficiently as hot water boilers, but 
must have an installation of their own, and therefore jet 
apparatus for heating purpose can be efficiently applied only 
in large plants. 


Machine Shop 


Nut Locks (Les freins d’écrous, L. Letombe. Mémoires 
de la Société des Ingénieurs Civils de France, ser. 7, vol. 7, 
no. 2, p. 219, 8 pp., 11 figs. d). The Cheneau nut lock 
consists of a steel wire bent spirally arranged in a way such 
as to tighten with a certain initial tension over the thread 
both of the bolt and the nut. The upper and lower ends 
of the wire are bent at right angles towards the bolt; the 
end of the wire coming from the uppermost spiral is long 
enough to pass into a hole previously drilled in the nut. The 
nut, therefore, carries with it the wire brake during the 
screwing as shown in Fig. 3. Since the resistance of the 
wire to friction when passing over the thread of the bolt 


TABLE 3 DATA OF TESTS OF THE KREMSIER HOSPITAL HEATING PLANT. B JET APPARATUS 


3 > | . | g = Temperature in Front and fe = 
Z on $3 8 Behind the Jet Apparatus, 
| EO Deg. Cent. /Deg. Fahr. = 
8 1 5.6 | 81/2860 | 3.6/11.8 5.50 | 1.20 47.5/117.5 | 57.5/135.5 10/18 5.26 slightly throttled 
9 1 5.3 94/3319 | 4.7/15.4 5.32 | 1.64 48/118.4 60/140 12/21.6 5.53 | wide open 
10 1 | 5.5 56/1976 | 1.8/5.8 5.76 0.37 48/118.4 58/136 .4 10/18 7.A7 throttled 
ll 2 | 5.4 97 /3425 5.0/16.4 5.31 1.80 48/118.4 61/141.8 13/23.4 5.81 | wide open 
12 2 | 5.6 | 80/2825 3.5/11.5 5.47 1.04 } 48/118 .4 | 59/138 .2 11/19.8 5.89 throttled 
13 3 5.2 | 95/3355 4.7/15.4 | 5.22 1.65 48/1184 | 60.5/140.9 12.5/22.5 5.77 wide open 
14 3 5.5 80/2825 3.4/11.2 | 5.32 1.01 48/1184 59.5/139.1 11.5/20.7 6.25 | throttled 
15 2 and 3 | 4.8 172, 6073 too small 48.5/119.3 63/145.4 14.5/26.1 daca 
16 2 and 3 | 4.9 142/5013 to be read | 50/122 64/147.2 14/25 .2 throttled 
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results in loosening the spirals of the wire, there is no 
trouble in tightening the nut, but if at any time it should 
be desirable to turn the nut the other way, the spiral, in 
tightening, provides such an effective braking that it is 
necessary to break the wire before it can be loosened. There- 
fore, when it is desired to loosen the nut, the wire must 
first be turned loose, which may be done simply, as shown 
in Fig. E. All that is necessary to permit use of the 
Cheneau brake is to drill a hole in the nut, and in order 
to do that a special templet, shown in Fig. F, may be used. 


UniversaL Rectirier (Rectificateur universel. Omnia, 
vol. 9, no. 431-14, p. 210, April 4, 1914. 1 fig. d). The 
universal rectifier was designed to restore the cylindrical 
shape of any piece deformed by usage owing to its having 
been made in two parts. It may be used practically in any 
case and is based on the principle of continuity. The piece 
rectified is held between the two jaws of the apparatus and 
these are brought closer together by means of screws shown 
in the drawing. One jaw has a roller E (Fig. 4) and an- 
other a knife edge F. When the distance between the jaws 
is considered to be sufficient, the rectifier is turned round by 
the handles D, somewhat like a capstan, and in a few min- 
utes the piece is made perfectly cylindrical. 


Materials 

COMPARATIVE TESTS OF PROCESSES FOR IMPREGNATING 
Mine TimpBer ergleichsversuche mit Imprdagnierungsver- 
fahren fiir Grubenholz, O. Dobbelstein. Gliickauf, vol. 50, 
no. 16, p. 611, April 18, 1914. 7 pp., 11 figs. e. Cp. 
Jahresbericht des Vereines fiir die bergbaulichen Interessen 
im Oberbergamtsbezirk Dortmund fiir 1913, Essen 1914, p. 
162). By request of mine owners, the council of the Asso- 
ciation of Mining Interests in the Dortmund mining section, 
in 1912, made some comparative tests of various methods 
of wood impregnation in common use, to determine among 
other things in how far impregnation of mine timber is eco- 
nomical, The cireular inquiry elicited data which showed 
that notwithstanding the increased application of iron and 
reinforced conerete for mine structures in the Ruhr coal re- 
gion, wood impregnation was still of considerable impor- 
tance. For the tests pine wood was used of dimensions to 
suit the available impregnating tank, 1.9 to 1.5 m. (74 to 59 
in.) long and 15 to 16 em. (5.9 to 6.2 in.) in diameter. The 
article describes in detail the experimental arrangement and 
apparatus used. 

The tests were made with the following materials: the 
basilit process, in which a salt is used consisting of 88 parts 
of sodium fluoride and 12 parts of dinitrophenolanilin (a 
1.67 per cent solution, 2 deg. Bé. and a temperature of 11 
deg. cent. (or 51.8 deg. fahr.). The next test was made with 
a process in which a 2.4 per cent solution of oxymercuri- 
chlorphenolsodium and sodium sulphate, commercially known 
as Bayer salt. Next tests were made on impregnation with 
mereury silicate consisting of a mixture of 1 kg. sublimate, 
76 kg. of water glass, 0.71 kg. of ammonia and 1 eu. meter 
of water. A special salt known in trade as Gliickauf was 
also used consisting mainly of nitrated phenols, as well as 
tests with the well-known Riiping process of tar-oil impreg- 
nation ; also, with a substance known as mykantin, consisting 
of 24 per cent dinitrophenol salts, 36 per cent ligninsulphate 
salts and 40 per cent water and impurities. The article gives 
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detailed data and costs with reference to German conditions. 
The impregnated pieces were sent into four different mines, 
each mine receiving at least one piece from each process 
tested and arrangements have been made for the determina- 
tion of temperature and moisture as well as for gas analysis 
at stated intervals. 

In a year’s time the testing committee will inspect all the 
test pieces and make a report on the condition of the pieces, 
and will establish the inflammability of the timbers, ignition 


Fic. 3 Cneneav Not Lock 
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point and time taken until full combustion starts. Five 
years from the beginning of the test the timbers will be 
sent to a testing laboratory and there tested for mechanical 
strength and inflammability. 


Mechanics 


CONCERNING THE Use or Jet Apparatus as MIxiInG Ma- 
CHINES (Zur Verwendung der Strahlapparate als Mischmas- 
chinen, Oskar Nagel. Chimiker-Zeitung, vol. 38, no. 48, p. 
513, April 21, 1914. p). Jet apparatus have recently been 
rather widely used for delivery of liquids and gases. Their 
great advantage consists, of course, in the fact that they 
have practically no moving parts, and therefore permit easy 
and safe handling, as well as that they are free from break- 
age. On the other hand the mechanical efficiency of such 
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apparatus is very low on account of the fact that nearly 75 
per cent of the energy of the jet issuing from the nozzle is 
lost in the eddies created in front of the second nozzle, from 
which gas or liquid delivery is coming. This amount of en- 
ergy is consumed in mixing the active fluid with the fluid 
delivered. This large loss does not matter so much where the 
jet apparatus is used only intermittently, that is say for a 
few hours a day or a week. Nevertheless, it appears that it 
is primarily not a delivery apparatus at all, but a mixing 
device. In the present article, the author suggests its use 
as such, especially in connection with the chamber process 
ot producing sulphurie acid, where at present the chambers 
have to be large to permit of intimately mixing the gases. 

This difficulty ean be overcome with the steam jet appa- 
ratus, and the arrangement which the author suggests con- 
sists in having all the gas pass through several jets, to be 
delivered into the chamber by means of a steam jet appa- 
ratus which would produce a very intimate mixture between 
the gas and the steam. In order to make the eddy action of 
the apparatus as thorough as possible, he advises that before 
the gas enters the apparatus the pressure be reduced to be- 
low atmospheric pressure. With this arrangement the high- 
est efficiency of the mixing process may be obtained, 1 kg 
of steam at 2 atmospheres pressure delivering through the 
nozzle 20 cbm. of gas, and since considerably less steam is 
thus required for the jet apparatus than for the formation 
of sulphuric acid, additional steam may be introduced into 
the chamber either by means of a second large jet apparatus, 
in which case it would produce an inerease of draft, or by 
injecting a certain amount of water directly into the cham- 
ber. The author points out also that an atomizing nozzle 
may be used to a certain extent as a mixing nozzle or as an 
absorption apparatus, but when an atomizing nozzle is used 
for this purpose, it should be enclosed in an appropriate cas- 
ing arranged in such a manner that every gas particle be 
compelled to pass through the liquid enclosure. 


A Hypropynamic ExpertMent (Expériencé d’idrody- 
namique, D. Riabouchinsky. Jl Bollettino dell’Aero Club di 
Roma, vol. 9, no. 1, March 1914, p. 7. 1 p., 2 figs. e). The 
author has previously found that a rectangular plate im- 
mersed in water cannot be given a movement of self rotation 
while the same plate will rotate with great energy in air. 
This difference could not be ascribed to the influence of vis- 
cosity since in his experiments he dealt with currents of 
water and air, the respective velocities of which were pro- 
portional to the kinematic viscosities of these two fluids. 
The next supposition was that this phenomenon depended 
on the moment of inertia of the plate. In accordance with 
the method of variables of zero dimension, we have here 

mr 

v er 
where is the number of revolutions of the plate in a unit 
of time, r one of its linear dimensions, c moment of inertia 
of the plate, ¢ density of the surrounding medium, v velocity 
of the current and f a function which is to be determined. 
It appeared theoretically probable, however, that even should 
the moment of inertia of the plate be increased in propor- 
tion to the density of the surrounding medium, the plate 
would remain quite stable and normal to the direction of the 
current, and it is only with considerable effort (while using 
high velocities of flow) that one could succeed in foreing the 
plate to abandon this position, to which, however, it would 
rapidly return. 
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In order to test experimentally this assumption, the 
author constructed the apparatus shown in Fig.5 A. A rect- 
angular sheet plate a (0.3 x 0.075 m., 11.8 in. x 2.95 in.) 
has an axis b which rotates with very little friction in a ball- 
collar thrust-bearing ¢ while the moment of inertia of the 
entire system may be varied by shifting the lead cylinders 
dd. Experience has shown that vanes of this kind immersed 
in a current of water could be easily given a movement of 
self rotation and that the rotation of the plate was the 
more uniform, the greater the moment of inertia of the sys- 
tem. If the moment of inertia of the system is not large, 
the eye can distinguish in the motion of the plate a noticeable 
angular acceleration every time the plane of the vane in 
running before the current passes into the third quadrant 
(Fig. B). The minimum moment of inertia at which the 
motion of self rotation begins, without becoming stable, may 
be approximately estimated as being equal to twice the mo- 
ment of inertia of a cireular cylinder of water having a 
length equal to the length of the plate and a basis with a 
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diameter equal to the width of the plate. In order that a 
plate should turn continuously, the moment of inertia of the 
system must be equal to at least five times the moment of 
inertia of such a cylinder. 


Railway Shops 


New Furnace ror Systematic Heat TREATMENT OF 
Tires (Novaya metodichskaya pech dla termicheskoy abra- 
botki bandajey, B. Grum-Grzimaylo. Journal oj the Rus- 
sian Metallurgical Society (in Russian), no. 6, 1913, p. 706, 
d). The furnace for mass production of tires must satisfy 
the following requirements: (a) Each tire must be equally 
heated all along its circumference. (b) All tires in one bateh 
must be heated equally at an equal rate and must remain in 
the heated state the same length of time. (c) When the re- 
quired temperature has been reached, arrangement must be 
made for the tire to be taken out easily and rapidly so as 
to undergo the operations required by its treatment and the 
cooling required. 

The furnace described in the present article is said to be 
able to satisfy all these requirements. The tires laid one 
over the other are placed on the platform of a crane which 
acts also as the bottom of the furnace (inverted flame). The 
gases are produced in a special furnace and travel as shown 
by the arrows, passing gradually downwards and encircling 
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the column of tires both inside and outside. The uppermost 

7 tire is heated up to the required temperature (registered by 
q a thermometer), while the lower tires are being prepared. 


When the uppermost tire becomes hot enough, it is taken out 
through a window made in the wall of the shaft at the level 
of this tire. At the same time a new cold tire is introduced 
into the furnace, which is done in a very simple manner. 
Owing to the convenient form of the tire and presence of the 
flange, the entire column can be easily clamped side-wise by 
three clamps and held suspended while the bottom of the 
furnace is lowered by a crane. A new tire, Fig. B, is placed 
on the bottom, which is then raised, the clamps removed and 
the entire set of tires raised up by the height of one tire. In 
this position the upper tire will take the place of one which 
‘4 has just been removed, while the latter is treated as required. 
If tull heat treatment with annealing is required, a second 
furnace may be installed for the annealing part but this 
furnace does not have to be heated at all. On the contrary 
. cold air will be admitted from below, will cool the lowest tire, 
gradually rise upwards, and escape through the opening in 
the dome, provided by a throttle regulating the rate of cool- 
ing of the tires. The tire which is to be cooled will be placed 
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in the second furnace on top and will be removed from below 
by means of clamps and a crane. This furnace provides for 
a systematic, absolutely uniform heating of tires at the rate 
equal for all tires and also permits of measuring conveniently 
the temperature of the heated tire. In this way it permits 
a continuous mass production of tires, heated and treated in 
an absolutely uniform manner. 


Steam Engineering 
CONCERNING 


THE DETERMINATION OF EFFICIENCY OF 
Biast-Furnace Gas Boiters (Zur Ermittlung des Wirk- 


ungsgrades Stahl und 


von Hochofengas-Dampfkesseln. 
Eisen, vol. 34, no. 16, p. 674, April 16, 1914. 3 pp., 2 figs. 
; p). The heat consumption of a blast-furnace gas boiler is 
composed of the following three parts: (a) Heat usefully 
consumed, that is, transferred to the water evaporated (effi- 
ciency). (b) Loss of heat through the flue plus heat carried 
off in unburned gas particles. 
and conduetion. 


(c) Loss through radiation 
Other losses which oceur in steam boilers, 
such as losses through soot and grate residues, do not exist 
: in blast-furnace gas heating. 
This makes possible a method of determination of the 
boiler efficiency exclusively by means Of analysis and tem- 
| perature measurement of the heating gases and flue gases. 
Of the three parts into which the heat consumption of a 
blast-furnace gas heated boiler is divided, the loss through 
radiation and conduction is comparatively small and subject 
to variations only within narrow limits. 


Of course, no gen- 


REVIEW O12: 
eral statement can be made as to its magnitude, which de- 
pends in particular cases on the size and construction of the 
boiler and efficiency of the insulation, but usually it varies 
between 2 and 10 per cent at normal loads. As a rule one 
may estimate that in a watertube or firetube boiler, the abso- 
lute value of the loss through radiation and conduction varies 
proportionally to the load, but its relative value changes 
within narrower limits and perhaps even remains constant; 
at any rate the value of this source of loss may be deter- 
mined for each boiler system once and for all by proper tests. 

The author believes that even when the load is variable, the 
loss through radiation and conduction may be estimated cor- 
rectly to within 2 or 3 per cent, which is entirely satisfac- 
tory for carrying out the determination of boiler efficiency 
in accordance with the present method. The losses through 
flue gases and incomplete combustion may be very easily de- 
termined from knowledge of the temperature and chemical 
composition of the blast-furnace gas and flue gas, whereupon 
by knowing the specific heats and heats of combustion of 
each particular gas, may be determined the losses through 
free and latent heat of the flue gas referred to one cubic 
meter of the heating gas. The heating value of the latter 
is known from the analysis of the blast-furnace gas, and the 
boiler efficiency appears therefore as the difference between 
the heating value of the blast-furnace gas on one side, and 
combined losses through flue gas, radiation and conduction 
on the other side. 

An objection might be raised that the determination of 
the flue gas losses is uncertain in view of the uncertainty of 
the data concerning the specific heats of the gases; this how- 
ever is not quite so. While the values of specific heats of 
gases may still be considered doubtful at very high tempera- 
tures, their values at low temperatures such as oceur in the 
flue of a steam boiler may be considered to be fairly well 
established (the author gives the table of specific heats of 
two-atomic gases, water and carbondioxide referred to gram- 
molecule, as determined by Langen, Pier, and Holborn and 
Henning), the maximum error being between 0.04 and 0.06 
of the heating value of the blast-furnace gas. One must not 
forget also that direct determination of boiler efficiency, when 
superheated steam is used, is based on the specific heat of 
steam which also cannot be considered to be fully established. 

In order to test the applicability of this process under va- 
rious conditions, the author considers the following contin- 
gencies: (a) The amount of gas, its heating value and ratio 
of gas to air remain constant. 


(b) The amount of gas va- 
ries as shown in Fig. 7 A, while the ratio of gas to air during 
each single phase of load variation remains constant. The 
same applies to the heating value of gas. (c) The amount 
of gas and ratio of air to gas vary all the time. 
Case (a) happens only when a certain boiler construction 
or a certain kind of gas is investigated and the plant is run 
so as not to be affected by outside influences. In such a case 
it is sufficient to take one test of the heating gas and flue 
gas and make one temperature determination for each of 
them at any time. In case (b) the efficiency is determined 
for each particular phase of load variation as in case (a) 
and the average efficiency is determined in accordance with 
the formula 
h.q,t.n, + + + .... 
hqt, + hat, + hat. +.... 
For the determination of 7, it is therefore necessary to 
know the amount of gas consumed in each phase. The ad- 
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vantage, as compared with the direct method of determina- 
tion, is therefore quite important, since in this process are 
required not the absolute values but the ratio of the single 
velocities or single amounts of gas consumed in different 
phases, and even large errors in the determination of the 
relative velocity will have only a slight influence on the pre- 
cision of results. The taking of tests and measurement of 
temperature may be made at any time during the single 
phase of load variation, but, of course, only after the plant 
has come into the normal state of operation, say 1 or 2 min- 
utes after the variation of the amount of gas admitted. Only 
in the case when the heating value of the gas varies, the tak- 
ing of tests should be made during the entire duration of the 
phase. Instead of determining separate gas amounts and 
efficiencies, and calculating from them the average efficiency, 
one may also take a continuous sample of blast-furnace gases 
and flue gases during the entire duration of the experiment 
and determine the average efficiency from this continuous 
sampling. In order to make the composition of the test sam- 
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ples correspond absolutely to the average composition of the 
blast-furnace gas or flue gas, it would be necessary to vary 
the suction velocity at which the test sample is taken in pro- 
portion to the respective velocity of the gases. Actually, 
however, it is sufficient to vary the suction velocity of the 
gas samples only in proportion to the velocity of the blast- 
furnace gas. 

Case (c) comes into consideration when the gas pressure 
varies considerably. The determination of the average effi- 
ciency is then carried out, as in the preceding case by con- 
tinuous suction of test samples of the blast furnace and flue 
gases. 

In order to determine how far the average efficiency as eal- 
culated depends on the possible errors in the determination 
of the relative gas values, the following example is numeri- 
cally carried through; the gas admission takes place in two 
phases of load variation in accordance with Fig. 7 B. The 
average efficiency is therefore 
Q:0.7 + 2Q,0.8 

3Q 
If the velocity of the flue gas in the first phase of load va- 
riation has been measured 10 per cent too small and if the 
second phase 10 per cent too large, the average efficiency 
will be found to be 
0.99,.0.7 + 2.29,0.8 
3.1Q 
only 0.4 per cent too high. 


= 0.767 


qm = 


Tm 


-= 0.776 


Stream CoNsUMPTION OF A ROLLING MiLL 
Stream EnGine (Dampfverbrauch einer Walzenzug-Gleich- 
strom-Dampfmaschine, H. Ortmann. Stahl und Eisen, vol. 
34, no. 17, p. 709, April 23, 1914. 2 pp., 2 figs. e). The 
article describes some tests on steam consumption of a 
straight-flow steam engine used to drive a three high rolling 
mill. As the work of the mill increased, the engines used 
to drive were at the time found to be too weak, until finally 
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a large straight-flow steam engine of the most modern design 
was installed of 1700 mm. bore, 1400 mm. stroke and 100 to 
130 r.p.m. This engine is provided with a quiet running 
automatic valve gear and an independent and very sensitive 
governing. The speed of rotation remains pretty constant 
even during rolling and after very large overloads or falls 
of load it is very rapidly brought to the normal level. The 
regulation of the engine takes place far more rapidly than 
was the case with the tandem engine, which is, of course, 
a result of the simpler construction of the single cylinder 
engine. The speed, as a rule, is 100 r.p.m., but when small 
shapes are rolled it may be raised to 130 r.p.m. The boiler 
pressure with the present boiler is eight atmospheres, but it 
is proposed to raise it to 12 atmospheres, with corresponding 
changes in the cylinder. The steam consumption was guar- 
anteed by the manufacturers at 5.2 kg. (11.44 lb.) per i.h.p- 
hr. at seven atmospheres gage pressure at the engine and 
300 deg. cent. (540 deg. fahr.) superheat. The steam con- 
sumption at various loads does not vary much. As deter- 
mined from the diagrams, the steam consumption appears 
to be as follows: 


Steam Consumption per H.P-Hr. 


At LHLP. Kg. Lb§ 
2700 5.3 11 66 
4000 5.2 11 44 
5300 5.45 11.99 
6650 6.1 13.42 
8000 7.3 16.06 


These favorable figures led to a belief that, considering 
the former steam consumption of 9.5 kg., the new engine 
would pay for itself in a short time. After the engine had 
been in operation for about six months it was decided to 
determine its actual steam consumption, and to do this a 
brake test was undertaken, with the engine working for 
three hours at an average rate of output of 3000 h.p. This 
test was followed by a second test with a load of 1820 hip. 
on the engine, which was required in order to establish how 
consumption varies with variations of load. Every 5 minutes 
during the tests diagrams were taken. Condenser losses be- 
tween engine and boiler were taken into consideration in 
determination of the steam consumption. The condenser 
plant, located near the engine, is driven by electric motors 
and consists of centrifugal pumps for handling the water 
of condensation and an electrically driven air pump. The 
power consumption of the condenser plant was continuously 
measured by a recording wattmeter and was found to be 
115 h.p. Table 4 gives the test data; since the data obtained 
during the test referred to a given steam pressure and tem- 
perature of superheat, they had to be recalculated in order 
to find the values of steam consumption for guaranteed 
conditions. 


TABLE 4 DATA OF TESTS OF A STRAIGHT-FLOW STEAM ENGINE 
DRIVING A ROLLING MILL 


Test 1 Test 2 

Length of test, hours.............. 3 1.5 
Average pressure at the engine, atmospheres gage 6.3 7.03 
Steam temperature, deg. cent./fahr.. 283 /541.4 289 9/553.8 
Vacuum, per cent............. aerate ; 87.5 89.9 
Average output, i.h.p. (continental)*.......... . 2982 1822 
Steam consumption, as measured, without con- 

densation, in kg./lb. per i-h.p-hr............ 5 .83/12.82 4.6/10.12 
Steam consumption reduced to 7 atmospheres gage 

pressure, 300 deg. cent. (540 deg. fahr.) super- 

heat, 90 per cent vacuum, without condensa- 

tion, in kg./Ib. per h.p-hr................ 5.3/11.66 4.5/9.9 
Power consumption of the condenser plant, per 


* A continental horsepower is equal to 736/746 American horsepower. 
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High Frepwater PREHEATING ON STeAMERS (Jloke 
Speisewasservorwirmung auf Dampfern, Otterdinger. Zeits. 
des Vereines deutscher Ingenieure, vol. 58, no. 16, p. 617, 
April 18, 1914. 5 pp., 2 figs. ded). The author presents 
a new method of preheating boiler feedwater particularly 
adapted to use on steamers. He proposes to preheat the 
water by exhaust steam from auxiliary engines and receiver 
steam to a temperature of 140 deg. cent. (284 deg. falhr.) 
and higher. The advantage of such high preheating of feed- 
water lies first in the improvement of the elliciency of the 
engine plant, and second in the beneticial action on the life 
of the boiler, which is in this way spared from the heavy 
stresses consequent upon the injection of comparatively cold 
water. In addition, the higher the temperature of the water 
the freer it is from air, which is objectionable when present 
in the boiler. For such high preheating of the feedwater 
two-stage preleaters in series are used, working on steam 
of different pressures. When such preheaters are used in 
connection with triple or quadruple expansion engines, they 
may first be heated by the exhaust steam from the auxiliary 
engines with an addition of steam from the low pressure 
receiver. From this preheater the water passes into the 
second element, where it is heated by the steam from the 
intermediate pressure receiver, the pressure of the steam 
in the second element being maintained at a higher level 
than in the first preheater, i.e., at about the same level as 
the pressure in the intermediate pressure receiver. Fig. 8 
shows the arrangement of such two-stage preheaters, where 
the entire set is inserted into the pressure piping of the feed 
pump, although the first preheating stage might also be 
inserted into the suction piping of the pump. In general, 
however, it would appear to be advisable to make both pre- 
heating elements of equal size and construction and to place 
them on to the pressure piping, providing them with means 
for air and oil separation. To regulate the pressure of 
the heating steam in the second stage, a throttling valve is 
provided so arranged that the water of condensation of the 
heating steam, but not the steam itself, is allowed to pass. 
In order to avoid heat losses the entire water of condensa- 
tion from the heating steam must pass into the suction pip- 
ing of the feed pump or the tank of the air pump. If the 
feed pump is of the plunger piston type it is advisable to 
lead the water of condensation from the heating steam of 
the second preheater stage not directly to the suction side 
of the feed pump but into the heating steam space of the 
first preheater stage, in order that it should give up there 
as much as possible of its heat before it reaches the feed 
pump together with the rest of the water of condensation 
from the first preheater stage. In this way the feedwater 
at the suction end of the pump remains comparatively cool 
notwithstanding the high degree of preheating on the pres- 
sure side of the pump, which is of importance for the good 
working of the feed pump. 

The following tests were made to show the advantages 
derived from higher superheating of feedwater by two-stage 
preheater arrangement involving the use of steam from an 
intermediate pressure receiver. The boiler was provided 
with artificial draft (Howden process) and Schmidt super- 
heaters and had the following dimensions: heating service 
of boiler in contact with water, 396 qm.; grate area, 95 qm. 
(1021 sq. ft.); heating service of superheater in contact 
with steam, 182 qm. (1959 sq. ft.) ; and steam pressure 13.5 
atmospheres. The main engine was a triple expansion ver- 
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tical marine engine with surface condensation and pumps 
driven by connecting beams and had the following dimen- 
sions: stroke, 1050 mm. (41.3 in.) ; diameter of high-pressure 
cylinder, 600 mm. or 23.6 in.; intermediate cylinder, 970 
mm. (38.1 in.); and low-pressure cylinder 1575 mm, (61.8 
in.). The two-stage feedwater preheater was inserted into 
the pressure piping of the feed pump, the heating area in 
either stage being 7.5 qm. (80.7 sq. ft.), thus making a total 
of 15 qm. (161.4 sq. ft.) 

Two tests have been made. In test A the plant was run 
with preheating of feedwater by exhaust steam from the aux- 
iliary engines and receiver steam from the low-pressure re- 
ceiver in the first stage and by intermediate pressure receiver 
steam in the second stage. In test B, the plant was run in 
the same manner as in test A, but the heating steam from 
the intermediate pressure receiver was cut off and only the 
first stage of the preheater was working (in the same man- 
ner as in test A). The degree of admission in the steam 
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cylinder was the same in both cases. The data obtained in 
the tests are shown in Table 5, while Table 6 gives the 
comparison of the data of the two tests recalculated. The 
feedwater in the first test was heated to 126 deg. cent. (258.8 
deg. fahr.) and in test B to 79 deg. cent. (174.2 deg. fahr.). 
No measurement of coal consumption was made, but the 
water returned by the feed pumps to the boiler was meas- 
ured by a water meter of the Kegler type. The heat consump- 
tion calculated from these values gives a more reliable basis, 
for the estimation of the operating conditions present than 
would be possible to make from the measurement of coal 
consumption. During the tests A and B no auxiliary feed- 
water was admitted. The heat consumption figures per in- 
dicated horsepower-hour given in Table 6 seem to be too 
good, but, for the purpose of comparison between the two, 
this does not matter. Heat losses which occur during the 
test may be assumed to be distributed evenly over the entire 
duration of the tests. During both tests the ventilation 
machinery, steering gear engine, and ash-hoist were driven 
by steam, the ventilation constantly, steering gear as neces- 
sary, and the ash-hoist to lift from 22 to 24 buckets at each 
test; the weather was good, the sea nearly quiet and the 
steering gear engine only little used. The author reports 
also control data obtained from an investigation of indicator 
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diagrams taken during the same tests. Both methods indi- 
cated a heat saving of from 3 to 4.2 per cent when the tem- 
perature of feedwater is maintained at from 126 to 136.5 
deg. cent. (258.8 to 277.7 deg. fahr.). The cause of the 
heat saving lies in the high latent heat of steam. The steam 
from the intermediate pressure receiver proceeds to do 
further work in the intermediate and low-pressure cylinders 


TABLE 5 DATA OF TESTS OF FEEDWATER PREHEATING, ONE 
AND TWO STAGE 


Test A Test B 

Admission, per cent 

High-pressure cylinder,.................. , 62 62 

Intermediate 37 37 

Steam pressure, atmospheres 

High-pressure 13.1 13.0 

Intermediate pressure receiver.............. 5.65 6.05 

Low-pressure 1.69 1.70 

Steam temperatures, deg. cent. /fahr. 

High-preegure 268/514.4 278/532.4 

Intermediate pressure receiver...... 294/417.3 222/431.6 

Water temperatures, deg. cent. /fahr. 

Suction viping of feed pumps.............. 43/109.4 48/118.4 

Pressure piping of feed pump, first preheater 

Pressure piping of feed pump, second pre- 

Suction piping of circulation pump (sea water). 11/51.8 10/50 
Pressure piping of circulation pump at exit 

Air temperature in the machine room, deg. cent. 

Boiler draft in the air duct at the fan, mm. of water. 30 30 
Engine output in indicated h.p. 

High-pressure 430 371 

443 

440 444 

Ship speed as measured by log, knots.......... 10.7 10.8 
Quantity of water, as indicated by meter, liters/gal. 20620/5493 18870/4983 
Quantity of feedwater, kg./ 19362 /42596  18332/40330 
Specific weight of water at 1126 or 79 deg. cent. 

TABLE 6 RECALCULATED DATA OF TABLE COMPARED 

Test A Test B 
Boiler pressure, atmospheres..................+5 13.8 13.7 
Steam temperature in superheater. deg. cent /fahr. 285/545 295/563 
Average engine output, i.b.p...............5.5- 1265 1258 
Steam consumption 

Heat generation, WE/B.t.u. 

of steam coming from the superheater...... 721.3/2863.5 726.6/2884.6 

of feedwater from the boiler............... 126/490 .2 79/313.6 
Heat supplied to working fluid in boiler and super- 

heater, WE/B.t.u. 

(a) per kg./lb. of feedwater.............. 595.3/1071.5 647.6/1165.6 

3037/5466.6 3147/5664.6 

Saving in heat in test A as compared with test B, 


of the engine (having regard to the heat which reaches a 
boiler with the feedwater) at thermal efficiency of about 12 
per cent, while the steam which is taken from the interme- 
diate pressure valve casing and used for the higher pre- 
heating of the feedwater is returned to the boiler with the 
utilization of at least 90 per cent of its heat. This differ- 
ence in the efficiency of utilization of part of the steam 
accounts for the better saving of heat with the two-stage 
preheater. 


SurFace CoMBUSTION FOR BorLer HeatinG (Die flammen- 
lose Oberflichenverbrennung zur Kesselbeheizung, O. Dob- 


belstein. Gliickauf, vol. 50, no. 14, p. 525, April 4, 1914, 
11 pp., 10 figs. de). This article is based on the work of 
the German commission on coke ovens, which, in connec- 
tion with the Dortmund Association for the Inspection of 
Boilers, has carried out a series of tests on surface com- 
bustion boilers at which the inventors, Prof. W. Bone and 
R. Schnabel, were represented. The tests are prefaced by a 
brief description of the surface combustion boiler and im- 
provements which the German manufacturers are proposing 
to make in them. One of such improvements is the con- 
struction of a more condensed type of machine containing in 
itself a preheater and superheater, the latter being heated 
by a mixture of air and gas, burned in a loosely thrown fire- 
proot mass as shown in Figs. 9 A and B, the gases of eom- 
bustion combining with the boiler flue gases and passing 
out through the preheater v. Instead of sensitive gas cocks 
pipes of a cross-section practically equal to those of the 
fire tubes are used which the gas enters laterally, and 
the air from the rear. Not the gas admission but that ot 
the air of combustion is regulated by means of ring valves 
set in the rear part of the tubes. The gases come through 
the main pipe z and divide in front of the boiler through 
four horizontally placed side by side branches with small 
cross-section. These branch pipes pass between the ex- 
tension of the fire tubes and supply with gas each one of the 
two fire tubes. The lowest branch pipe is an exception, 
however, since only the second lowest row of fire tubes (see 
Fig. C) is connected with it. The lower five fire tubes, aa, 
have no supply of gas and air mixture, but are heated by 
exhaust gas coming through pipe a, from the separately 
heated superheater. In addition there are provided a smaller 
number of fire tubes, probably about 60, having a larger 
cross-section and being about 3 m. long. This arrangement 
is provided for the case when hot feedwater is already avail- 
able. On the Hanover mine the boiler is heated by coke- 
oven gas having a heating value of about 4000 WE (7600 
B.t.u.), previously passed through the benzol separating 
plant, but not freed from hydrogen sulphide nor eyanogen. 
After about three weeks of operation it was found that the 
fire clay filling in the front end pipes, on account of the 
high temperature prevailing, was partly melted and partly 
broken up. It was also found that the output of the boiler, 
which was initially about 60 kg./qm. of heating surtace, had 
decreased considerably because the porous mass in the fire 
tubes of the preheater became clogged up, partly through de- 
posits and partly owing to sulphurous formations, so that 
the exhaust notwithstanding a larger consumption of power 
could not supply a sufficient amount of gas and air mix- 
ture. This led to renewal of the porous mass both in the 
fire tubes of the boiler and those of the preheater after which 
the first real series of tests had been started. Several of 
these tests quoted in the article may be considered only as 
preliminary, since during the performance adjustments of 
the gas cocks and even alterations in the arrangements were 
made. The results of tests during some of the days were 
remarkable: The first day, during an 8-hour test, an out- 
put of 61.7 kg./qm. of the fire tube surface was obtained 
with considerable variation of the gas pressure at the begin- 
ning of the test. The next day when this inconvenience was 
eliminated, the output rose to 66 kg./qm. The efficiency of 
the boiler was 93.3 per cent and that of the preheater 3.9 
per cent. If one takes the steam consumption of the elec- 
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trieally driven exhaust fan, including all losses, as 10 kg. 
per h.p-hr., the total efficiency, including the preheater, 
would be about 89 per cent with a moisture in the steam 
of about 2.5 per cent average. These outputs would repre- 
sent an important advance if they could be maintained for 
regular operation, which, the article states, is not yet pos- 
sible. After 14 days’ run the residues in the fire tubes of the 
preheater, owing to the clogging of the porous mass, had 
already inereased to such an extent that the boiler had to 
be shut down in order to clean the fire tubes. It is now in- 
tended to take out the filling from the tubes of the pre- 
heater entirely and then establish the fall of efficiency. After 
several months of operation, the tests will be repeated in 
order to establish whether a further fall of efficiency occurs 
owing to the decomposition of the fire clay filling in the 
fire tubes of the boiler. After three months of operation 
the boiler and preheater have been opened in order to see 
if there was any seale formation and to take out the fire 
clay from the fire tubes. It was found that during this 
run of the boiler, estimated at about three months, in the 
front end of the fire tubes in the boiler a thin, hard layer 
of seale was formed, which in the rear ends of the pipes 
reached a thickness of 4 to 5 mm. The copper pipes of the 
preheater were strongly attacked so that they had to be re- 
placed by new pipes. The attacking of the pipes was due 
to the fact that when the gases of combustioh were cooled 
down in the preheater to about 90 to 110 deg. cent. (194 to 
230 deg. fahr.), the sulphurous acid had an opportunity to 
unite with water and thus form sulphurie acid, which 
naturally strongly attacked the copper of the pipes. The 
analysis has shown that in the mass taken out from the 
pipes there was 57 per cent copper sulphate and 10 per cent 
iron sulphate. Therefore the cooling down of the gases of 
combustion to the temperatures of 90 to 110 deg. cent. (194 
to 230 deg. fahr.) is to be rejected for operating consider- 
ations, especially as the gain in heat is only from 2 to 3 per 
cent, while the loss through the increased power combustion 
of the exhaust practically reduces to nothing whatever is 
gained by reduction of the temperature to so low a level. 
The copper pipes have been replaced by cast-iron pipes, 
which was done especially beeause the use of the more ex- 
pensive material did not appear to secure any correspond- 
ing advantage. The fire tubes of the boiler were filled with 
new fire clay mass and new tests made. It must be borne 
in mind, however, that the gas pressure could not be main- 
tained at the same level as in the second test, and as a re- 
sult both the gas combustion and boiler output were about 
5 per cent below that of the former test. With coke-oven 
gas firing in this type of boilers with numerous fire tubes 
in regular operation, one cannot hope to obtain more than 
60 kg. of steam per hour per 1 qm. of the heating surface, 
since the available gas pressure is not usually more than 
100 mm. (4 in.) of water. Whether special apparatus to in- 
crease the gas pressure would prove to be economical or ad- 
visable remains as yet to be seen. 

Here, as in all systems of gas firings, it is important to 
maintain as uniform a gas pressure as possible, since only 
in this ease the admission of air ean be maintained so as 
to have the combustion preceded by the slightest possible 
excess of air. In this connection the fireproof filling of the 
pipes may be improved, even supposing that as it stands 
ut could withstand operation for a length of time at the 
high temperature used. Owing to the irregular form of the 
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separate pieces it is extremely difficult to make the filling 
so that the resistance in all of the pipes shall be equal. 
The Berlin-Anhalt Machine Company is theretore working 
on the preparation of a special uniform filling made up ot 
pieces of refractory material of the same size. This will 
make it possible to place filling in such a manner as to 
maintain the resistance practically uniform in all the pipes, 
while the total resistance will be materially reduced, and this 
will lead to a reduction in the power consumption of the 
exhaustor and raise the efficiency of the plant. These tests 
have further shown that for ordinary metallurgical practice 
the construction of the boiler with numerous fire tubes is not 
suitable since they require quite a large amount of attend- 
ance. The above mentioned concern is therefore endeavor- 
ing to reduce the number of tubes in their new boilers, and 
it is considered possible that later on ordinary fire tube 
boilers can be converted into surface combustion boilers. 
This would materially increase their output, and further, 
the conversion of a fire tube boiler into a surface combus- 
tion boiler would eliminate the objection made to the Bone 
boiler in that its water space is too small and that it has too 
low a reserve of steam. 

The tests described also included tests on the application of 
tar oil in surface combustion boilers, for which purpose the 
experimental boiler shown in Figs. D and E has been used. It 
was designed to work at 12 atmospheres gage pressure and 
had a diameter of 1.3 m., and a length of 1.7 m., provided 
with 37 fire tubes of 76.5 mm. inside diameter, thus constitul- 
ing a total heating surface of 12 qm. Immediately connected 
with the boiler there is a preheater, c, also enclosing fire tubes 
and supplemented by a second preheater, d, of the same 
construction, the installation of which was required because 
a single preheater utilized the heat of the flue gas suffi- 
ciently; in front of the firebox and partly inside it has been 
placed a combustion chamber, a, lined with refractory ma- 
terial and connected with the firebox of the boiler by means 
of slots in its refractory jacket. Over the boiler is located 
a wooden shed, on the roof of which is placed the tar oil 
supply tank from which the oil flows automatically into the 
boiler after being preheated by exhaust steam to about 90 
deg. cent. (194 deg. fahr.), to distribute itself into three 
nozzles, b, set in the front wall of the combustion chamber. 
The electrically driven fan provides the air of combustion, 
the pressure of which is sufficient to atomize the tar oil and 
to overcome the resistance of the fire tubes. 

Previous to each test the boiler was maintained in oper- 
ation for about 2 hours, this time being sufficient, on ac- 
count of the small content and consequent rapid heating, to 
bring the boiler into its normal state of operation. The tar 
oil and feedwater were weighed, the feedwater being also 
checked by means of a Siemens water meter; the readings of 
pressure, temperature and power consumption at the fan 
were taken at regular intervals of 15 minutes, the gas an- 
alysis being as far as possible taken also at the same inter- 
vals. On the whole the tests have shown that on foreed 
runs with surface combustion boilers and tar oil as fuel, 
outputs up to 120 kg. per hour can be obtained. It is doubt- 
ful, howéver, that the boiler can be relied on to run regularly 
at such a rate of output, since both after the first and after 
the third tests it was found that the front tube wall leaked, 
even though it appeared that the fire clay wall built in front 
of it would protect it from the immediate action of the fire. 
On the other hand, it must be remembered that the cooling of 
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the boiler was very rapid because after the end of the test 
the oil firing was cut off immediately. It appears therefore 
that this type of boiler is not suitable for continuous opera- 
tion when there are many rolled-in connections in the zone 
of the highest temperatures. The Berlin-Anhalt Machine 
Company has therefore designed a different type of boiler 
in which the tar oil comes in through a single nozzle together 
with the air of combustion supplied by a special fan. The 
combustion chamber consists of a single cylinder of refrac- 
tory material, placed in the fire tube. The hot gases enter 
through the fire clay grating into the third part of the fire 
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reduce these losses as much as possible. He has further 
shown that this constant loss is inversely proportional to the 
amount of steam flowing through the pipe. It is therefore in 
the interest of a better utilization of fuel to use as high 
steam velocities in the pipes as possible, but the intermittent 
drawing off of steam in the case of reciprocating engines 
makes it impossible, on account of consideration of safety, 
to use steam velocities in excess of 25 to 30 m. (82 to 98 ft.). 
The practically uniform drawing off of steam in most of the 
turbine systems permits of leaving out of consideration the 
question of safety, but too high velocities cannot be used 
there either, owing to the fact that the loss of pressure in 
the pipes at high velocities may easily reach such values as 
to make the economy of the arrangement unsatisfactory. In 
order therefore to limit the fuel losses it is necessary to know 
the fall of pressure which would oceur in pipes at a given 
velocity of flow of steam. At the same time experience has 
shown that the formulae hitherto used for the determination 
of the fall of pressure in pipes are apt to give too small 
values which, especially in the case of high steam velocities, 
may lead to appreciable errors. 

In view of this fact, the Berlin Electricity Works Com- 
pany has carried out a series of experiments and finally suc- 
ceeded, by an elimination of several pipes (which in their 
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tube which is filled with large pieces of fire clay. It is ex- 
pected that this type will be more suitable for continuous 
operation than the one shown in Figs. D and E. 

The author concluded that neither the coke-oven gas fired 
boiler nor that using tar oil was suitable for continuous oper- 
ation, though it was possible that a different design would 
obviate the present difficulties. 


Saving THRouGH PROPER DIMENSIONING OF STEAM 
PipinG. INVESTIGATIONS ON PRESSURE FALL or FLOWING 
SteaM (Brennstoffersparnisse durch richtige Bemessung der 
Dampfleitungen. Untersuchungen iiber den Spannungsabfall 
des strémenden Dampfes, M. Guilleaume. 
vol. 11, no. 14 and following; article not finished. eA). 
Eberle in Forschungsarbeiten des Vereines deutscher Inge- 
nieure, vol. 78, has shown that when superheated steam of 
about 330 deg. cent. (626 deg. fahr.) is flowing heat losses 
in pipes protected by insulation amount to approximately 
1500 calories per qm. (252 B.t.u. per sq. ft.) of the external 
surface of the pipe. It is therefore of great importance to 


time have been put in for the very purpose of reducing the 
fall of pressure in the system) to obtain a saving in fuel of 
several thousand marks per year. This was done by taking 
out certain branches in the piping system which ofered an 
especially high resistance to the flow of steam, substituting 
for them other pipes of lower resistance. The steam velocity 
after these alterations could be increased to nearly double its 
former value and at the same time the fall of pressure was 
maintained within such limits as would not affect the full 
utilization of the machinery. 

The determination of the fall of pressure in pipes con- 
ducting saturated or superheated steam is usually done by 
means of the following formulae: For straight pipes with- 
out bends or valves or other area reducing elements, formula 
1 is used: 


where p, is the steam pressure at the entrance into the piping 
and p, at the exit from the piping, both in kg./qem., 1 is the 
length of the piping in meters, d inside diameter of the 
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piping in meters, y average specific weight of the steam, w 
average velocity of steam in meters per second and #, co- 
efficient of resistance or conductance for smooth pipes. 
While Guthermuth has determined the value of this coeffi- 
cient as 15 x 10°, Eberle has found that its value is 10.5 x 10°. 
A still different value is that given by Fritzsche, who found 
that 8, varies with the diameter of the pipe d and the product 
wy, as follows: 
94 

and the value obtained by Eberle, corresponds fairly well to 
that derived from this equation for a pipe with a diameter of 
70 mm. (2.8 in.) and wy = 50. An experiment of Eberle 
with the piping of 70 mm. (2.8 in.) in diameter has estab- 
lished the fact that in the case of poppet valves, slide valves, 
shut-off corks, the resistance of these elements is equal. 
under similar conditions, to that of a pipe of the same diam- 
eter and 16.4 m. (53.8 ft) long. 
pipes and compensation bends, data of tests of C. Bach and 
R. Stiickle’ with two pipes, 55 and 100 mm. (2.2 and 4 in.) 
inside diameter have been published, but whether the co 
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ity of 30 m. (98.4 ft.) per second, an average specific weight 
of steam of 4.8, a pressure fall of 0.168 kg./qem. (2.38 lb. 
per sq. in.), while direct measurement under the same con- 
ditions has given an actual fall of pressure of 0.59 kg./qem. 
(8.38 lb. per sq. in.). When the steam velocity was raised 
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TABLE 7 DETERMINATION OF PRESSURE FALL IN STEAM PIPING 


= 
s i+ NS e 
™ EA - CLAS = 
l 60 13.63 $52.0 0 212 4.72 SOSST 417.35 0.1784 54.25 223 .4 9.32x 107” 
2 60 2.42 353.0 0.233 4.29 52035 47.65 0.1587 54.25 204 6 9.02 x 10710 
3 60 11.35 345.5 0.253 3.96 45111 47.73 0.1461 54.25 189.0 8 05x 1071 
4 60 10.20 345.8 0.282 3.55 43055 47.69 0.1368 54.25 169.2 8.39 x 10710 
5 60 9.29 351.9 0.313 3.20 39200 48.13 0.1205 54.25 154.0 8.99 x 1071 
6 60 8.18 338.4 0.348 2.88 35028 47.84 0.1076 54.25 137.7 9.03 x 1071 
7 60 6.16 338.5 0 463 2.16 26571 48.33 0.0829 53.00 104.3 9.30 x 107% 
8 60 7.17 340.2 0.399 2.51 30938 48.45 0.0927 53.00 121.6 8 91x 10710 
9 60 8.17 346.0 0.352 2.85 34842 48.14 0.1054 53.00 137.0 9.05 x 1071 
10 60 8.18 348.0 0.353 2.83 34847 48 37 0.1066 53.00 126.9 0 15x 107% 
11 60 9.18 342 6 0.311 3.22 38850 47.47 0.1220 53.00 152.6 9.54x 10710 


efficient of resistance determined for this case would apply to 
bends of other diameters or radii of curvature remains to 
be proved. 

In how far all these formulae can be relied on for the de- 
termination of the pressure fall in the piping may be seen 
from the following example: A certain piping system con- 
sisted of two parts, namely, one piece 300 mm. (12 in.) 
inside diameter and 40 m. (131 ft.) long and a second piece 
joined to it 350 mm. (14 in.) inside diameter and 55 m. (180 
ft.) long. Into the first were built in a standard steam stop 
valve of 300 mm. (12 in.) diameter and a lyra equalization 
bend with a radius of curvature of 1.2 m. (3.93 ft.) two ares 
of 90 deg. and radius of curvature 0.9 m. (2.95 ft.). In 
the second piece were built in two standard steam stop valves 
of the same diameter as the pipe, two ares of 90 deg. and 
1 m. (3.28 ft.) radius of curvature. The caleulation made in 
accordance with the above formulae gave, for a steam veloc- 


'For an abstract of the article of C. Bach and R. Stiickle, see The 


Dp. 1444, and The Engineering Review (London) 


to 55 m. (180 ft.), the pressure fall observed was 2 kg./qem. 
(28.4 lb. per sq. in.), while that determined from the for- 
mulae 0.56 (7.96 Ib. per sq. in.), which shows plainly how 
little reliable the above formulae are. 

The article describes the experimental arrangement used 
in these tests. The measurement of fall of pressure was 
made in mm. of mercury by means of a special manometer, 
and, since the errors of observation are inversely propor- 
tional to the pressure differences measured, the experiments 
were carried out with as high steam velocities as possible. 
The temperature of water and of the mercury column was 
taken into consideration whenever the heat radiation might 
have affected the reading of the manometer. It was found, 
however, that the points <t which measurements were made 
had to be selected in straight sections of pipe, since when it 
was attempted to measure the pressure fall inside a valve, 
the eddies there led to the indicated pressure fall being about 
40 to 50 per cent lower. The points of measurement were 
therefore always selected at about 200 mm. (8 in.) from the 
flange joint. The velocity of steam was established by meas- 
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uring the water of condensation coming from a steam turbine 
which appeared to be a more exact method than determina- 
tion by measurement of boiler feedwater in which a source 
of error is constituted by the determination of the boiler 
water level. The tests extended to the determination of the 
fall of pressure in straight pipes, quarter bends and expan- 
sion pipes, poppet valves, slide valves and in T-pipes as 
well as in combinations frequently oceurring in actual prac- 
tice, such, for example, as the piping leading from the upper 
drum to the main steam piping or from the entrance into 
the water separator to the nozzles of a turbine. 

The piping of 300 mm. (12 in.) inside diameter was first 
investigated. The data of this test are given in Table 7. Fig. 
10 indicates schematically the construction of the piping, all 
quarter bends being transferred into the horizontal plane. 
The variation of the specific weight of the steam was ef- 
fected by means of the throttling valve I. In order to make 
sure that the throttling did not affect the pressure measure- 
ment at point I, a second point of measurement has been 
established 1450 mm. (57 in.) from the middle of the flange 
joint. Tests 7 to 11 refer to the stretch from measuring 
point II to measuring point III. Measuring point III is 
located 200 mm. (8 in.) in front of the flange joint, at the 
valve X. The length of the piping from measuring point I 
to measuring point III is 54.25 m. (178 ft.) and from meas- 
uring point II to measuring point III 53.0 m. (174 ft.). 
Into the stretch measured are built in seven flange joints 
(steel castings with the pipes rolled in), one T-piece VI, 
serving as a joint for another pipe and during these tests 
passed through by the steam without change of direction, 
and nine yuarter bends of different radii and length. The 
absolute pressure was determined by means of a check 
spring manometer at point III, the fall of pressure in the 
stretch measured by a mercury manometer described else- 
where. The average pressure in the piping was determined 
by these two observations. In column 12 of Table 7 the eco- 
efficient of conductance 8, was calculated from the formulae. 
[The article is not finished. ] 
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Sound Ingots, Sir Robert Hadfield 

Notes on the Plastic Deformation of Steel during Overstrain, 
Henry M. Howe and Arthur G. Levy 

Manganese Steel, with Especial Reference to the Relation of 
Physical Properties to Microstructure and Critical 
Ranges, W. S. Potter 


Notes on the Utilization of Coke-Oven and Blast-Furnace 
Gas for Power Purposes, Heinrich J. Freyn (ab- 
stracted ) 


Nores ON THE UTILIZATION OF COKE-OVEN AND BLast- 
FurRNACE Gas FoR Power Purposes, Heinrich J. Freyn (30 
pp., ed). The paper attempts to cover the whole field of util- 
ization of coke-oven gas for power purpose, as well as the 
surplus gases of a blast furnace. The author distinguishes 
for the coke-oven gas between the “ cost of production ” and 
“value of consumption” of the gas and finds that the in- 
trinsic value of both blast-furnace and coke-oven gas de- 
pends greatly on the use factor of the power plant, and at 
a price of say 12 cents per 1000 eu. ft. for domestic use coke- 
oven gas would be more valuable as a gas engine fuel if the 
power plant operates at 80 per cent load factor throughout 


the year. When there is an unlimited market for electrie 
power and nearly full output of the gas engine station, it 
would be more profitable to operate gas engines on coke-oven 
gas than to sell the latter for domestic purposes, provided 
coke-oven gas could be used in very large gas engine units 
as satisfactorily as blast-furnace gas, which is as yet not 
quite the case. Coke-oven gas varies greatly in composition 
according to the kind of coal carbonized and the time of gen- 
eration during the process of carbonization, and contains 
from 50 to 60 per cent hydrogen. Blast-furnace gas requires 
approximately its own volume of air, while coke-oven gas 
must be mixed with from 8 to 15 volumes of air for complete 
combustion. The large percentage of hydrogen causes an 
extremely rapid flame propagation, making a combustion of 
a more explosive character than is the case with blast-fur- 
nace gas. The compression in coke-oven gas engines must, 
theretore, be kept lower than is customary for blast-furnace 
gas engines. But according to thermodynamic law, a lower 
compression is necessarily followed by a lower thermal etli- 
ciency. But it has been found in practice in Germany that 
the actual heat consumption per b.h.p-hr. of coke-oven gas 
engines at full load is practically the same as that of blast- 
furnace gas engines for the same load conditions, which is 
due mainly to the fact that, for practical considerations, 
coke-oven gas engines must be operated on very lean gas mix- 
tures. Owing to the snappy action of the gas, coke-oven gas 
engines are at times quite susceptible to back-firing and pre- 
mature explosions, and effective cooling of gas cylinders, 
pistons; piston roads, ete., becomes therefore a very important 
matter. This, as will be stated later, is apt to lead to trou- 
bles of its own. The latest coke-oven gas engines built by 
Thyssen & Company were installed in Westphalia. Each en- 
gine is of the twin-tandem, double-acting four-cycle type, 
having four gas eylinders 474% in. in diameter, 51 in. stroke, 
and develops at 94 r.p.m. about 5000 b.h.p. It is used to 
drive alternators operated in parallel with a central station 
in Essen, the parallel operations being beyond criticism. The 
compression pressure is only 85 lb. and the maximum explo- 
sion pressure does not exceed 250 Ib. per sq. in. The M. A. 
N. Company of Nuremberg, Germany, say that they are 
building units of 6000 b.h.p. eapacity in four cylinders. Gen- 
erally, however, it seems that in Europe about 1100 to 1200 
b.h.p. per double-acting gas cylinder is at present the upper 
limit while in this country the majority of gas engine man- 
ufaecturers restrict the capacity of coke-oven gas engines to 
about 700 to 850 b.h.p. per double-acting cylinder. 

As regards the fuel it is the presence of sulphur in coke- 
oven gas in the form of sulphuretted hydrogen and carbon 
bisulphide which causes all serious trouble. The slightest 
water leak into the gas cylinder from defective pistons or 
water-cooled exhaust valves results in serious corrosion of all 
finished parts, particularly of piston rings, piston roads and 
metallie packing. This corrosion is caused by sulphuric acid 
formed by the combination of oxygen and water with sulphur 
dioxide resulting from the combustion of sulphur in the 
gas. Several gas engine builders in Germany abandoned on 
this account the use of water-cooled exhaust valves and sub- 
stituted solid non-cooled valves. But many prominent man- 
ufacturers prefer to use water-cooled Durana metal exhaust 
valves on account of the high temperature of the exhaust 
gases. In recent years considerable progress has been made 
in designing sulphur cleaning plants which eliminate nearly 
all of the sulphuretted hydrogen but no practicable means 
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have so far been discovered to separate carbon bisulphide 
trom the gas. Nitrie acid formed in the gas cylinders during 
combustion of the charge has also a corroding effect upon 
the finished engine parts. This source of danger is, however, 
minimized if the direct ammonia process is used so that the 
ammonia is practically eliminated from the gas. At times 
there is trouble when naphthalene is present; it is depos- 
ited by the gas, particularly in cold weather, and easily ob- 
structs the pipe-lines and valves. If benzol is recovered from 
the gas, no trouble from naphthalene can occur since it is 
absolutely necessary for an efficient benzol recovery to ex- 
tract the naphthalene from the gas. Where this is not done, 
the gas pipes have not infrequently to be steamed out, in 
order to dissolve the naphthalene. 

It has been suggested several times that a mixture of blast- 
turnace and eoke-oven gas be used which might combine the 
good points of both and at the same time eliminate nearly 
all objectionable features. With a considerable compression 
pressure perfectly satisfactory results from the use of such 
mixtures in gas engines are assured and the heating value of 
such a mixture would be maintained uniform, if one could 
commit this task to the action of some automatic device. 
Where such a mixture is used now, its heating value is con- 
trolled by hand, and its composition appears to correspond 
very nearly to that of producer gas made from coke or anth- 
racite coal. 

The author gives a complete detailed calculation showing 
the final advantage of using a mixture of blast-furnace and 
coke-oven gas instead of straight blast-furnace gas for power 
generation in a gas engine plant as well as a calculation 
showing the comparative advantages of installing a 450-tons 
or a 350-tons capacity blast furnace, and on the whole comes 
to the conclusion that the unit cost of making coke-oven gas 
in a larger coking plant is a good deal less and the total rev- 
enues trom the utilization of blast-furnace and coke-oven 
gases are considerably greater with larger than with smaller 
blast furnaces. 


AMERICAN SOCIETY OF CIVIL ENGINEERS 
Proceedings, vol. 40, no. 4, April 1914, New York. 
The Determination of Safe Yields of Underground Reser- 
voirs of the Closed-Basin Type, Charles H. Lee 

Cinder Concrete Floors, Guy B. Waite (abstracted) 
Huaeal Dam, Sonora, Mexico, H. Hawgood 
Reinforced Conerete Docks, Harrison S. Taft (abstracted). 

REINFORCED CONCRETE Docks: FOREIGN AND AMERICAN 
STRUCTURES, Failures, Costs, AND GENERAL CONSIDERA- 
TIONS, Harrison 8S. Taft (52 pp., cdg). While in the United 
States the construction of reinforced concrete docks is still 
in a very embryonic state and concrete structures in sea 
water have not always been successful, it has been used with 
complete success for more than 50 years in Europe for strue- 
ture exposed to the action of salt water, and English engi- 
neers have been building reinforeed concrete docks for about 
2) years. The present paper contains a brief outline of the 
reinforeed conerete dock problem as developed in Europe 
and Asia as well as a review of the art as carried on in this 
country both in sea water and fresh water. It takes up the 
Subject of failures in past uses of cement in sea water in 
America and brings out the fundamental principles covering 
the successful use of concrete in structures exposed to salt 
water and frost action. It diseusses also the question of the 
first cost of reinforeed concrete docks as well as the cost of 
annual repairs. The first cost of the various reinforced eon- 
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crete dock structures at Port Talbot is stated to have been 
“no more than if they had been built of wood,” but such a 
statement would not perhaps be true in the United States on 
account of the large forests in this country. As regards the 
maintenance costs it is stated that the cold storage wharf at 
Southampton, England, has cost nothing for maintenance to 
date, while the widened dock and coal jetties are said to have 
shown considerable deterioration, due to rust of the steel 
which was improperly laid in the structure. The only repair 
charges on the Purtleet coaling jetty, exclusive of the damage 
done at the time of the collision, are stated to have been but 
$50 per year, which, based on its cost of $60,000, is less than 
one-tenth of 1 per cent. 

The author then proceeds to review the opinions of for- 
eign dock engineers on the use of conerete in sea water and 
on the practicability of reinforced conerete docks. Henry 
Hunter, chief engineer of the Manchester Canal, England, 
states that “the concrete in the concrete lock building in 
Eastham is in better condition at the present time than the 
William Cleaver has stated that 
“while the reinforced concrete requires extreme care both in 


day it was deposited,” 


the choice of material and in the supervision of the work- 
manship, the results justify the extensive adoption of the 
material for dock work.” Francis E. Wentworth-Shields, 
dock engineer of wide experience with the London & South- 
western Railroad Company, has stated that “if great care is 
exercised in making and placing concrete, an impermeable 
material will be obtained, which can withstand the action of 
salt water.” He stated also that under certain circumstances 
reinforced concrete, when used in marine work, was likely 
to deteriorate, but did not think it would do so simply from 
standing in sea water, though in some cases deterioration had 
taken place at Southampton above low water, it had not 
done so below low water and during that whole experience 
at Southampton, sea water did not seem to have produced 
any chemical or deleterious action on the concrete. It would 
stand a wonderful amount of shock and bending due to 
shocks, if a wooden fender were interposed; on the other 
hand, reinforced conerete would not bear being knocked about 
by heavy ships and where structure was subjected to severe 
blows of that sort, it was not easy to find anything better 
than timber. 

The author concludes that while it is true that all Ameri- 
can cements are not yet wholly suitable for sea water pur- 
poses, successful marine reinforced work can be done here. 
But in spite of its apparent simplicity on dry land, the use 
of reinforced concrete in dock work calls for more than mere 
brawn and muscle. It is a class of construction work espe- 
cially adapted to the broad knowledge, experience and deep 
study of the trained engineer in association with an organi- 
zation well skilled in the handling of concrete in sea water 
structures, 

CINDER CONCRETE FLOoRs, Guy B. Waite (18 pp., 15 figs, 
13 tables). In this paper the manner of using reinforced 
cinder concrete floor slabs by various cities in the eastern 
part of the United States is described. Especial attention is 
ealled to the arbitrary manner of using this material, and 
the insistence of continuing this arbitrary use, by New York 
City, as indicated by the latest building codes. Attention is 
called to the unit stresses adopted by various cities and to 
recent data tending to establish unit working stresses from 
actual tests. The qualifications of this material for the pur- 
poses described are discussed, and a comparison with stone 
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conerete is made. The manner of arbitrary testing is de- 
seribed, and the difference between the conditions of such 
tests and the actual loadings found in buildings is pointed 
out. Analysis is made of the arbitrarily approved reinforced 
cinder concrete floor slabs, showing the stresses which would 
be imposed on the materials by the maximum approved loads. 
Cinder conerete is described and tabulations are made for the 
location of the neutral axis and for the carrying capacities, 
assuming various unit stresses. The influence of the stresses 
due to an excess of steel or to an excess of concrete is dis- 
cussed, Analyses of stresses allowed by such tests indicate 
that in some cases approvals have been given for dangerous 
construction; it is pointed out that arbitrary tests can be 
made which indicate carrying capacities not possible under 
the conditions actually found in buildings; and it is shown 
by formulations and tabulations that reinforced cinder con- 
erete may be easily and uniformly designed by adopting 
working unit stresses, and that several cities have adopted 
such stresses for this material. 

The author believes that in this paper he has amply demon- 
strated that the only manner in which this material can ever 
be uniformly used under various conditions is for each local- 
ity to adopt unit stresses suited to its own conditions. 


ASSOCIATION OF ENGINEERING SOCIETIES 

Journal, vol. 52, no. 4, April 1914, St. Louis 

Tue Errect OF SATURATION ON THE STRENGTH OF CON- 
CRETE, J. L. Van Ornum (12 pp., 1 fig.). 
to be little recorded information concerning the treatment 
of conerete specimens with regard to moisture conditions 
during their storage while awaiting the test for strength. 
It is, however, of great importance to specify and standard- 
ize the moisture treatment of specimens intended for test- 
ing. Since similar conditions act on the specimens as they 
act on the finished structures, it will affect their strength cou- 
siderably, and therefore should be considered in specifying 
the proper unit stresses. This factor is of particular im- 
portance, as variations in strength, amounting perhaps to 
as high as 50 per cent above or below a mean value, result 
from differences in moisture conditions. 
the effect of saturation on the strength of concrete has been 
investigated in the Washington University Testing Labora- 
tory, especially with respect to the effect on the compressive 
strength of concrete produced by varying systematically the 
relative length of time of exposure in air and in water. 
The test specimens were cylindrical, 8 in. in diameter and 
16 in. high. The materials were: a standard brand of Port- 
land cement which fulfilled thoroughly all the requirements 
of the standard specifications; a clean sand of good quality, 
weighing about 110 lb. per cu. ft. when dry, and having 36 
per cent voids; and a washed river gravel of the same weiglit, 
varying in diameter from quite small up to 11% in., and 
having 33 per cent voids. The proportions were the usual 
1:2:4, by volume; the mixing was done throughly by hand; 
and the quantity of water used was such as to give a mod- 
erately wet consistency, which allowed a thorough compact- 
ing by stirring with an iron rod and a slight tamping. All 
details of fabrication, curing, and testing were planned so 
as to secure such complete uniformity as is practicable to 
obtain in all regards except the one for which the controlled 
variation formed the particular purpose of the experimental 
study. 

The cylinders were removed from the molds when two 
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days old, and were tested at an age of six weeks. The in- 
tervening 40 days constituted the period in which the dura- 
tion of their immersion in water was varied systematically 
from nothing to the full time. The average results of the 
240 tests thus made are plotted in the diagram, Fig. 11, in 
which the abscissae represent that number of days (after 
the two days in the molds and the time of exposure to air) 
during which each set of specimens was placed in water 
before crushing them; and the ordinates give the percentage 
of strength which each set of immersed cylinders (standing 
in water for the indicated number of days) was found to 
have, taking the compressive strength of the dry specimens 
from the same mix as 100 per cent. Thus, at the extreme 
left is represented the basis of comparison, or those which 
were not immersed at all; those specimens which were cured 
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Fic. 11 RELATION BETWEEN SATURATION AND STRENGTH OF CONCRETE 
in air of ordinary humidity for 32 days and then immersed 
for eight days are shown by the black circle to be 86 per 
cent as strong as the air-cured concrete; those in air for 12 
days, and therefore finally cured in water for 28 days, have 
gained 9 per cent in strength; and those submerged for the 
entire 40 days exhibited an average compressive strength 
fully 50 per cent greater than that of the air-cured speci- 
mens. 

An average curve for the plotted points has been drawn 
as a full line, showing the systematic increase in strength as 
the time of submergence is lengthened beyond two days; 
but there exists the significant fact that specimens, of the 
dimensions used, decrease rapidly in strength wien stored 
in air for 38 days (or more) and then placed in water for 
the remaining two days (or less). This particular feature 
of the rapid loss of strength on first exposure to water, and 
the active but slower recovery of strength as soeking con- 
tinued, required a multiplication of tests to determine satis- 
factorily the locus of the curve in this region; and conse- 
quently more than half of the experiments were concen- 
trated in this descending and the adjacent rising portion 
of the plot. 


CANADIAN RAILWAY CLUB 

Vol. 13, no. 1, January 1914, Montreal 
Cast-Iron Wheel Records, H. H. Vaughan (abstracted) 
Cleavage and Crystallization, Griffin (abstracted ) 

Cast-IRON WHEEL Recorps, H. H. Vaughan. 27 pp., 14 
figs. ds). The problem of devising a correct method of keep- 
ing records of cast wheels used on a railroad is by no means 


i 
| 
| 

ay 
7 
| 
/ 
| 
| 
| 
| 


ENGINEERING 


simple. Practically all railroads have abandoned any torm 
of record which follows the history of each individual wheel. 
On some railroads a figure tor the average lite of wheels 
is obtaied by dividing the number in service by the number 
removed per year, but this figure is net of much value, as 
it depends more on the rate at which the number of wheels 
in service increase than on the actual lite of the wheels re- 
moved. At the same time the figure showing the lite of the 


actual wheels removed can be obtained with considerable 


accuracy and with simple reports and records. But while 
the average life of wheels removed affords valuable intorma 
tion over a period of years, it does not enable the result o! 
any Variation in the quality or service of the wheel to be 
detected until considerable time has elapsed, and then only 
in a general manner. When the wheel foundry methods ot 
the Canadian Pacitie Railway were revised in 1908, it  be- 
came desirable to introduce some system by which it could 
better 
being obtained without complications of the old individual 


be determined whether or not service results were 


records. This was accomplished in a satisfactory and simple 
manner by comparing each vear’s make of wheels, of the 
removed 
The 


make of wheel, weiglit. 


same weight and manutacture, with the number 
for various classes of defeet in each year of their lite. 
information needed to do this was: 
date cast, maker and cause of removal, items that were likely 
to be reported accurately, and those required tor a record 


kind. 


in each year was known, the number removed in each year's 


ot any As the number of wheels of any group cast 
lite for each cause might be expressed as a percentage o! 
the number made, and this pereentage might be compared 
year by year to determine the comparative service obtained 
from the different wheels. 

The author analyzed in considerable detail the records 
obtained in this way on the Canadian Pacitie Railway, and 
then proceeded to describe the revision of the Canadian 
Pacitic foundry methods in 1908, and results obtained since 
that date. 


inspection which would detect those wheels, which for some 


In order to secure good wheels he considered the 
reason departed from the accepted quality as one of the 
most important factors. It should be remembered that out 
of the ordinary lot of wheels 60 per cent will run through 
their lite and be removed without any defect that reduces 
the life of the wheel, and better practice or improved in- 
spection are really for the purpose of getting the other 
40) per cent out of the way. As regards mixtures, the author 
states that it is a question to what extent charcoal iron is 
better than coke iron after being melted in a cupola heated 
by coke. A chilled wheel has only one serious point of 
weakness, the danger of broken flanges, and even that ap- 
pears to have been greatly reduced since 1908 by the use 
of reinforced flanges, careful manufacture, good inspection 
and a rather hard wheel. 


CLEAVAGE AND CrystatLization, P. H. Griffin (24% pp. p). 
Cleavage and erystallization are two of the fundamental 
factors in the manufacture and use of all articles of steel 
and iron, and are of great importance for a better under- 
standing of all facts connected with the use of chilled wheels. 
A rapid and excessive heating of tread and flange by fric- 
tion of brake shoes and their sudden cooling in wet and 
wintry weather readily accounts for what is known in rail- 
road parlance as cleavages or cracks. Cleavage is the part- 
ing of a erystalline structure in certain lines, notably along 
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the imtererystalline junctions. There are also cleavage lines 
which form without much regard for the intererystalline 
Junction lines; and it is to them, in the chilled surtace of 
car Wheels, that cracks are due. When the metal is of poor 
quality and high in impurities, the latter are thrown out as 
hot metal that 
chilled part of the tread and tlange they lodge in the inter- 
that metal is 
heated and at the same time subjected to severe shocks and 


“ freezes,” so finally, in the case of the 


crystalline spaces, with a result when the 
Vibrations, the separation to the erystals of chilled iron be- 
comes inevitable. To remedy this condition, the metal used 
should not contain excessive proportions of impurities, and 
not only sulphur, phosphorus, manganese, and the like, 


When 


or pure it should be also ot a 


should be kept within proper limits, but oxides also. 
the metal is fairly “ clean” 
quality that will form a crystalline structure without having 


excessive “ smoothness” of the erystalline face. 


INSTITUTION OF MECHANICAL ENGINEERS 

ApPLicaTION OF ELECTRICAL DRIVING TO EXxisTING ROLL- 
ING Mitis, L. Rothera (paper read on April 24, 1914, ad- 
vance copy C. dp). The author discusses the important 
question of installing electrical drive in existing rolling mills, 
the best methods of doing it and where the system will pay. 
He takes up the subject from the point of view of economy 
of running, improved drive, considerations of space, and 
greater use of existing plant. As regards the economy of 
running, apart trom the question of the cost of power, he 
discusses the influence of the layout of the works with par- 
ticular regard to a plant which grew up gradually, and in 
which the boiler plant has remained centralized. As a re- 
sult there would be a large number of long steam pipe lines, 
all acting the part of condensers and probably a number of 
them leaking considerably. These conditions will to a large 
extent hold even in the case of a works where there are sev- 
eral boiler stations, and the quantity of coal used per year 
in making over pipe-line losses and wastage is a very heavy 
factor in the year’s coal bill. In addition to that in an old 
works there will be a large number of auxiliary machines 
driving shears, saws, punching machines, ete., which are 
working under most uneconomical conditions, being in near- 
ly every case noncondensing and often almost undistinguish- 
able when working, due to the steam leakage taking place 
around them. With electrical drive, the transmission cables 
can be put up anywhere out of the way and hardly any losses 
take place. 

The next factor is the class of work done. The steam en- 
gine while efficient on steady continuous load, becomes very 
ineflicient on a widely fluctuating load. An electrical drive 
varies only to the extent of 2 or 3 per cent over a very wide 
range, say from half-load up to 100 per cent overload. It 
may, therefore, be generally stated that the greater the flue- 
tuations in the load, the more advantageous the electrical 
drive appears. As regards the question of improved drive 
the steady uniform turning moment produces a better class 
of rolled material than a pulsating drive. Another feature 
very noticeable with the motor drive is the faster working 
consequent from the fact that with the even turning mo- 
ment there is not the same tendency for the rolls to fail to 
grip the metal. Also, due to the overload capacity of the 
motor being in excess of that of an engine, the drop in speed 
whilst the metal is passing through the rolls is much less with 


the electric drive than with the steam drive which results in 
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a ligher average speed of rolling and increased output from 
the mill. Among other features whieh are also in favor of 
the electrical drive, the author mentions one, the importance 
of which is perhaps only appreciated by those who are aec- 
quainted with the electrical drive, which is the ease of deter- 
mining for every pass the power demanded for rolling. Elee- 
trical instruments will show with great exactitude the de- 
mand for power at any moment, and it is possible perhaps 
by varying somewhat the drafting of the rolls in accordance 
with these readings materially to reduce the energy consump- 
tion per ton rolled. 

The author diseusses also to some extent how the electrical 
drive may permit the utilization of the space available, and 
easy installation of increased power where such a_ thing 
would have been possible only at very considerable cost in 
the case of a steam engine. 

With regard to the method of application of the drive 
there are four alternatives which he considers, namely, di- 
rect-coupled motor, a motor driving through gearing. 
through a belt and through ropes. Direct-coupled drive may 
now be had (as is done, for example, for heavy sheet mills) 
down to very low speeds, such as 32 r.p.m. and in a great 
many eases the extra additional cost of the slow-speed drive 
is more than counterbalanced by the gain in efficiency due 
to the absence of any form of transmission losses between the 
motor and the mill. The latter may become a heavy item in 
the yearly expenditure. In the case of gearing for varied 
conditions of working and when the gears have become some- 
what worn, the losses taking place in a single reduction, 
represent hardly less than 5 per cent of the power being 
transmitted. With the rope drive, while the percentage loss is 
still a somewhat mooted point, it is probably safe to assume 
it also at 5 per cent and it must be specially borne in mind 
that the loss appearing in the ropes remains practically con- 
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stant whether the ropes are running light or transmitting 
power, and the loss can be taken on the normal power which 
the ropes are designed to transmit. Belt drive is little used 
in England for this class of work. 

In order to show in a simple form the losses which may 
oeeur in one year due to transmission, the author considers 
a ease of sheet mill with a normal power of 600 h.p. on the 
motor and an average power of 200 h.p. taken by the mill, 
assuming that the mill is working for 110 hours per week 
and 50 weeks to the year. The losses in the ease of gear 
drive would be 5 per cent of 200 h.p. or 10 h.p. for 5500 
hours, and in the ease of rope drive, the losses would be 5 
per cent of 600 h.p. or 30 h.p. for the same number of 
hours, three times as much as in the previous case. Where, 


SOCIETIES 


however, the question of converting an existing mill has to 
be considered, the method of drive adopted must be depen- 
dent to a very large extent on the layout of the works, as 
there may be other mills, roof columns or other reasons which 
may render anyone of the drives, otherwise advisable, im- 
practicable. Then in the conversion of an existing mill must 
also be considered the question of the length of time for 
which the mill will have to be shut down in order to make 
the change. For this reason rope drive is very often adopted 
since the foundations of the motor and the motor itself can 
be put down without interfering with the working of the 
mill, and the mounting of the rope pulley is a matter of quite 
a short time, perhaps a couple of days. In the ease of the 
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direct-coupled drive, the method of avoiding stoppage is 
shown in Fig. 12, where a long intermediate spindle is in- 
troduced between the pinions and the motor, the spindle 
spanning the space taken up by the existing engine. The 
change from steam to electrie drive in this ease does not in- 
volve any stoppage of the mill. Sometimes it is possible to 
put the motor on the side remote from the steam engine and 
this was done on an electrically-driven reversing mill which 
has been working now for 5!5 years and no trouble what- 
ever has been experienced through its having been found 
necessary to transmit the drive through the bottom spindle 
to the pinions. Another advantage of such an arrangement 
is that the steam engine may be retained for use if necessary. 

The weight of the flywheel when the motor drive is ap- 
plied to a mill is a matter which has to be given serious con- 
sideration. It is not a safe method to assume that the exist- 
ing engine flywheel will be satisfactory for the motor drive. 
In the case of an engine, the whole of the stored energy in 
the flywheel is available to pull the metal through the rolls 
in conjunction with the engine, while the motor has a pre- 
determined drop in speed from no load up to a maximum 
load which it ean safely stand. Assuming, in the latter case, 
that there is a 20 per cent fall in speed between no load and 
100 per cent overload, only 36 per cent of the stored energy 
is available, after which the motor ceases to drive, leaving 
only the flywheel stored energy. To some extent this is eoun- 
teracted by the fact that the permissible overload on the 
motor will be 100 per cent in excess of the normal power, 
while in the case of the engine, the overload will not be mueh 
more than 25 per cent, but as a rule the motor drive will re- 
quire a heavier wheel than the engine drive. Providing, how- 
ever, the maximum peaks are not excessive, a fluctuating load 
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will not prove harmful to a motor and the weight of the tly- 
wheel may be mainly decided trom the point of view of cost. 
Whether to have a large slow-speed, or a smaller, high-speed 
flywheel is mainly a matter of cost, but the difference is not 
in many cases very great on account of the fact that the full 
peak loads of the mill in the latter case have to be trans- 
mitted from the motor and flywheel through gearing or ropes, 
as the case may be, and the size of the gearing and number 
of ropes will have to be materially increased to withstand this 
extra strain. In one or two cases the flywheel has been 
mounted on the motor shaft and the drive through a worm 
reduction gear on to the mill used. This is an interesting 
new departure and would appear to be a very satisfactory 
method if a steady power is demanded, such as for instance 
in a wire mill or cold roll drive in a tin plate mill where there 
are no heavy peak loads to be taken by the tlywheel, but it 
is yet to be seen whether it can be made sufficiently strong 
to last where the full power of the motor and flywheel has to 


be transmitted through sueh a gear. 


IRON AND STEEL INSTITUTE 

OF Heavy Pilates. (Presented 
at the May meeting, reported from an advance paper, 29 
pp., 3 figs. in the text and 9 plates. e). The author de- 
scribes a number of cases of failures of heavy boiler shell 
plates with an indication of the facts revealed by the sub- 
sequent investigation of the causes, and concludes that the 
longitudinal tensile tests, even when taken near the fracture, 
seldom reveal any abnormal features and transverse tests 
are more successful; in nearly all the cases dealt with the 
bend tests were satisfactory, although at first sight it seems 
somewhat of an anomaly that a piece of plate can be bent 
through 180 deg. while the whole plate fractures at a very 
slight angle. The conditions are, however, wholly different: 
in a bend test, the metal can flow with very little restriction, 
while in the plate very little lateral flow is possible, so that 
in a plate the metal is subjected to pure stretch and com- 
pression. This faet is of special importance in considering 
the effect of hammer dressing, as though it is frequently pos- 
sible to bend a strip of steel after being hammered on the 
outer surface, it does not therefore follow that hammering a 
wide plate would be equally innocuous. In general, how- 
ever, the breakdown is the result of a simultaneous oceur- 
rence of several defects, and, for instance, it is not sufficient 
to say that the plate failed because it was segregated. There 
is little doubt that there are many more or less segregated 
plates in boilers, but they have not failed as no adverse con- 
ditions were present. A good plan in dealing with a fail- 
ure is to estimate the percentage value of the different causes 
producing the fracture with a clear understanding, of course, 
that such values are only approximate estimates. Hammer 
dressing may be one of the causes of failure and it is used 
only beeause a little hammering frequently saves a good deal 
of chipping and buffing. It has been pointed out before that 
severe internal stresses may exist in heavy plates, as their 
stiffness prevents them from buckling in the manner that 
thin plates do when the rolls are not true, and this cause 
may be a factor, perhaps the principal one, in producing 
failures. In addition to the rolls being actually untrue or 
having become so when hot, there is also the risk of internal 
Stresses being set up through the plate being subjected to 
rain from a leaky roof, or from having other plates piled on 
it when hot. The latter must be considered a bad practice 
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in every Way as very serious stresses may be caused through 
plates only partially covering each other, so that one part 
of the plate is almost cold while the other is still at a red 
heat, and it is quite conceivable that this might be sufficient 
to produce failure. Even if the plate is wholly covered by 
another, it is possible that it may be maintained at a dan- 
gerous temperature of 700 deg. cent. (1292 deg. fahr.), 
thereby producing brittleness by partially converting pearl- 
ite into cementite. The only satisfactory way to insure that 
heavy plates are as free as possible from internal stresses is 
to anneal them, and even in this there are several pitfalls 
to be avoided. For example, mild steels containing a fairly 
high percentage of phosphorus require very much more dras- 
tic annealing than those with a small percentage. It is also 
of great importance that the whole plate should be raised 
to the same temperature when being annealed and it is not 
an easy matter to effect with large plates. In most of the 
plate investigated after failure the chemical composition is 
not abnormal, sulphur and phosphorus being not in excess 
0.06 per cent, but in large plates, where the work done on 
them is comparatively small, it is necessary for the metal to 
be exceptionally pure. Phosphorus and sulphur segregate 
so much that although a certain percentage would be harm- 


less enough if distributed evenly, it may produce failure 


owing to these segregations. For this reason it is suggested 
that 0.05 per cent should be the phosphorus limit, especially 
if there is an appreciable quantity of arsenic present. Phos- 
phorus has also a strong tendency towards turning pearlite 
into cementite, which oceurs also if the plate is heated for 
some time at the temperature below 700 deg. cent. or 1292 
deg. fahr. 

The author discusses at length the question of manholes 
and finally recommends, in order to eliminate the risk of 
failures, the use, first, of large ingots; second, effective han- 
dling (the pyrometer always being used and a record kept of 
the temperature to which each plate was subjected, as well 
as the length of time it was in the annealing furnace); 
third, low phosphorus not to exceed 0.05 per cent or with 
arsenic 0.06 per cent; tourth, inspection of all parts which 
require dressing by an independent inspector, and, fifth, 
occasional transverse tests to be taken from the centers of 
the ends or sides of the plates corresponding with the longi- 
tudinal axis of the ingot. 


Some Recent IMPROVEMENTS IN Case-HarRDENING Prac- 
Tick, Henry L. Heathcote. (33 pp., 4 plates. de). The 
author presents his paper in the form of an account of what 
has been done on improving case-hardening practice at the 
Rudge-Whitworth Works. The first problem was to find 
an improved pyrometer which could be used in a plant hav- 
ing a battery of 13 mufiles (the Féry instruments were then 
unknown). This problem was solved by evolving a color 
pyrometer based, first, on the fact that the spectrum of a 
red-hot piece of steel is found to elongate at both the red 
and violet ends and to inerease in intensity all along as the 
temperature rises, and, second, in finding solutions capable 
of absorbing the rays emitted by red-hot steel and at various 
temperatures. The solutions chosen were then properly cali- 
brated and this gave finally a convenient pyrometer. The 
author’s opinion is that a pyrometer which indicates its own 
temperature may convey some idea of the temperature of 
the work, but will never be the hardener’s friend to the same 
extent as one of the forms of optical pyrometer, which can 
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be focused on the article itself, such as the one used at the 
Rudge-Whitworth works. 

Next came the question of investigating case-hardening 
compositions, their mode of action and effect. Experiments 
extending over a considerable range of compositions have 
confirmed the following suppositions: (a) the depth of 
case depends chiefly on the temperature the steel attains and 
the duration of the hot condition; (b) the concentration of 
the carbon in the case depends chiefly on the rate at which 
the mixture or its products give up carbon to the steel. 

The author also noticed considerable influence of gases, 
possibly nitrogenous, evolving trom the mixture on the et- 
ficiency of carbonization. He made a number of “ exhaus- 
tion ” tests, that is, tests to determine after how many heats 
the mixture is exhausted, this being attained when ferrite 
bands can be seen between the pearlite grains at the peripi- 
ery. He found that the best mixture on the score of per- 
manence is wood charcoal, impregnated with soda ash. It 
can be used practically over and over again indefinitely. 
It is unlikely, however, that the carbonizing power of mix- 
tures is due to nitrogenous compounds or eyanides, since 
charcoal soaked in a 5 per cent aqueous solution of sodium 
carbonate and dried, after three heatings contained 0.12 per 
cent of nitrogen and no cyanide, and still gave a saturated 
case even after the tenth, eleventh and twelfth heatings. As 
regards the permeability to heat, he investigated the influ- 
ence of the size of particles on the rise of temperature (Fig. 
14) and found that the effect of size of grain and particeu- 
larly of dust is quite material, especially upon the duration 
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of the arrest, and that there is an arrest of temperature at 
the center at about 100 deg. cent. (212 deg. fahr.) while 
moisture is being driven off. When the same samples were 
again heated the temperature rose more quickly, with no 
arrest, the latter fact being due of course to the moisture 
having been expelled during the previous tests. This makes 
a mixture, which can be used over and over again, particu- 
larly convenient in that the moisture, oil and other volatile 
constituents should for the most part have been already ex- 
pelled during the previous heatings. 


WESTERN SOCIETY OF ENGINEERS 
Journal, vol. 19, no. 4, April 1914, Chicago 


City Transportation, Subways and Railroad Terminals, Bion 
J. Arnold 

Wind Lvads on Buildings, Albert Smith (abstracted) 

The Making of a Technical Journal, E. J. Mehren 
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Loabs on Albert Smith (24 pp., 13 figs. 
and 2 data sheets, eA). Last Spring the author carried out 
tests on roots of the type of large structures, such as drill- 
halls and train sheds. The model represented a roof of 
semi-circular section 6 ft. span and 10 tt. long, covered 
with tin. It was mounted on walls 5 ft. high. After each 
set of observations, the root was lifted and 6 in. of the wall 
taken off. The walls were made of 2 by 6 lumber, tongued 
and grooved, the latter making them both comparatively 
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tight and somewhat stiff when an end or side was omitted 
in the course of the tests. The author describes in detail 
the pressure-registering instruments and the method of tak- 
ing the observations, as well as the method of calibrating 
the pitot tubes. He derived a number of pressure diagrams 
for various winds and also made a number of observations 
with portions of wall removed. He found that the forces 
on the building with one side open, while greater than for 
one of the same height with the side closed, did not exceed 
the proposed units. With the wind in the other direction, 
the pressure on the closed wall would be increased by a 
rarefaction inside the house, and the suctions over the roof 
would be diminished. Observations on the model with both 
sides removed show that the stresses for this ease are less 
in amount, and nearly the same in distribution as for the 
closed house. A comparison of the stresses in a very simple 
two-hinged arch trom three systems of wind loading is 
shown in Fig. 15. It appears that if the wind loads are as 
shown by the test described, not only are the stresses as- 
sumed to be much too large in most cases, but in two cases 
they gave tension only in numbers which should be designed 
for compression. This truss is of exaggerated depth, and 
in a large truss of ordinary depth the discrepancies would 
be greater. Such arches are now made entirely of compres- 
sion sections in most cases, but it would be better to adopt 
a loading system which makes it impossible to do other- 
wise. In another illustration the author shows the same 
comparison for a mill building bent. As in the arch, all 
members received compression from the proposed loadings, 
while by the common method three of these members would 
14) and found that the effect of size of grain and particu- 
be designed for tension only. (For the eurrent formula of 
wind stresses on buildings and its eriticism see article on p. 
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ENGINEERING SURVEY 
The 


expect to tind that he is wrong, and the Engineering Survey 


man who makes assumptions in engineering must 
of this month presents several illustrations of this facet: the 
working processes in a suction compressor taking air at an 
initial pressure above atmospheric are not as they were 
usually assumed to be; the action of gripping devices on 
elevators is different from what it Was supposed to be: and 
the same is true to a certain extent with respect to the re- 
sistance of locomotives and operation of saturated steam 


locomotive boilers. 
THIS MONTH'S ARTICLES 
The article on the operation of suction compressors has 
been already mentioned above, as well as the investigation 
of grip devices. In the article on centrifugal pumps built 
by a German concern is deseribed an interesting type of 
pump for mine work, particularly adapted to sinking shafts. 
The railway engineering section contains an aecount of 
tests of a saturated steam twin eXpress locomotive, in which 
the boiler and engine have been tested first separately, and 
then together as a unit. In another part of the same section 


Is presented an extensive abstract of a series of Russian 


tests on the resistance of locomotives and cars while in mo- 


tion and under Various atmospheric conditions (it is the 


general rule of the Engineering Survey to make more ex- 


tensive abstracts of articles published in little accessible 


publications, or languages not commonly known in this 
country 

A variation in the design of combined Cornwall tubular 
boilers is described in the Steam Mngineering Section, the 
advantage of the 


type being its higher coeflicient of safety 


and less necessity for skilled attendance. In the same see- 
tion is described a rather unusual case of an explosion of 
a de Laval rotor caused apparently by some internal de- 
fect in the material which had not been previously diseoy- 
ered because no overspeed tests of the rotor were made by 
the manufacturers. R. Sehulz shows that it is mainly the 
presence of oils in imperfectly cleaned water of condensa- 
tion, used over again as feedwater, that causes corrosion in 
boilers, while separators for extracting oil from steam, as 
usually made, are far from being eflicient enough to give 
an absolute guarantee of producing water of condensation 
safe to use in a boiler. Attention is called to the interesting 
known as “ knock- 
ing” in the erank mechanism of reciprocating engines, the 
main feature of which is that. it 


experimental investigation of what is 


is experimentally deter- 
mined with a special apparatus which makes it possible to 
establish the causes of knocking with great completeness. 
The apparatus also lends itself to several other uses in eon- 
nection with the investigation of machine parts having a 
motion different from one along closed continuous curves. 
A communication of the German Royal Testing Labora- 
tories at Gross Lichterfelde West deseribes a new method 
for the determination of heat conductivity of refractory 
materials, which avoids the well-known difficulties of the 


calorimetric method: the apparatus is simple and easily 
installed. 

Richard H. Rice deseribes the operation of turbo-blowers 
for blast furnace blowing, and shows, by means of a spe 
cially designed apparatus, that. contrary to frequent con- 
tentions, the blast from a turbo-blower Is actually more 
steady than that from a reciprocating engine, 

From the Journal of the American Society of Naval KE ngi- 
neers are taken articles on the operation and trials of the 
U. S. Collier Jupiter, the construction of which has been de- 
seribed in a paper presented before this Society ; and tests 
on the use of mixed oils in forced-lubrication systems whieh 
appear to establish that such a use of oils has no harmful 
effects. 


formula for the weight ot 


From the same source is alse taken an empirical 
steam passing through a venturi 
tube (a modified Rankine formula). 

Data upon the new turbine pumps of the St. Louis Water 
Works, and a formula for capitalizing the investment, are 
presented in a paper before the Association of Engineering 
Societies. The Australasian Institute of Mining Engineers 
has a paper on the requirements of economical winding con- 
taming, among other things, an interesting list of safety 
devices which the author claims to be necessary in a winding 
engine as “the saving of property in the event of an aecci- 
dent more than compensates for their initial and maintenance 
costs.” The principles of seale construction are summarized 
from the manuseript of a paper presented before the Eighth 
Annual Conference of Weights and Measures (very kindly 
loaned for this purpose by the author, Mr. A. Boustield ). 

Professor Horace Judd, in a paper before the Ohio So- 
ciety of Mechanical, Electrical and Steam Engineers, pre- 
sents interesting data on the Taylor stoker operating under 
ordinary conditions. 

Owing to lack of space several articles which would other 
wise be reported in this issue, have been held until another 
Issue, 

Articles appearing in the Survey are classified as ¢ com 
parative; d descriptive; ¢ e perimental; g general; h his- 
torical; m mathematical: p practical; s statistical; ¢ theoret- 
ieal. Articles of 
reviewer, 


exceptional merit are rated 4 by the 
Opinions expressed are those of the reviewer, not 


ot the Society 


FOREIGN REVIEW 
Air Machinery 


INFLUENCE OF THE Sv¢ TION PRESSURE OF A COMPRESSOR 
ON ITS Power CONSUMPTION AND Ovrpt T (Der Einfluss der 
Saugspannung eines Kompressors auf dessen Kraftverbrauch 
und seine Ansangeleistung, Hans Wunderlich. Die Férder- 
technik, vol. 7, no. 9 p. 105, May 1, 1914. 3 pp., 5 figs. 
t). There are still many erroneous ideas about the power 
consumption of compressors, working on gases having an 
initial pressure above the atmospheric, and there are even 
persons who still believe that the compressor working with 
such gas consumes less power than one handling gas at an 
initial atmospheric pressure. They do not consider the facts 
that the suction volume corresponding to various suction 
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pressures is not constant and that the heat relations in such 
a compressor are essentially different from those in a com- 
pressor which takes its supply at atmospheric pressure. In 
order to determine the power consumption of such a com- 
pressor, the author proceeds in two ways, first determining 
the theoretical power consumption by means of entropy dia- 
grams, and then graphically. 

Theoretical determination of power consumption of the 
compressor by means of entropy tables. In Fig. 1A a b rep- 
resents the adiabatic curve and a ¢ the isothermal. Further, 
the work of isothermal compression is represented by the 
area acd f which is geometrically equal to the area ac gh 
representing the P V diagram in the present case. It com- 
prises the work of compression and the work delivered at 
constant pressure. The value corresponding to both of these 
areas is (see Fig. 1B). 


(S, S,) T 


L, 


If the compression occurs adiabatically, which is nearer to 
what actually happens, then the area a b e f in Fig 1A rep- 
resents the corresponding work; to this should be added the 
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POWER CONSUMPTION IN PER 
CENT OF Ly 


Fic. 1 DtaGRamMs OF THE WORKING OF A ComprRESSOR TAKING GaAs AT AN 
INITIAL PRESSURE ABOVE ATMOSPHERIC 


strip b c d e representing the heat losses through radiation 
and conduction, due to the fact that the air or gas goes to 
the place of consumption without usefully employing the 
heat which it contained when it left the compressor. The 
aurea a b cd f represents therefore the total work consumed 
in adiabatic compression. Such work on the PV diagram 
Leing represented by the area a b g h, the value correspond- 
ing to it is 


In order to obtain the number of horsepower for each case, 
one must divide the values of L, and L, by 75, and this, with 
mechanical efficieney @, will give the following expressions: 


L Ly 
—' and N, =... 
io (Od 


N,= 
In the above formulae and figures, the following notation 


is used: A, the mechanical equivalent of heat, m/kg; 


427 
S, entropy: specifie heat at constant pressure; 
7,. absolute temperatures; ¢,, t,, temperatures; G,, weight 
of air taken in by the compressor per second; L, work gen- 
erally; L,, Ly, work under specifie conditions; N,, indicated 
horsepower; N,, effective horsepower; ¢, mechanical effi- 
ciency. 

Graphical determination of power consumption. For this 
purpose one has to plot the PV diagram with the corre- 
sponding suction pressures and the required end pressure 
and evaluate it by means of a planimeter in order to establish 
thus the average diagram pressure p m. From this the 
work required for operating the compressor can be deter- 
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mined by means of the equation L = 10,000 /°( pm)c Pe 
and from this the indicated and effective horsepower con- 
sumption are derived respectively : 
N, = Pe/75 and N, = Pe/75@ 

In this equation F’ is the area of the piston in square meters, 
pm the average diagram pressure in kg. per square meter, 
c piston velocity per second in meters, P power on the con- 
necting red in kg. For air at 16 deg. cent. (60.8 deg. falr.) 
and an output of 1 kg. of air taken in per second, the above 
equation assumes the form L 8350 pm m keg. 

The author gives two examples of the application of this 
method of which the tirst will be reported here. Let the end 
pressure of an air compressor be 11 atmospheres absolute 
und be constant, while the suction pressure varies trom 1 
atmosphere to 2, 5, 4, ete.. up to ten atmospheres, increasing 
by steps of one atmosphere each. The compression is in a 
single stage and proceeds on the purely adiabatic process, 


in accordance with the law, pr (, the suction tem- 
perature is in all cases 16 deg. cent. or 60.8 deg. tahr.. and 
the weight of air 1.2 kg. per cubic meter (0.74 Ib. per eu. 
tt.). The work theoretically expended by the compressor 
per second is in accordance with the equation 
L, cp (T T,).427.G, m kg., 

where G, is for simplicity’s sake assumed, at atmospheric 
pressure, to be equal to one. The rise of temperature ot 
the air which oceurs in adiabatic compression is read off tor 
each case directly from the entropy table. The specific heats 
vary slightly with the temperature but practically are not 
affected by high pressures, 

= 0.2259 0.0000394 T and e, = 0.1574 4- O.0000594 7 

The compressor outputs at suction pressures from one to 
ten atmospheres absolute and final pressure of eleven atmos 
pheres absolute are evaluated as follows: The last column ot 
Table 2 is obtained by making L. J. equal to 100 per cent. 
This shows the large iniluence of the suction pressure on the 
power consumption of a compressor. It appears that it is 
at its best between three and tour atmospheres absolute 
and from there on rises by about 50 per cent. In Fig. 1C 
the output curve for this case is plotted and from it the 
power consumption in percentages of L,/ can be read off 
directly. The author gives also the ten diagrams corre- 
sponding to each of these cases and derives the power con- 
sumption for each ease from the diagrams. The two meth- 
ods give practically identical results, but the determination 
from the entropy table is much easier and simp'’er. — In 
practice it is quite often important to know whieh way of 
compression would prove more economical; for exemple, it 
it is necessary to compress a certain amount of air (say for 
testing purposes) to 225 atmospheres while the compressed 
uir system of the shop has a pressure of only six or seven 
atmospheres, it is more economical to use a small single stage 
pump than an expensive two stage compressor, On a larger 
seale, the same considerations apply to the production of 
compressed air for mine locomotives. There quite high pres- 
sures, around 150 atmospheres, are used, and to produce 
them four and five stage compressors of about 320 h.p. are 
required. If the same compressor would receive the air 
from the compressed air system, i. e., previously compressed 
to six or seven atmospheres, one could eliminate at least one 
stage, which would be equivalent to a saving of about 80 
hp. The compressor would become simpler, power smaller 
and total costs of installation lower. 
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Hoisting Machinery 

INVESTIGATION OF Grip Devices on ELevators Is ACTUAL 
OPERATION (Untersuchungen an Fangvorric htungen im Be 
triebe befindlicher Aufziige, R. Mades. Zeits. des Vereines 
deutscher Ingenieure, vol. 58, no. 21, p. 827, May 23, 1914. 
Y pp. 31 figs. e4). The present article covers investiga- 
tions of grip devices on freight and passenger elevators. 
Most of the investigations made hitherto have been effected 
with an apparatus showing the retardation of the elevator 
by means of a spring and weight. In the present instance 


the process adopted was that of time-path diagrams because 
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it was desired to investigate the motion of the grip wedges, 
simultaneously with that of the elevator itself. This process 
led to the formation of new views with regard te the mods 
ol operation ot gripping devices. The diagrams were then 
subjected to a graphical process of estimation. The testing 
arrangement was such that both cage ropes or each one 
singly could be instantly released either while at rest or 
during the downward motion. The releasing device acted 
so suddenly that in the diagram no distinetion could be dis- 
covered between the beginning of the theoretical curve of 


fall and the instant of release. The measuring device eon- 
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sisted of a measuring drum a, Figs. 2A and B, 160 mm (6.4 
in.) in diameter and 500 mm (19.6 in.) loug with a diagram 
sheet 500 by 500 mm (19.6 x 19.6 in.) area. The drum 
Was at first given an acceleration by means of a powerful 
spring b, and when it reached its highest angular velocity 
(after a rotation through 40 mm (1.57 in.) measured along 
the periphery), it was further retated by a clock device pro- 
vided with a brake governor ¢ in such a manner as to main- 
The drum a makes one 
complete revolution and is uncoupled by means of the rope 
The 


time of revolution is usually set at one second since, in ad- 


tain the angular velocity constant. 
a a short time previously to the release of the car. 


dition to the gripping process which lasts about 0.2 seconds, 
there are subsequent phenomena which take up the rest of 
the time up to one second. This time is measured by means 
ot a calibrated tuning fork e, giving 100 double oscillations 
in one second. The diagram is traced directly on paper. 
There were also recorded the instant of the release f and 
the motion ot both grip wedges yg. The tests were made 
with wedges mounted on springs and provided with rolls, 
Fig. 2C, in such a manner that one rope was released when 
in the state of rest, first with an empty elevator and then 
with gradually increasing loads; next, the same was 
made during the downward run at normal velocity. 

The diagram D shows that the elevator has a free fall up 
to about 50 mm and from there on begins an irregularity 
of the curve of fall and consequently some sort of braking. 
It was established by graphical methods that there is a 
maximum retardation of 24.9 meters (81.6 ft.) per second 
per second, when the weight of the 
kg (2420 Ib.) 


shows further that after the elevator 


elevator proper is 1100 


and no excess load applied. The diagram 
came to rest, it jumped 
up 24 mm (say 1 in.) and then after a period of 0.48 seconds 


came to rest with an average travel of fall of 92 mm (3.62 


in.). It was found further that the elevator was thrown up- 
ward through the elastic action of the compressed guides 
and that this upward jump was facilitated through the pres- 
ence of rolls on the reverse side of the grip wedges. In a 
a second test the elevator showed a maximum travel of fall 
115 mm with a retardation of 103.5 meters (339.48 ft.) per 
second per second, and a foree of 1140 kg (2508 lb.). The 
elevator was gripped at exactly the same spot as in the first 
case. The increase of the shock taken up by the two guides 
appears to be due to the fact that during the first test the 
guides were strongly compressed at the place of grip and 
during the second test did not possess the same amount of 
The motions of the grip wedges show that the 
latter had not come to rest when the elevator was already at 


elasticity. 
rest (compare Fig. 2E). During the third test the maximum 
retardation rose to 128 m (419.8 ft.) per second per sec- 
ond and the foree ot shock to 14,050 kg (30,974 Ib.). The 
motions of the grip wedges were still more violent than in 
the second test while the rise of the force of shock was less 
than in the second test, which indicates that the guides were 
compressed nearly to the limit (the gripping was executed 
always at the same spot, Fig. 2F). Further diagrams show 
that the shocks and motions of the grip wedges become more 
and more violent and since they are very irregular in their 
action, the elevator assumed more and more of a pendular 
motion and struck against the guides from which it was vio- 
lently repulsed. If a resonance should oceur between the 
pendular motion of the elevator and the oscillations on the 
guides, while the motions of the grip wedges should come 
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into synebronism, complicated processes would take place 
(this may easily happen because the grip wedges are of 
similar coustruction and equal weight). ‘The diagram in 
Fig. 2G shows that the possibility of the motions of the grip 
wedges being in synchronism, is by no means exeluded, and 
when this happens, the knocks are sometimes so violent 
that the pencil jumps out of its holder on the drum even 
though it is held there by a stiff spring. 

The author points out that the usual tests do not fully 
guarantee the safety of operation of elevators as they do 
not establish the possible weakening of the guides due to 
the gripping and the loss of friction in the grip wedges due 
to the roughened tace of the wedge being filled up by par 
ticles of wood. He recommends therefore a series of tests 
which would comprise: a release of a single carrying rope, 
first with no lead and then with gradually increasing loads; 
release from rest of both carrying ropes, first with no load 
and then with gradually increasing loads; release of a single 
rope during the downward run at normal velocity, first with 
no load and then with gradually increasing loads, and a 
both At 


tests should be made to establish at each velocity 


similar release of ropes. the same time proper 
whether 
the governor sets into operation the gripping device and 
whether it is done in a proper manner. The article contains 
further tests showing among other things the comparison 
between grip wedges mounted on springs and working with- 
out springs and also the general action of such wedges. — In 
the tests made with passenger elevators, it was also shown 
that there is a violent jumping of the grips. The author 
shows the braking follows not, as was hitherto assumed, a 


parabolic curve, but acts intermittently, shocks. 


Hydraulics 


A Coat or INERT OIL OVER THE LNSIDE OF 
OF WATER 


INFLUENCE OF 
CEMENT PIPES ON THE RESISTANCE TO THE 
TuroucH THE Pipe (Einfluss des Innenanstrichs von Ze- 
mentcohren mit Inertol auf die Grosse des Leitungswider- 
standes, den Wasser beim Fliessen in Zementcohren findet, 
R. Stickle. Zeits. des Vereines deutscher Inyenicure, vol. 
58, no. 20, p. 796, May 16, 1914. The Paul 
Lechler Company of Stuttgart, Germany, made quite an ex- 


2 pp., 7 figs). 


tensive series of tests to determine the influence of a paint 
This 


the flow of water through a pipe, 


of inert oil on the flow of liquid in a cement pipe. 
was done by comparing 
one series of tests remained rough 
The 
mm. in a length of 15.236 


the surface of which in 
and in another was covered with a paint of inert oil. 
pipe, having a gradient of 231.5 
m., Was laid for 20 m. (65.6 ft.) and had an average open- 
ing diameter of 148 mm. (say 6 in.). It consisted of twenty 
pieces each one meter long, carefully connected with one 
another, and the joints filled with cement and thoroughly 
smoothed. At one end of the cement pipe was added a cast 
iron pipe about 2 m. (6.5 ft.) long and the same diameter 
as the cement pipe. At the other end was a connection with 
a water tank, arranged in such a manner as to permit a con- 
stant pressure head, which might vary from one test to an- 
other. In all tests the water came out from the piping 
through a long sweep bend either into a measuring tank or 
tests the same 


at a free out-flow. In the second series of 


conditions were maintained, but the inside of the pipe was 
The article gives full data 
From the results obtained it appears that the 


covered by a paint of inert oil. 
of the test. 
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coellicient of resistance, determined from the usual equation 
given below, decreases for increasing velocities of flow when 
the latter vary from 0.63 to 1.69 m. per second; but in the 
case of the pipe covered by a paint of inert oil it is gen- 
erally smaller than in the rough pipe and decreases more 
rapidly with increasing velocity of flow, the difference ot 
its value in favor of the oil-painted pipe being 2.5 per cent 
for a velocity of flow of 0.659 m. per second to 7.1 per cent 
The 


author gives a diagram where the values of both coefficients 


for a velocity of tlow of about 1.69 m. per second. 


of resistance are plotted with water velocities as abscissae 
and resistances as ordinates. The values of the coeflicient 
of resistance lor rough pipes appear to lie in a practically 
straight line while those for the oil-painted pipe appear to 
have a considerably greater curvature. 

The equation referred to above is as follows: 

24 


inside diameter of pipe in meters, / 


X / 
where d length of 
pipe in meters, « 


velocity of tlow of water in the pipe m 


m see, and h loss of head in meters. 


CENTRIFUGAL PUMPS OF THE 
Bertin (Der Kreiselpumpenbau der Maffei- 
Schwartzkopf}-Werke G. m. p. Berlin, R. Sehnabel. Zeits. 
des Vereines deutscher Inqenieure, vol. 58, no. 20, p. 769, 


May 16, 1914. 


main types of pumps of the high-pressure type where large 


MAFFEI-SCHWARTZKOPF! 
COMPANY IN 


10 pp., 53 figs. d). The company builds two 


heads of delivery have to be handled. The type preferably 
selected is that with an undivided cylindrical casing: its 
advantage, especially for operation in mines, consists in the 
fact that the pump may be dismantled without lifting the 
casing from the plate. In the other type, which is used 
mainly, though not exelusively, for small delivery heads, 
the pump is divided into several sections vertically in ac 
cordance with the number of stages, the separate parts ot 
the casing being held together by threaded bolts. The shape 
of the rotor and distributor blades which determine the out 
put of the pump and its eflicieney are in their main char 
acteristics the same for both types. The suction standpipe 
is located at the side of the coupling in order io preserve the 
accessibility of the automatic balancing device on the pres- 
sure side. All parts inside the pump which have to be pro 
vided with packing between two spaces of different pres- 
sures, such as the rings at the entrance of the wheels, the 
bushes between stationary and rotating parts and so on, are 
made of appropriate alloys, whieh under ordinary eireum- 
stances show practically no wear. Special attention was 
pail to the production of a device for compensating the 
axial thrust whieh would work reliably under all condi- 
tions, a tundamental requirement for the operation of a 
ligh-pressure centrifugal pump. This device consists of a 
piston whieh constantly tends to move the shaft in a diree- 
tion opposite to the axial thrust, and a vertical throttling 
disk which regulates the pressure of the fluid acting on the 
iston and in this way takes up, in an entirely automatic 
way, the forces constantly acting in the direction of the sue- 
tion side. In addition to that, the outer end of the piston 
carries another disk for the balancing of the sleeve. This 
latter device first comes into action when the piston has 
undergone a large amount of wear and in this case takes up 
the axial thrust also. 


Apart from the sleeve balancing, which, however, seldom 
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comes into action, the two types of pumps differ with respect 
to the balancing of the axial thrust only by the location of 
the throttling disk in front or behind the piston, of whieh 
the water leak bearings. 
Since there is little pressure behind the piston, it is quite 


is further used for cooling the 
suflicient to use a soft cotton packing for the stuffing box 
and a similar packing also on the suction side. In order, 
however, that no air shall pass through the stufling-boxes, 


they are connected with a water chamber, the water of which 


Fic. 3 
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as a rule is brought in from the first stage of the pressure 
line. 

In considering the two types of pumps, it might be sup- 
posed that in the pump with undivided easing, the design 
of the internal parts would be made more ditlicult through 
the possibility of their being affected by handling water 
with the tendency to form hard deposits, but as a matte 
of fact no such a thing occurs. The cast iron intermedia‘e 
parts are covered on the outside with bronze rings, pro- 
vided with forced from 
the outside by means of a small hand pump and the casing 


passages into which kerosene is 
may have a bronze jacket to protect it against electrolytic 
action. 

The illustrates 


pumps driven electrically and by steam turbines. 


article deseribes and various types of 
A special 
type for handling various delivery heads is shown in Fig. 
3A and is used for mine work. Since only a part of the 
cross-section of the mine shaft is available for locating the 
pump, the latter, together with its motor, are placed ver- 
tically in a wrought iron frame provided in the upper 
part with the rope drum and a rope by means of which 
it is gradually lowered, as the bottom of the shaft is sunk 


deeper. The general construction of this pump does not 
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materially differ from stationary horizontal pumps, but in 
order to obtain large suction heads and a simple method of 
water delivery, the suction standpipe is located at the low- 
The bear- 
ings are finished with particular care and their lubricating 
The cut-off slide 
valve is regulated either by hand or by means of a chain 


est point near the motor on the pressure side. 
oil moves automatically in a closed circuit. 


and makes it possible to set the pump for a desired amount 
of delivery. 

In order that the pump shall work economically, even at 
small depths, it is often provided with only part of the 
stages necessary for the greater depth, the intermediate 
spaces being filled up with so-called “* blind pieces” which, 
as the depth increases, are gradually replaced by rotors and 
distributors. The pump body is so constructed that this 
change may be effected in a short time in the shaft itself. 
When high-pressure centrifugal pumps are used in mines 
for pumping against high heads it must be borne in mind 
that the output varies materially from time to time and 
adjustment for this may be very simply effected by limiting 
the upward stroke of the pressure water collector, without 
having to change the speed of rotation. When the volume 
of discharge decreases and the pump is working against 
lifts until it the 
Then the pressure in the piping system rises 


constant pressure, the collector reaclies 


upper limit. 
If the draw- 
ing-off of water ceases entirely, the pump works with cut- 


and thus produces a reduction in the output. 
off valve closed, but it is not advisable to permit a pump 
to run for a long time in dead water since the heating ot 
the 
pump and it is much better to install a valve governed by 


the water might easily injure the internal parts of 


the pressure of the water in the collector in such a manner 
that when no water is drawn olf, it would automatically 
permit enough water to flow into the suction piping or inte 
the well as would prevent any injury to the pump. Such 
Fig. 3B. It 
valve casing a made of cast iron or steel casting, installed in 


a device is shown in consists of a passage 
the pressure piping between the pipe and the collector and 
provided with an outlet opening b for the no-load water. 
The spindle d of a double beat drop valve c, carries on top 
a piston e and extends downwards far enough to be able 
to push off the no-load valve f. Two extensions to the pres- 
sure water collector permit a small piston not shown in the 
drawing to move up and down in such a manner that the 
pressure water may enter either below or above the piston 
e. When the collector reaches its upper level, the pressure 
water enters through the pipe h from above the piston, 
closes the double beat drop valve and opens the no-load 
valve. The water delivered by the pump flows off through 
the throttling nozzle b, and the upper consumption decreases 
to about one half. If pressure water is drawn off and the 
level in the pressure water collector sinks, the steering pis- 
ton permits pressure water to enter from below the piston 
and as a result the double drop valve rises, the no-load 
valve, under the action of a spring, automatically closes, and 
the pump begins again to deliver water into the collector 
(working thus at full output). 


Internal-Combustion Engines 

( Leis- 
Der 

11% pp. 


Horsepower ror AvuTOMOBILE ENGINES 
tungsformel fiir Automobilmotoren, A. G. von Loewe. 
Motorwagen, vol. 17, no. 13, p. 289, May 10, 1914. 


pm). The author derives the horsepower formula without 
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introducing the factor p, (average piston pressure), and 


obtains the following expression : 


cn 
N=a horsepower 
X X OU 
where 
l 
1 
= ads 
a — . 
4 ToC vm(L +1) 


and is the theoretical horsepower of the motor; ( the num- 
ber of eylinders; a the work of the motor during its four 
cyeles; m the number of revolutions per minute; d, cylinder 
bore; s, stroke; k ¢, ratio of specific heats of the mi ture, 
Cy. at Constant pressure, and cy. at constant volume; ¢. com 
pression ratio (ratio of the volume of gas at the beginning to 
that at the end of the compression stroke); H/, heating value 
of the fuel (kilogram of gasoline); 7, absolute temperature 
at the beginning of the compression stroke; (,,. average 
specific heat of the mixture at constant volume; 1. weight 
of air required tor the combustion of 1 kg. of gasoline (all 
the quantities in standard continental values). 

To obtain the effective horsepower, the value of V will 
have to be multiplied by a coeflicient of eflicieney 4. and, 
since in the derivation of his formula the author started not 


from the mechanical equivalent of heat, but from the rise 


of temperature at the instant of explosion, he uses the 
theoretical thermal coetlicient of efficiency * 
and the eiticiency of the engine is expressed as 7, 


where is the quality factor and mechanical elliciency 


of the engine. 


This leads to the final formula for the effective horse- 
power: 
1 
ras Il on 
] 
k 1 
€ 
where B 
k—1 


The values of JZ, 7.. Cym. and L 


be easily determined by actual measurement; the etlicieney 


are either given, or can 


may be also assumed to be known; may be i ssumed 
to be known, and the author gives a table for values of B 


corresponding to certain values of ¢, under the assumption 


that & = 1.3. 
Assume a four-stroke eyele engine, which has d 10.0; 
6.175 = 46: 1600. Then 
V. = 1.250 & 20.4 0.00135 1600 55.08 hep. 
Railway Engines 
Tests or A Wet Steam Twin Express Locomotive (Ver- 


suche an emer Nassdamp{-Zwillings-Schnelizuglokomotive, 
R. Sanzin, Zeits. des Vercines deutscher Ingenieure, vol. 
58, no. 22. p. 858, May 30, 1914, 6 pp., 8 figs. ¢). 


terest of the tests reported in the present articles lies in the 


fact that they were first made on the boiler without regard 
to the engine, next on the engine as such, and finally on the 
locomotive as a unit, comprising both boiler and engine. 
The type of locomotives tested was introduced about the 
year of 1901 and the investigation covers numerous tests 
on locomotives used for passenger and express traflie on the 
Southern Railway in Austria. 
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Table 1 gives the data obtained from the tests of locomo- 
tive boilers and in the original article is supplemented by 
several diagrams. As a basis for the investigation of the 
processes of combustion and evaporation, there was consid- 
ered the rate of combustion or the amount of coal burned per 
unit area of grate per unit of time, which, in kg. per hour 
per square meter of grate area, corresponds to the amount 


B 
of fuel in the table indicated by ~~. For the determination 


ot the value of = only the time was considered during which 
the throttle was open, as it was found that when the throttle 
was closed very small amounts of coal were burned, owing 
to lack of draft. The present investigation was carried on 
with a grate duty of 200 to 600 kg qm per hour. With 
smaller amounts of coal burned on the grate the output ot 
the locomotive was so small that it could scarcely be re- 
garded as continuous operation, and while on the other 
hand a somewhat higher rate of combustion, up toe G50 
ke qm, could be ebtained with expert firing, a maximum 
grate duty of 500 to 550 ke qm was obtained as an aver 
age. ‘The coal was rich in gas, giving a long flame. Its 
comparatively low heat value (6250 WE) (11,250 B.teu.) 
was compensated for by a high rate of combustion. The 


D 


coetlicient of evaporation corresponds to a boiler pres- 


sure (gage) of 12.5 atmospheres and temperature of teed 
water of 10 deg. cent. or 50 deg. fahr. With an average 
heating value of coal of 6250 WE (11,250 Butea.) and a 
cousumption of heat otf ods WE per ke. (1170 Batu. per 
Ib.) of steam, a theoretical coetlicient of evaporation of 9.55 
was obtained, but the actual coeflicient of evaporation va 
ried trom 8.00 to 5.59 with the amount of coal burned per 
1 qm (from 200 to G00), and with the inerease of the grat 
duty, decreased at first rapidly and then more gradually. 
The variation of the coefficient of evaporation is of great 
value for the estimation of the tuel, but of course is at 
D 
tected by the kind of firing. The amount of steam gen 
i 
erated per 1 qm of heating surface per hour increased 
with the amount of coal burned per hour but not in a 


straight line ratio, as remains somewhat the 


growth , owing to the decrease in the coetlicient of 
‘ 


evaporation, so that, while the amount of coal burned pe: 
1 qm of grate area rese from 200 to 600 ke or increased 
three-fold, the evaporation per 1 qm of the heating surface 


increased only from $1.5 to 65.5 ke or 2.09 times. It is. 


D 
therefore, of advantage to use instead ot , the value ot 
i 
D 
R’ 


since it is not so subject to variations and therefore better 


steam generated per 1 qm of grate area per hour, or 


pertuts of ¢comparing various kinds of locomotives. 

As regards coal test runs, the author, in addition to the 
usual measurements of the coal consumed and water evapo- 
rated, also measured the rarefaction of air in the smoke 
box, fire box and ashpan and the temperature of the smoke 
box gases. The advantages which these simple measure 
ments afforded for the investigation of the process of com- 
bustion, proved to be so great that further steps were taken 
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and gases of combustion were analyzed whieh made it pos- 
sible to establish a heat balance and gave a clear insight 
into the processes of combustion. 

In the four last columns of Table 1 and in Fig. 4, 4 is 
given the distribution of heat in the locomotive boiler for 
Various amounts of coal consumed per unit of grate area, 
the heat value of the fuel burnt being used as a basis of 
calculation. During the tests, rarefaction of the air in the 
smoke box was measured both above and below the spark 
net as well as in the fire box and ashpan. The average rare- 


faction of air in the smoke box / and the fire box #. are 
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viven mm Table 1. It appears that # stands in a very sim- 
ple tunctional relation to R sine the values of h obtained 
é 


in the present test correspond with fair precision to the 


= 0.00055 6 
k 


The following notation is used: for boiler pressure p, 


equation 


lor average pressure in the slide-valve chest p,, pressure at 
the beginning of admission p., at the beginning of expan- 
sion p., at the beginning of exhaust lead p,, at the end of 
the piston stroke lowest pressure during exhaust p,, 
pressure at the beginning of compression p,, and average 
clfective pressure in the steam evlinder pi. All the indi- 
cator diagrams used in this investigation have been taken 
with the throttle opened 0.8 of its maximum area, that is 
08 < 6O 18 qem. (7.4 sq. in.), as it has been found pre 
viously that this opening of the throttle gives the most fa- 
verable results and further that no water is carried over 
into the steam evlinder, while on the other hand the fall of 
pressure produced thereby between the boiler and the slide 
valve chest had no undesirable consequences. The boiler 


pressure was approximately 12.5 atmospheres, while the 
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Sinee the 
average useful steam pressure is materially dependent on the 
boiler pressure, it is worth while to use for its estimation, 


blast pipe was set at its maximum cross section. 


the ratio! , as this magnitude scarcely undergoes any va- 
tiation as long as the boiler pressure varies within moder- 
ate limits. 
The pressure in the steam cylinder during the admission 


With small ad- 


missions the pressure lines during the intlow of steam can 


falls off at first slowly and then rapidly. 


be represented with fair approximation by a straight line 

connecting the pressure p, with p,. In this case the initial pres- 

sure during admission is p, and is equal to the average pres- 

sure in the shde valve chest p,. 

ae tie the design of steam pres- 
Po 

sure diagrams since it permits not only to establish the 


It is especially important 
to know the value of 


ex- 
de- 


the 


act beginning of the expansion line but also enables to 
termine the amount of steam actually required during 
admission to the steam evlinder. 

the 
blast pipe on the back pressure was also investigated in 


The influence of the variation of the cross-section of 
the locomotives under test. The back pressure p, when thie 
maximum cross-section of the blast pipe of 160 gem and 
thirty per cent admission was used amounted, even at five 
revolutions of the driving axle, to only 0.60 atmospheres, 
while with a cross-section of the blast pipe of 75 gem it 
rose to 1.50 atmospheres with a corresponding material in- 
crease in loss of power. During the present test it proved 
possible on certain runs to test the locomotive with a cer- 
iain constant cut-off and a speed of run as far as possible 
unvariable, so that the values for the water consumption 
losses could be used for the deter- 
mination of the total steam consumption per indicated horse- 


after deduction of all 


power hour (these tests are to be taken with regard to the 
most usual average cut-off and average speed of rotation). 
Further the 
useful steam consumption was determined also from the in- 


The results of these tests are shown in Fig. 4B. 


dicator diagrams, and the difference between these two values — 


for steam consumption shows the steam losses through con- 
densation during admission and through leaks. The curves 
in Fig. 4C show the steam consumption for various degrees 
of admission and speed of rotation. If on the same dia- 
gram were plotted the curves showing the generation of 
steam in the boiler, it would give a complete picture of the 
way the boiler and engine work together. 


Finally the total performance of the locomotives was 
tested, mainly in order to determine its maximum, this being 
the fact of greatest interest for practical operation. To 


do this the boiler has to generate the maximum amount of 
steam that it can do in a continuous run and this steam 
must be taken care of in the most favorable way by the en- 
gine so as to obtain the largest possible amount of indicated 
power. It has been already explained that the ability to 
generate steam on the part of the locomotive boiler when 
a given kind of coal is used depends, practically exclusively, 
on the draft available. During the run on a given section of 
the road and for a given amount of steam flowing through 
a given cross-section of the blast pipe per unit of time, 
the draft produced depends directly on the number of revo- 
Intions of the driving axle; the inerease in suction with the 
inerease of speed of rotation of the driving axle is at first 
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certain 
maximum value, the dratt being also for the same amount 


rapid, then slower and apparently approaches a 


of steam flowing dependent on the operation of the steering 
gear, that is beginning of the exhaust lead, shape and diam 
The dratt under certain con- 
but may 
This fact 
be well seen when the draft is observed with the same cut- 


eter of the outtlow pipes, ete. 


ditions produces a certain amount of steam, not 


be able to do it under different conditions. can 


off but variable speed of run. In Fig. D the rarefaction 
of the air in the smoke box for the same admission but dif- 
ferent speeds of rotation is represented by the line OA. 
In order to maintain this admission, amounts of steam in- 
creasing together with the speed of rotation are necessary, 
and to generate such amounts of steam certain minimum 
rarefactions of air in the smoke box are necessary and are 
represented in Fig. 4D by the line OB. The lines O.1 and 
OB intersect in point Fy, which shows that at this speed ot 
rotation the draft required corresponds to the one actually 
available. For lower speeds of rotation the rarefaction in 
the smoke box is larger than necessary, while for high speeds 


hold 


for all admissions and there is a certain geometric locus of 


it is evidently below that required. These conditions 
points of intersection of all required and all actually avail- 
able rarefactions of air CD, corresponding to the maximum 
output of the locomotive while in state of continuous opera- 
From these data on the rarefaction ot the 


tion. air in 


smoke box and the data contained in Table 1 can be deter- 
mined the corresponding amounts of coal burned per hour 
per unit grate area together with the amounts of steam gen 
erated in the hoiler per hour, and in Fig. 4C the line )) shows 
the total steam generated per hour. This permits to gain 
a clear insight into the working together of the boiler and 
steam engine. It shows that with an inerease of the speed 
of rotation the cut-offs one after another intersect the line 
of steam generation, and this in its turn shows that when 
such cut-offs are used, the amount of steam generated by the 
boiler is at first not fully taken care of, then at a certain 
speed of rotation, the total steam delivered by the boiler is 
used, and finally at a still greater speed, the boiler is pumped 
dry. The maximum admissions which are required for the 
highest outputs are indicated by the points of intersection of 
the steam consumption and steam generation curves. From 
these data in Fig. 4C the admissions necessary for obtaining 
the highest output of the plant can be derived, and it ap 
pears that at low speeds of rotation the cut-offs have to be 
varied rapidly and strengly while at higher speeds only 
little alteration is required. 


(1912-1913) THE 
LocoMOTIVEs AND Cars ON THE Russian Raruway System 
(Opyty 1912-1913 9g. 
paravozof, i vagonoff russkoy seti, G. V. Lebedeff. 


TESTS ON RESISTANCE OF PASSENGER 
nad saprativleniem passajirskikh 
Bulletin 
of the Permanent Committee of the Conferences of Agents 
of Various Branches of Service on the Russian Railroads 
(in Russian), no. 3, Mareh 1914, p. 192. 22 
eA). In the 


which are now being made on the Russian 


pp., 9 figs. 


tests on resistance of locomotives and ears 
railroads, the 
main basis for determining the power of a locomotive is 
the traction on the rim of the driving wheel. Actually, how- 
ever, during test runs it is impossible to measure directly 
the traction on the rim of the wheel and it must be obtained 


either by caleulation or from the formula: 
Fy F, — 
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FABLE LOCOMOTIVE 
Steam 
Coal generated 
burned Actual per unit generated 
per unit Coal Steam coefficient area of per unit ke ™ 
of grate burned venerated f evap heating wrate ib 
area per per hour per hour oration surface ea per spark 1 
B D per hour } j 
hour Ky. Ke. hr D R 
; 
Ke. qm.t Hi Kye. 
he 
20 Hs 7 59 
MMT 7.2. 42 2166 
14) 932 HOS6 653 2612 
1382 7307 77 62 9 3175 
Where W,, 1s the resistance of the locomotive as an engine: 


or else trom the formula 
| dl 
I F, (1 +) 
a dt 
where Wy as the resistance of the locomotive as a carriage, 


I’ the weight of the locomotive with its tender. ¥ correction 


member tor the rotating mass, | speed and ¢ time. Sinee, 
however, Wy, eannot be measured directly, only the second 
formula can be used for the determination of F,, but to use 


dl 
and - 
aft 


Verent apparatus for the determination 


it necessary to know WwW’. There is no c¢on- 
ot the acceleration 


a train, the apparatus of Desdouits being too rough. 


Professor Lomonossoff, who is in charge of these tests, has 
therefore proposed to eliminate from this equation the mul 
tiphier of P in the last member, by means of the equation 
of the motion ot 


ears: 


W 
where @ is the weight of the cars and W, their resistance. 
This brings us to the formula of the traction on the rim as 

Is the Specific resistance ot the locomotive 
W, 


as a carriage, and wu is the specific resistance of the 


ears. /', is determined by means of a dynamometer, while 


wy, and w, have to be determined by 


separate tests. 
The resistance of Wy, of the locomotive as a earriage can 


he separated into two parts: The resistance of 


the loeomo- 
live carriage proper W', and the frontal resistance W” of 
the air medium through which the locomotive has to make 
for itself. As to the latter it is known that 
where ¢Q is the frontal surface of the loco- 
motive and x is a coefficient determined experimentally and 
equal, according to the tests of Frank and Eiffel, te 0.006. 
The determination of the resistance of a locomotive as 


a passage 


Ww” y? 


® carriage was effected in two ways. The first and simplest 
was as follows: The train of several locomotives of a given 
type with the connecting rods taken off, was made up with 


a dynamometer ear in front of the locomotives and con- 
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Draft Heat distribution 
Average 
tempera- 
Fire box ture of I 
flue gases I es t 
1 , through through ra i 
deg flue gase residues 
ind s 
Was 
‘ ute 
7 10) 11.5 “7 
11 200 15.3 1 1 
lt 18.7 17 
41 26.5 s 
is 40 8.4 4 
oo 153 29.4 61 
nected with them by the dynamometer hook. Several test 


runs were made. The values of /’, read off on the dyna 
mometer represent the sum of all Wy for all the locomotives 
after the speed has become normal. By dividing these read 
total 
we obtain the total or specific resistance of a single locomo 
tive at the frontal of the an 


heing evaluated in accordance with the formula given above. 


by the number 


ngs 


ot locomotives or their welglit, 


Various velocities, 


resistance 


This method is very simple and convenient when conditions 
favor its appheation, but, in order that it should give re- 
lable results, at least two or three locomotives of the given 
type have to be available, since the dynamometer readings 
are not reliable values of I’. 


tor small 


When only one 
locomotive of the given type is available, the other method, 
suggested first by Desdouits, had to be resorted to, namely, 
letting the locomotive run down an ineline, 

The theoretical basis of this method is 


The 


equation of the motion of a locomotive with the connecting 


follows: 


as 


reds taken off and moving down an incline is 


P 
(1 —— Pi > 
Mi dt 
where ¢ is the incline in mils. This formula may be con- 
verted into 


di 
we) 


dt 


where wy, is the total specific resistance of a locomotive as a 


9 
earriage and & a ~ 120, from which formala 
1000(1 +) 
1 « 
the expression for wy, is i 9 which permits the de- 
$ at 
termination of w, if the ineline and acceleration of the mo- 
tion of the locomotive are known. Now assume that we 


have a section of the track of a known profile and that the 
locomotive travels by inertia, having previously received 
a certain initial velocity. 


At predetermined points of this 
section, 


at equal distances from one another, the time and 


velocity are recorded, 


If we assume further that between 
two points, sufliciently close to one another, the acceleration 
remains constant, it will be equal to 
dV 
- - 3600 
dt t.—t,« 


if time is expressed in seconds and velocity and acceleration 


4. 
~ 
| 
— 
¥ 
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in kilometers and hours. Substituting this value of the ae- 


celeration into the previous equation and assuming a co- 


efficient § = 120 (this coeflicient varies very little for dif- 
ferent locomotives), we obtain 
WwW, =t—— - 30 


which gives the specific resistance at any desired point of 
the road. Having performed several tests of running down 
an incline and referring each time w, to the average velocity 
on the given section, we shall obtain a sutlicient number of 
points to draw a smooth curve. The exactness of the results 
will depend, of course, on the precision of the measurement 
of time and speed. Initially the tests were performed in the 
following manner: A section about a mile and a quarter 
long of uniform, carefully leveled profile (i = 
lected and along it were placed posts 700 tt. from one an- 


—6) was se- 
other. The test locomotive with the connecting rods taken 
off was hooked to a dynamometer ear, the resistance of which 
was previously determined. The car was used because it 
had an electric speed indicator giving instantaneous veloci- 
hooked 


up to the system, was used to drive the test train up to the 
first signal post where it was taken off. 


ties. Behind the car was a seeond locomotive, not 


At the passage in 
front of each signal post, at the sound of a bell on the loco- 


8 K 6 
7 
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motive, the velocity was read in the dynamometer car from 
the electric indicator and the time from a stop-watch. It 
has been, however, found that this method is not suitable 
because the velocity was not measured with suflicient pre- 
cision, While the time could be measured with an exactness 
up to a tenth part of a second. The method was therefore 
arranged as follows: each section of 700 ft. was divided into 
two and the time was read on the passage of the interme- 
diary posts. Since at great speeds it was very difficult to 
notice the passage of each post, 350 ft. distant from its 
neighbor, only the time of the odd numbered posts were 
read, the time curves were plotted on a large seale as fune- 
tions of the distance and the time of the passage of the even 
numbered posts was determined from these curves, which 
further permitted the rejection of erroneous observations. 
The velocity at each n-th post was determined from the 
formula 


bs tame 
In this case the dynamometer car is not necessary and the 
determination of the time ean be made with greater pre- 
cision because the observer does not read the time by the 
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TABLE 2. OUTPUTS OF THE COMPRESSOR WHEN TAKING AIR AT 


VARIOUS INITIAL PRESSURES 


| 


La Equal to m/kg per see Per Cent 
I | 0.246 x258x427x 1 27000 100 
II 0.24385 x 170x427x 2 35500 131 
Ill | 0.242 x125x447x 3 38800 144 
I\ 0 2385x 93x427x 4 38000 140 
0.2885x x427x 5 36200 135 
VI 0.2385 x 54x427x 6 33000 22 
Vil } 0.2385x 40x427x 7 2ZSTO0 106 
Vill 0.2385x 27x427x 8 22000 SI 
IX 0. 2385x 17x427x 9 15600 5S 
0 2385x S8x427x10 S150 30 


bell, but himsel! sees the signal post and presses the button 
of the stop-wateh on the passage of each, while another man 
The this 


method of determining velocities lies in the fact that only 


takes down the readings. great convenience of 
one variable, time, has to be observed, whieh makes the ob- 
servation easier and naturally raises the reliability of the 
results. However exact and sensitive a speed indicator may 
be, when it is used, it is extremely important to have its 
readings and those of the stop-watch taken simultaneously 
with the passage of the signal post, and in practice it is 
very difficult to obtain a perfect synchronization of these 
three moments. To determine acceleration at velocities above 
50 km. per hour, sections of 700 tt. each prove to be too 
small. The caleulations were therefore made by determin- 
ing the velocity at the first and last sections and by assum- 
ing the acceleration on the entire run to be constant. 
This 


points 


assumption appears to be fully legitimate sinee the 
along the curve lay even better than when the ae- 
celeration was determined for every 700 ft. Desdouits also 
made such an assumption. 

For every locomotive about fifteen runs down an incline 
were made in absolutely calm weather and with initial ve- 
locities from 5 to 100 kg. per hour. Curve Fig. 5 gives the 
It shows that 
the character of the curves obtained by dynamometric meas- 
urement differs quite materially from those obtained by 
letting a car down an incline. 


specific resistance of the locomotives tested. 


Since the greatest difference 
is observed at high velocities it may be assumed that it is 
mainly due to frontal resistance which in the first case was 
determined from the formula ¢ @ V*. 
the resistance W', is the resistance of the locomotive less its 


It was assumed that 


frontal resistance, actually, however, since the loecmotive is 
not fully covered by the car in front of it, it experienced in 
motion a certain pressure of air on a certain part of its 
Therefore, in order to obtain the total re- 
sistance, it is necessary to have added to the resistance W' 


frontal surface. 


a certain magnitude (2-2") V*, but if we add @ 
the error is made in exaggerating the resistance. If the 


locomotive is comparatively low, the error would then be 
less in the ease of a high locomotive. From his investiga- 
tion, the author comes to the conelusion that for locomoe- 
tives with a leading four wheel bogie, the equation of speeitic 
resistance as a carriage may be taken as 

W, = 14+ 0.02V + 0.005V* 
and for a locomotive with a single leading axle 

V. = 13+ 0.01V + 0.0005V* 
It must be remembered, of course, that this formula gives 
only the resistance of a locomotive as a carriage. The author 
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passes then to the consideration of the resistance of a loco- 
motive in motion without steam. 

From the equation connecting the tangent and indicated 
traction forces 

Fy F, — Wa 
it appears that when the throttle is closed, that is when the 
indicated force of traction becomes equal to zero, the tangent 
assumes a certain negative value. This is the resistance of 
the locomotive as an engine with the throttle closed. 

Let us call it W',,. The total resistance of a locomotive is 
then the sum of its resistance as a carriage and its resist 
anee as an engine with the throttle closed. Let us call it 
Wy... lence 

Win + W, 
This resistance was also determined by the “ ineline™ 
method, and the curves obtained were then submitted in 
several cases to a special method of double graphical dit 
ferentiation which the author explains in full. 

This method is very convenient for freight locomotives 
where the resistance at high speeds is not required, and for 
speeds up to 26 miles per hour it gives good results, but 
speeds is of principal interest, it is not applicable. The 


author has determined the resistance of two passenger lo 


lor passenger locomotives, where the resistance at high 


comotives with the throttle closed and obtained formule ot 
the tollowing kind: 
W' 2+ 4+ 0.0004 + 1°, 
The cube member is not novel, since Rbkl and Desdouits 
have obtained tormulw of resistance with the throttle closed 
contaiming such a member and believed that this member 
characterizes the resistance determined by the mechanism 
itself. The author passes then to the resistance of eight 
Wheel passenger cars. A number of dynamometric tests 
were made in 1912 and 1913 by two students of the St. Pe- 
tersburg Polytechnical Institute who obtained for the sum 
mer time, the following formula of resistance: 
Uy 1.2-+-0.01 V-+-0.0003 
This formula has been, however, obtained under exceptional 
conditions with special eare for the rolling stock, and it is 
reasonable to assume that the magnitude of resistance as 
expressed by this formula is really somewhat below the nor- 
mal. Protessor Lomonosstt proposed therefore to use for 
the average conditions of summer tratlie a formula: 
154+ 
1000 
The author has derived tor the conditions of winter tratlic. 


the tollowing formula, based partly on graphical differen- 
tiation and partly on the observation of actual velocities on 
sections of known profile : 


10 
w, 1.5 + 0.5V 
1000 
These runs were made in November 1913 at temperatures 
which varied between — 5 and — 15 deg. R. (20.75 and 


2.75 deg. fahr.), often in snow and blizzard, and gives the 
resistance at average conditions. It is, however, only the 
normal resistance of the ears, that is, not the initial resist- 
anee, but a resistance which becomes established after the 
train has been in motion for a certain time. In winter the 
resistance at the starting of a train is considerably higher 
than after the state of operation becomes normal. This 
is due mainly to the variation in the temperature of the 
iubricant, and, naturally, when the locomotive takes from 
the station a train with the lubricant in the journals frozen. 
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the resistances is comparatively very high. The author pro 
ceeds to show how these data on locomotive and car resist- 


anee may be used for making up schedule of train runs. 


Steam Engineering 


A COMPARISON OF THE Designs or Two ComBinep 
CornWaLt Borers, wirh Respect Sarety oF 
OPERATION (Kin Vergleich der Konstruktionen zweier com- 
Linierter Cornwall-Réhrenkessel auf ihre Betriebssicherkeit, 
P. Koch, Zeits. fiir Dampfkessel und Maschinenbetricb, vol. 
37, no. 21, p. 255, May 22, 1914, 2 pp., 9 figs. de). The 
author compares two constructions of combined Cornwall 
Tubular Boilers. In the original construction, the upper 
and lower drums were arranged in such a manner as to have 
a water level in conformance with the German Government 
regulations, both drums being provided with feed water 
valves and blow-off cocks. The feeding is usually done into 
the upper drum wherefrom the water passes to the lower 
drum through an over-flow pipe a (Fig. 6A), while the steam 
spaces in the two drums are interconnected by means of the 
pipe b. This arrangement is in aecordance with German 
Government regulations but does not guarantee perfect safety 
of operation and requires absolutely reliable attendance. 
The fireman, in order to prevent all danger of trouble, has 
constantly to observe the water level of the lower drum and 
at the same time attend to the feedwater valve on the upper 
drum. If then strong drawing-off of steam occurs, it may 
happen that through the over-flow pipe a, not so much water 
reaches the lower drum as the latter requires to compensate 
for the amount of steam drawn-off, as a result of which some 
of the fire tubes become uncovered and, by the action of the 
heat, annealed and deformed, This may result not only from 
a sudden drawing-off of steam but may be due also to a 
mistake of the fireman in observing the water level vaves 
on the upper and lower drums. Further the feeding into 
the upper drum may also endanger regulation of operation. 
It for example the water level in the upper drum has gone 
pretty far down, then until a flow of feedwater through the 
over-llow pipe a into the lower drum occurs, a large amount 
of water has to be delivered into the boiler by means of the 
feeding apparatus and in the meanwhile the fire-tubes in 
the upper part remain uncovered and become deformed. 
which may lead to all sorts of trouble. On account of all 
this and several other considerations, it was decided to re- 
construct the boiler into the type shown in Fig. 6B, whieh 
is really an improved Piedboeuf double boiler with one 
water space and two steam spaces. It has in all one wacer 
level in the upper boiler and one feed to take care of. 


ExpLosion or A Roror or a Lavat Tursixe (Die Explo- 
, F. v. Plato. Zeits. 
des Vereines deutscher Ingenieure, vol. 58, no. 21, p. 817, 
May 23, 1914. 5 pp., 13 figs. dpe). On August 6, 1912, in 
the electrical power house of the Libau (Russia) Steel Works 
Company, there occurred an explosion of the rotor of a 500 


sion des Laufrades einer Lavalturbine 


h.p. De Laval steam turbine which was so unusual that the 
following account is of interest. A thorough investigation fol- 
lowed the accident, the results of which emphasize the neces- 
sity for preliminary over-speed tests of all similar parts of 
high-speed machinery, This turbine was coupled by means 
of transmission gears to two direct-eurrent generators of 


2 x 110 volts each. At no-load on the generator it had a 
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speed of 10,820 r.p.m., equivalent to a peripheral speed of 
H5 m. (1460 ft.) per second, the ratio of the transmission 
being 416:30. The turbine which was in operation on the 
morning of the explosion was provided later in the day with 
a new rotor shortly before received trom Sweden, because 
the blades of the old roter had become considerably worn 
from the water present in the steam (saturated steam at 8 
atmospheres was used). this construe- 
tion are used in the plant and as the rotors have to be ex- 
changed about once a year, the engineers had had ample 
experience in this kind of work. After testing by hand to 
determine the free run of the rotor, the engine as usual was 


Seven turbines of 


warmed up and in the afternoon slowly started in the pres- 
ence of the superintendent of the plant who was standing 
at the side of the easing. One of the engineers stood near 
the switch-board and the other was slowly opening the main 


steam valve and at the same time observing the manometer 


hic. 6 Two 
located behind the regulating valve and later on stated that 
the steam pressure rose gradually to 3 or 5! atmospheres 
and remained stationary at that point; he then fully opened 
the throttle and approached the turbine in order to open 
the necessary number of nozzles as soon as the load was 
thrown on the turbine. The other engineers were cutting in 
the excitation and raising the voltage; when the 
latter reached about twenty volts the explosion occurred, 
killing the superintendent and another man present and seri- 
ously injuring both engineers. 


current 


The article describes in detail the various injuries done 
to the turbine installation and other machinery and passes 
to the consideration of the probable cause of the accident. 
It appears that the governor was not destroyed and while 
there were indications of corrosion in the governor valve, 
the amount of steam which might pass through it would not 
be sufficiently large to cause excess speed. No foreign body 
could get in between the valve disk and seat since there was 
wire netting at the inlet. Besides, the turbine ran quite well 
in the morning and if there were material irregularities in 
the working of the governor, they could hardly have re- 
mained entirely unnoticed before; and finally, if the acei- 
dent were due to excess speed, the most likely thing to hap- 
pen would be the flying off of the rim of the rotor weakened 


by the thread made on it. Such cases of rupture of the rim 
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have occurred, but never produce as great damage as in this 
case. A further supposition is that the aceident may have 
been due to a foreign body getting into the easing, which, 
however, does not appear probable since in the first instance 
it would cause a considerable amount of noise and would, 
therefore, show its presence and second by the centrifugal 
action of the rotor it would have been thrown out onto the 
rim and cause its fracture in a different manner trom what 
actually took All 


tended the aecident 


place. these and other 


that 


considerations 
to show not to external 
the The 


turbine parts were, therefore, carefully investigated at the 


was due 


causes but to weakness in the material ot rotor, 
Mechanical Laboratories at the St. Petersburg Polytechnic 
Institute, where it 
oft the did 


while tests of tensile strength, as shown by curves of radial 


was found that the chemical constitution 


metal not show any undesirable irregularities, 


and tangential stresses, also failed to indicate any serious 


B 


Borer 


irregularities. On the other hand a microscopic investigation 
of the fracture showed that the metal in some places was 
either partly or roughly erystallized. From the information 
given by the representative of the concern who built the 
rotor, it appears that the blades were made trom material 
delivered by an important Swedish metallurgical concern 
and that the utmost precautions were taken to obtain the best 
material possible. The pieces when finished are usually 
tested by the Brinell method and also run for twenty min- 
utes at a speed fifteen per cent above the normal. It appears 
that in the case of the rotor in question, the Brinell test had 
been but that the test run was omitted. Now the 


Brinell test indicates only the condition of the suriace layers 


made, 


of the metal and gives no information as to possible in- 
ternal weakness, while very slight errors in the treatment 
of the metal, especially in its hardening, may lead to the 
gravest the run at a high 


It appears, therefore, to be absolutely necessary, 


results when turbine wheel is 
speed, 
when rotors to be run at high speed are supplied, to require 
properly signed and attested data sheets of a test run of the 
rotor at a speed 15 to 20 per cent above the normal speed. 


The great importance of such a test is shown by the tre- 


mendous amount of energy stored in a rotor of a De Laval 
turbine or similar apparatus rotating at high speeds. A 
disk with its two shaft flanges and bolts as well 


as the 
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Ib.) 


39.5 emkes* at 


has a 


10,820 


blades weigh approximately 135) ke. and 
moment of inertia of approximately 
rpm. It follows from this that at full speed, the energy 
stored in the disk is 

5 lw 


- 


25,500,000 255,000 mike 33 80 


The heaviest piece which broke off from the exploded rotol 


weighed 27 kg. (59.4 Ib.) The peripheral speed of the cen 


fer of gravity of this piece was approximately 200 m. pel 


second (656 ft.)., and when it tree from the disk its 


vot 
energy Was approximately 


DD.000 tke 735 


It can be seen from this What a tremendous damage would 


he done by the sudden liberation of sueh ay amount of en 


ergy. 
CONCERNING Usk oF 


THI WATER OF 


Feepwatrer (Uber Verwendharkeit ron 


CONDENSATION AS 
Zeits. fiir Dampf- 


21, pp. 257, Maw 22, 


A considerable number at 


wasser cum Nesselspeisen, M. R. Sehulz. 
hessel und Maschinenhe trieb, vol. 


19] 1. liv. eon 


pe). 


plaints have been made lately about corrosion in steam boil 


ers, superheaters, steam piping, ete, Such corrosion is vel 


erally local and very small at first. but Increases later and 


finally pierces the material by needle-like passages. It may 
be recognized by observing on the surface of steam pipes 
and boiler sheets tiny exerescences of 5 to 10 mm (O.2 to 


0.4 in.) in diameter, consisting of iron oxide: when thev are 


removed the typical deepening as shown in Fig. 7 may be 
observed. Chemists have ascribed the origin of such correo 
sion to many causes, but a long study of the matter brought 
the author to the conclusion that they do not depend pri 
marily on thie quantity of air or ot 

feedwater, but that both of these do 


sion if oil is present in the water. 


carbon dioxide in the 
accelerate the corro 
Of late a large number 
of oil separators tor steam have been placed on the mar- 


ket, none of which. however, is as effective as it ought to 


be. One German manufacturer of oil separators offers 
to place his apparatus on test for three months and take it 


back without any compensation whatever, if the separator 
does not deliver the water of 
oil as to be fully 


condensation “so free from 
sate for use as feedwater in steam boilers’ 
and undertakes further to guarantee that the water will con 
tain not more than 0.01525 ¢ per ebm (0.43 
ft.) of 


grains per cu. 


water. It appears therefore that even during such 
a test, when the apparatus is perfectly new and assumed] 
in perfect order, the oil cannot be entirely eliminated from 
steam. As regards the further euarantee that the water of 
condensation would not produce corrosion in boilers, three 
months is far too short a period to enable the user to form 


any judgment as no corrosion generally less 


occurs within 
than one er two years. 


Assuming the above apparatus to work as guaranteed on 


a battery of ten boilers, each having 100 sq.m (1076 sq. ft.) 
of heating surface and a 25-fold load applied, there will be 
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evaporated per vear 10 & JOO 25 24 | 
(47,540,000 gallons), and in this mass of water will be 


contained, i 


accordance with the guarantee, approximately 


2745 ke (6040 Ib.) of 


oil; or, 
taking about 300 Ih. per barrel, there will be about 20 bar- 


rels ot 


oil per year distributed through the piping, boilers 


aud superheaters, This is, of course, a theoretical caleula 


tion, and actually the case would be still worse as no manu 
lacturer of oil separators would guarantee his apparatus to 
The 


er, does not assert that twenty or more barrels 


work up to standard for an entire year and longer. 


author, howe, 


of ol per vear would be extracted from the steam plant 
sinee part of the oil would be vaporized during the steam 
veneration. Enough will settle in’ the superheaters, pipes, 
ete., to prod ee COrrosion, 


Taking up different Ivpes of plants, the author savs that 
ising water of condensation as feedwater is general jy < igar 
plants, where ve ry little is heard of corrosion in boilers. due 
to the fact that as a rule sugar plants are in operation only 
boil 


Further, 


eight weeks at one time and at the end of the run the 


ers and other appliances are thoroughly cleaned. 


> 


VY 


hig. Pousrer “SHockwes 


the sugar lactory, in addition to the Water ot condensa 
lion trom the exhaust steam ot the 


the 


steam engines is also 


the 


used Water of condensation obtained from 


sugar 
tanks, which is perfectly tree from oil. The eustom in such 
plants, also, is to add soda to the feedwater and thus pro 
duce a saponification ot any oil particles that may be 


ent. On 


pres 
the other hand, an entirely different aspect is as- 
sumed Ih} factories of other 


Many types, 


The author quotes a very striking ease of a paper manu- 


factory where the boiler plant for more than fifteen years 
consisted of two double-flue tubular boilers to which were 
later added several water tube boilers. all fed by ordinary 
water direct from a well. Usual methods of mud and boiler 
scale elimination were used and later on water purification 
by the caleium-soda process was introduced and no corre 
sion was observed. The plant was then enlarged and new 
water tube boilers installed. Since the existing feedwater 
purification plant was not suflicient to supply all the water 
required, it was decided to collect the water of condensa‘ion 
coming from the exhaust of the engines, pass it through 
several oil separators located on the exhaust piping and 
feed the water thus obtained into a battery of water tube 
boilers. As a result of this arrangement. corrosion devel- 
eped several years later in the boilers and superheaters, in 
the feedwater piping and even in the steam piping, making 
The author 


ihen enlarged the water purification plant and had all the 


it necessary to shut down the boiler group. 


Water of condensation pass through a process of purification, 
since which no corrosion has been observed. although the 
It does not 
appear that the use of cast iron pipes would improve the 


plant has been in operation for over a year. 
Situation, and in the case of boilers working at a pressure 
of eighteen atmospheres or more the government regulations 
in Germany do not allow the use of cast iron. 


| 
- 
a 
| 
i164 
> 
“ie 
cn 
Pic. 7) Bowen Connosn 
~ 
| 


O14S 


speed of 10,820 r.p.m., equivalent to a peripheral speed ot 
H5 m. (1460 ft.) per second, the ratio of the transmission 
being 416:30. 


morning of the explosion was provided later in the day with 


The turbine which was in operation on the 


a new rotor shortly before received from Sweden, because 
the blades of the old rotor had become considerably worn 
from the water present in the steam (saturated steam at 8 
atmospheres was used). Seven turbines of this construe- 
tion are used in the plant arid as the rotors have to be ex- 
changed about once a year, the engineers had had ample 
experience in this kind of work. hand to 
determine the free run of the rotor, the engine as usual was 


warmed up and in the afternoon slowly started in the pres- 


After testing by 


ence of the superintendent of the plant who was standing 
at the side of the casing. One of the engineers stood near 
the switch-board and the other was slowly opening the main 


steam valve and at the same time observing the manometer 


Fic. 6 Two 
located behind the regulating valve and later on stated that 
the steam pressure rose gradually to 3 or 3!o atmospheres 
and remained stationary at that point; he then fully opened 
the throttle and approached the turbine in order to open 
the necessary number of nozzles as soon as the load 
thrown on the turbine. 


was 
The other engineers were cutting in 
the excitation current and raising the voltage; when the 
latter reached about twenty volts the explosion occurred, 
killing the superintendent and another man present and seri- 
ously injuring both engineers. 

The article describes in detail the various injuries done 
to the turbine installation and other machinery and passes 
to the consideration of the probable cause of the aecident. 
It appears that the governor was not destroyed and while 
there were indications of corrosion in the governor valve, 
the amount of steam which might pass through it would not 
be sufficiently large to cause excess speed. No foreign body 
could get in between the valve disk and seat since there was 
wire netting at the inlet. 
in the morning and if there were material irregularities in 
the working of the governor, they could hardly have re- 
mained entirely unnoticed before; and finally, if the aeci- 
dent were due to excess speed, the most likely thing to hap- 
pen would be the flying off of the rim of the rotor weakened 
by the thread made on it. 


Besides, the turbine ran quite well 


Such cases of rupture of the rim 
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have occurred, but never produce as great damage as in this 
case. A further supposition is that the aceident may have 
been due to a foreign body getting into the casing, which, 
however, does not appear probable since in the first instance 
it would cause a considerable amount of noise and would, 
therefore, show its presence and second by the centrifugal 
action of the roter it would have been thrown out onto the 
rim and cause its fracture in a different manner trom what 


took All 


the aecident 


actually these and other considerations 


tended 


place. 
that 


weakness in 


to external 
The 


turbine parts were, therefore, carefully investigated at the 


to show was due not 


causes but to the material of the rotor. 
Mechanical Laboratories at the St. Petersburg Polytechnic 
Institute. where it was found that the chemical constitution 
of the did 


while tests of tensile strength, as shown by curves of radial 


metal not show any undesirable irregularities, 


and tangential stresses, also failed to indicate any serious 


Borer 


irregularities. On the other hand a microscopic investigation 
of the tracture showed that the metal in some places was 
either partly or roughly erystallized. From the information 
given by the representative of the concern who built the 
rotor, it appears that the blades were made trom material 
delivered by an important Swedish metallurgical concern 
and that the utmost precautions were taken to obtain the best 
material possible. The pieces when finished are usually 
tested by the Brinell method and also run for twenty min- 
utes at a speed fifteen per cent above the normal. It appears 
that in the case of the rotor in question, the Brinell test had 
but that the test Now the 


Brinell test indicates only the condition of the sur ‘ace layers 


been made, run was omitted. 
of the metal and gives no mformation as to possible in- 
ternal weakness, while very slight errors in the treatment 
of the metal, especially in its hardening, may lead to the 
gravest the 


It appears, therefore, to be absolutely necessary, 


results when turbine wheel is run at a high 
speed, 
when rotors to be run at high speed are supplied, to require 
properly signed and attested data sheets of a test run of the 
rotor at a speed 15 to 20 per cent above the normal speed. 
The great importance of such a test is shown by the tre- 
mendous amount of energy stored in a rotor of a De Laval 
turbine or similar apparatus rotating at high speeds. A 


disk with its two shaft flanges and bolts as well as the 
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ke. 


moment of inertia of approximately 


(20% 


Ib.) 


39.5 cmkes’ at 


has a 


10.820 


blades weigh approximately and 


rpm. It follows from this that at full speed, the energy 


stored in the disk is 


lw 25,500,000 emke — 253,000 mke 35 80 lip.-see. 


The heaviest piece which broke off trom the exploded roton 


weighed 27 ke. (59.4 Ib). The peripheral speed of the cen 


ter of gravity of this piece was approximately 200 m. per 
second (656 {t.), and when it got tree from the disk its 
energy Was approximately 
1 
i 55.000 mike sec, 
It can be seen from this what a tremendous damave would 


be done hy the sudden liberation at such an amount of 
ergy. 
CONCERNING THE Usk orf WatTER OF CONDENSATION AS 


Borcer Feepwarer (Uber Verwendbarkeit ron ondens 
Zeits. fiir Dampf- 
no. 21, p. 257, May 22, 


A considerable number ot 


wasser zum Kesselspeisen, M. R. Sehulz. 
hessel und Maschinenhetrich, vol. 37. 


1914. 3 pp. 1 tig. com 


jee}. 
i 


plaints have been lately about corrosion steam 


ers, superheaters, steam piping, ete. Sueh corrosion is gen 
erally loeal and very small at first, but increases later and 
finally pierces the material by needle-like passages. It may 
be recognized by observing on the surtace ot steam Plpes 


and boiler sheets tinv exerescences of 5 to 10 mm (0.2 to 
0.4 in.) in diameter, consisting of iron oxide: when they ar 
removed the typieal deepening as shown in Fig. 7 may be 
observed. Chemists have ascribed the origin of such corro 
Sion to many causes, but a long study of the matter brought 
the author to the conclusion that they do not depend pri 
marily on the quantity of air or of carbon dioxide in the 
feedwater, but that both of these do accelerate the corro 
sion if oil is present in the water. Of late a large number 
of oil separators tor steam have been placed on the mar- 
ket, none of which. however, is as effective as it ought to 


be. One German manufacturer of oil separators offers 
to place his apparatus on test for three months and take it 
back without any compensation whatever, if the separator 


does not deliver the water of 


condensation “so free from 
oil as to be fully safe for use as feedwater in steam boilers ” 
and undertakes further to guarantee that the water will eon 
tain net more than 0.01525 g¢ per ebm (0.43 grains per en. 
ft.) of water. It appears therefore that even during such 
a test, when the apparatus is perfeetly new and assumedly 
in perfect order, the oil cannot be entirely eliminated from 
steam. As regards the further guarantee that the water of 
condensation would not produce corrosion in boilers, three 
months is far too short a period to enable the user to form 
any judgment as no corrosion generally occurs within less 


than one er two years. 
Assuming the above apparatus to werk as guaranteed on 
a battery of ten boilers, each having 100 sq. m (1076 sq. ft.) 


of heating surface and a 25-fold load applied, there will be 
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(47,540,000 gallons), and in this mass of water will be 


contained, in 


accordance with the guarantee, approximately 
9745 ko (O040 lb. ) ol 


taking about 300 Ib. per barrel, there will be about 20 bar- 


oil; or, 


rels of oif per vear distributed through the 


piping, boilers 


and superheaters, This is, of course, a theoretical caleula 
tion, and actually the case would be still worse as ho manu 
facturer of oil separators would guarantee lis apparatus to 


The. 


author, however, does not assert that twenty or more barrels 


vork up to standard for an entire vear and longer. 


of oil per vear would be extracted from the steam plant 


since part of the oil would be Vaporized during the steam 


veneration, Enough will settle in the superheaters, pipes, 


ete., to prod we COrrosion, 

Taking up different types of plants, the author says that 
ising water of condensation as feedwater is general in sugar 
plants, where very little is heard of corrosion in boilers, due 
to the fact that as a rule sugar plants are in operation only 
eight weeks at one time and at the end of the run the boil 


ers and other apphances are thoroughly cleaned. Further, 


VVVVVVVVV 


In the sugar lactory, in addition to the water of condensa 
the 
obtained 


tion trom) the exhaust steam otf steam engines is also 


used the Water ol condensation trom the 


sugar 
tanks, which is perfteetly free from oil. The eustom in such 
plants, also, is to add soda to the feedwater and thus pro- 
duce a saponification of any oil particles that may be pres 
ent. On the other hand, an entirely ditferent aspect Is as- 
sumed in factories of other types. 

The author quotes a very striking case of a paper manu 
factory where the boiler plant for more than fifteen years 
consisted ot two double-flue tubular boilers to which were 
later added several water tube boilers, all fed by ordu ary 
water direct from a well. Usual methods of mud and boiler 
scale elimination were used and later on water purification 
by the caleium soda process Was introduced and no corro- 
sion was observed. The plant was then enlarged and new 


water tube boilers installed. Since the existing feedwater 
purification plant was not suflicient to supply all the water 
required, it was decided to collect the water of condensation 
the the 


separators 


coming trom exhaust of engines, through 


the 
feed the water thus obtained into a battery of water tube 


pass it 


several oil located on exhaust piping and 
boilers. As a result of this arrangement, corrosion devel- 
oped several vears later in the boilers and superheaters, in 
the teedwater piping and even in the steam piping, making 
the The 


then enlarged the water purification plant and had all the 


it necessary to shut down boiler group. author 


water of condensation pass through a process of purification, 


since which no corrosion has been observed, although the 


plant has been in operation for over a year. It does not 
appear that the use of cast iren pipes would improve the 
situation, and in the ease of boilers working at a pressure 
of eighteen atmospheres or more the government regulations 
in Germany do not allow the use of cast iron. 
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EXPERIMENTAL INVESTIGATION OF VARIATIONS OF PREs- 
SURE AND SHOCKS IN THE CRANK MECHANISM OF RECIPRO- 
CATING ENGINES (Experimentelle Untersuchung der Druck- 
wechsel und Stésse im Kurbelyetriebe von Kolbenmaschinen, 
Hl. Polster. Zeits. des Vereines deutscher Ingenieure, vol. 
58, no. 22, p. 867, May 30,1914. 9 pp., 14 figs. eA). The 
author mentions the diflieulties experienced by the designers 
of steam engines in attempting to increase the speed of 
revolution because of “ knocking” in the erank mechanism 
due to the resultant of the steam and mass pressures passing 
from the positive to the negative side during a single revo- 
lution. The pressures on the pins which arise as a result 
of this knocking are very considerable and may exceed the 
ordinary journal pressures from five to ten times. While 
many graphical and analytical investigations of the sub- 
ject have been made, they have not arrived at uniform con- 
clusions. 


The experiments of the author were carried out on a 
Corliss engine at the Laboratory of Mechanics of the Dres- 
den Technical High School. The engine had 450 mm (17.7 
in.) stroke, diameter of piston 180 mm (7.0 in.) and was 
designed tor 160 r.p.m. The piston rod with a diameter ot 
40 mm (1.57 in.) passes through both cylinder covers and is 
provided with stuffing boxes and hemp packing. The length 
of the connecting rod is 1000 mm (39.37 in.), the distance 
of its center of gravity from the cross-head pin is 673 mm 
(26.5 in.). The reciprocating mass weighs 45.87 kg. (101.1 
lb.), the flywheel has an external diameter 1610 mm (63.3 
in.) and its moment of inertia is 56.9 mkgsee* (412.5 ft.-lb. 
per sec. per sec.). 
ment of the 


In designing the experimental arrange- 
apparatus it was required to be able to deter- 
mine the actually occurring maximum shock, the time of the 
shock, the instant of pressure variation, and in addition 
it was desired to be able to investigate separately each of 
the tour shocks corresponding to one revolution of the en- 
gine. The shock occurring in the erank pin bearing pro- 
If one assumes at 
both ends of the rod a sufliciently large amount of play, 
ihen the connecting rod at the instant of the shock may be 
considered as a mass having a free motion of flight and 
ihe foree producing the shock will communicate to this 
mass a corresponding acceleration which increases in the 
same proportion as the force of shock, attains its maximum 
simultaneously with it, and then begins to decrease also 
simultaneously with it. 


dueed a trembling in the connecting rod. 


It now there be a small mass A 
as in Fig. 8, which is pressed against a certain body B by 
means of a weightless spring C and if the entire system 
be accelerated in the direction of the axis « — y then as the 
acceleration b increases, the pressure between A and B will 
decrease more and more and at the instant where b equals the 
tension of the spring, it will become 0. If b be increased 
still more, then A will get free from B and the two bodies 
will come back into contact only after the tension of the 
spring again exceeds the acceleration (no attention is here 
paid to oscillatory phenomena). 

If now such a device as shown in Fig. 8 be placed on a 
connecting rod in such a manner that its axial direction be 
parallel to 2 — y, then with the maximum force of shock P 
kg, a certain definite maximum acceleration b msee— of the 
connecting rod in its axial direction will be produced, and 
by varying the spring tension IF’, the apparatus can be ad- 
justed in such a manner that the mass m will be either just 
in contact with A or in such a position that it could not 
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be brought oat of contact with it. Whether this happens, 
can be determined by insulating A from the spring and con- 
necting A and B with the poles of an electric circuit: at the 
instant when the current is interrupted in the circuit, one 
can say the bm = F where b is acceleration of B with re- 
spect to A in msee*, m is the mass of .A in kyg.m™'see’, and 
It further M be the 
total mass of the connecting rod including the mass of 


I’ is the tension of the spring C in kg. 


B kg.m“'see’, then the force applied to the connecting rod 
will be P = Mh = F. 
m 
ure the force of the shock P which otherwise is not easy 
to determine, from the tension of the spring F which can 
be easily measured, 


This gives a simple way to meas- 


The author calls this apparatus “ shock 
meter” and describes fully its actual construction which 
involves quite a complicated system of electrieal connec 
tions. 

As the lack of space does not permit a complete abstract 
of the article, only the main results of the investigation are 
reported here. “ The Position of Pressure Variation ” 
not aet as a criterion 


ean 
for the strength and danger of the 
shock: the shoek at the dead center can be just as innocu- 
ous as in the middle of the stroke. The speed of revolution 
of the engine has a certain influence on the pressure rise per 
second of the over-pressure line, the latter being propor- 
tional to the speed of revolution, vet the speed of revolution 
does not appear to have any further influence on the force 
of shock. 
second of the over-pressure line, dimension of play, and 
lubrication. With 


shocks increased and then either decreased, or inereased less 


P is a function of only the “ pressure rise” per 


increasing play the strength of the 


rapidly, in accordance with the kind of pressure variation 
and of lubrication, which is due to the fact that where there 
is a larger play, the admission of the oil is more effective. 
The kind of lubrication has a material influence on the force 
hard knocking. <A 


reduce to a consid 


of shocks, poor lubrication producing 
very slight oil pressure is required to 
erable extent the strength of the blows, and higher oil pres 
sures improve the condition still better but not in propor- 
tion to the inereased oil consumption. The present article 
is a valuable extension of the former investigations such as 
those of Stribeck. 


Thermodynamics 


or tHe Heat Conpvetivity ReEPRAC- 
vORY MATerIALs (Untersuchungen tiber die Wadrmeleitfahig- 
keit feuerfester Baustoffe. Stahl und Eisen, vol. 54, no. 20, 
p. 832. e). The present article, which is a 
communication from the Royal Laboratory for Testing Ma- 
terial at Berlin-Lichterfelde West, in the first place criti- 
cises the methods used for the determination of heat con- 
The 


-alorimetrie method, 


INVESTIGATION OF 


3 pp., 2 figs. 


ductivity of refractory structural materials. process 
often used hitherto and known as the 
consists in heating up from an external source a face A 
of a plate made of the material investigated, and measuring 
by means of a water calorimeter the heat coming from the 
opposite face B of the plate after a normal state of oper- 
ation has been attained. This process has been very much in 
favor because it makes it possible to obtain a simple for- 
mula for the ealeulation of heat conductivity, but it has 
many experimental difficulties and is reliable only when the 


flow of heat in the calorimeter is absolutely uniform; that 
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is, When each particle of the area of the heated face A com- 
municates its heat to an equally large particle of the area 
ot the opposite face 2 of the plate. Li this condition is not 
satistied, as has been for instance the case in some previous 
experiments, then the values of conductivity obtained may 
contain errors as high as 100 to 200 per cent. This condi- 
tion of a uniform flow of heat is extremely diflicult to secure 
when the calorimeter process is used and if by a special com 
plicated method one manages to satisfy this particular re 
quirement, many other sources of error are likely to arise. 
The calorimeter method has, therefore, been set aside in the 
present test and another method briefly deseribed has been 
used instead, 

The test plate was built in in a wall made of stones of 
the same or similar kind, Fig. 9A. The experimental plate 
(as well as the surrounding bricks) comes in contact by its 
face AK’ with the plate P, made up of a highly refractory 
material. The latter is heated by means of a granular re 
sistance mass M (carbon granules) by means of a current 
and Fy. Actually, and 
Fig. A, the thickness of 
the direction of the N avis 


flowing through the electrodes PF, 


different trom what is shown in 


the wall element longi 
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tudinal middle line along the experimental brick) was not 
equal te the length of the brick, but two bricks were placed 
side by side so as to make the thickness of the wall element 
equal to two lengths of brick. In the longitudinal axis of 
the experimental brick are located the soldered-in points 


ot the thermo-elements, as shown in the drawing. The 
main thermo-elements were thus located at X 0 and 
X 15 em measured from A. All the other connections 
were used only for the additional control of the tests. After 


the heating current has been placed in cireuit the tempera- 
tures wu, at XN = 0 and u,., at X 
intervals of time by means of the thermo-elements and in 


1.5 em is read at regular 


this way two curves are obtained with 7 in seconds as 
abseissae and the temperatures u, or as ordinates. 
(Fig. B.) These eurves may be called t — u curves; the tem- 
perature uw is not the actual temperature, but the excess 


over the temperature of the external air at the point of 


measurement. If the heat conductivity of a material is 


called k, its specific heat ¢ and its weight per unit of volume 
s, then a = 
conduetivity which, just as k, is a function of the tempera- 
ture u. 


is the so called temperature coefficient of 


If one assumes that a’ is constant, that is, inde- 
pendent of temperature. from the shape of the «, eurve and 
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under an assumption of various values for a’, one may 
calculate the position of the ¢— u curves for various distances 
A, these lines being ealled tor the sake of distinction t — u” 
curves. By comparing the caleulated ¢ u’ curves with the 
t—u curves observed from actual experiments, one may draw 
some conclusions as to @ which first shows the specifie prop- 
erties of the material tested and in the second place gives 


information as to the law of its variation with temperature. 
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AMERICAN INSTITUTE OF MINING ENGINEERS 
Bulletin, vol. 89, May 1914. New York. 

Turbo-Blowers for Blast Furnace Blowing, Richard H. Rice 
(abstracted ) 

Data pertaining to Gas Cleaning at the Duquesne Blast 
Furnaces, A. N. Diehl 

Make Common Carriers of 
Transmission Lines, Samuel S. Wyer 

The Progress of the Metallurgy of Iron and Steel, Sir Rob- 
ert Hadtield 


Is it Feasible to Natural 


wit 


with 


Fic. 10) Pressure Curves or anp BLtowers Driven By 


ENGINES 
Turvo-BLowers ror Biast Furnace BLow1na, Richard H. 
Rice (22 pp., 9 figs. dgp). The paper presents a review ot 
the experience gained and the present state of progress in 
the design of turbo-blowers for blast furnace blowing. On ae- 
count of lack of space only certain parts are here abstracted. 
It has been frequently contended that the blast from the 
reciprocating engine is just as steady as that from the turbe- 
blower and that pulsations due to intermittent discharge 
from air tubs were smoothed by the frictional resistance of 
blast main and stoves. In order to settle this questicn a 
special measuring instrument devoid of inertia was designed 
making it possible to obtain a record of the pressure varia- 
tions in the blast. The reeord shown in Fig. 10 was made on 
a furnace working on Southern iron and at the time it was 
blown with reciprocating engines there were four engines 
in use, two of which had steam cylinders 84 in. in diameter 
and air cylinders 84 x 60 in. stroke, while two had steam 
eylinders 44 in. in diameter and air cylinders 84 x 60 in. 
stroke and were operated at an average speed of 40 revo- 
lutions per minute, giving a total displacement of about 
60,000 eu. ft. of air per minute. They were of the vertical 
long crosshead type equipped with Corliss air inlet valves 
The 


obtained when operating in this manner apparently consists 


and modified Reynolds type discharge valves. curve 
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ol a primary wave and a secondary wave, the first being 
due to the discharge of the reciprocating cylinders while 
the secondary waves may be caused by the fluttering of the 
discharge valves. In contrast with this is shown a compara- 
tively flat curve of pressure variations observed with the 
turbo-blowers. The article describes also the design of a 
constant volume governor for centrifugal compressors and 
gives some data on the performance of reciprocating steam 
engines, gas blowing engines and turbo-blowers, but comes 
to the conclusion that the gas consumption of the recipro- 
eating steam blowing engine is so high as compared with 
that of a turbo-blower that it is not possible with any form 
of blowing engine to come within reasonable range of the 
turbo-blower in this respect. The steam practice ot blast 
furnace and steel works is hopelessly behind the times and 
needs entire revision, but with the introduction of the tur- 
bine-driven plant im which modern economical steam prae- 
tice is applied there is a lower cost of operation, less stop- 
page and loss of product, and a larger product for the same 
furnace and one of better quality than by any other prime 
mover now in use for the purpose. 


AMERICAN SOCIETY OF NAVAL ENGINEERS 
Journal, vol. 26, no. 2, May 1914. Washington, D. ¢ 

Operation and Trials of the U. S. Fleet Collier * Jupiter,” 
S. M. Robinson (abstracted ) 

Designing a Foundry for a Navy Yard, F. M. Perkins 

The Breguet Ejectair, M. M. Delaporte 

Oil Burning, John J. Hyland 

The Desirability of Using High Mean Referred Pressures, 
H. C. Dinger 

The Effect of Mixing Oils in Foreed-Lubrication Systems, 
G. S. Bryan (abstracted) 

Gearing and the Electrie Drive, H. C. Dinger 

Empirical Formula tor the Weight of Steam Passing 
through a Venturi Tube, John B. Grumbein  (ab- 
stracted ) 


OPERATION AND TRIALS OF THE U. FLEET COLLIER 
“Jupirer,’ S. M. Robinson (12 pp., 5 figs. ey). The 
article describes operation and trials of the U. S. Fleet Col- 
lier Jupiter, equipped with an electric system of transmis- 
sion between the turbine plant and propellers. The ma- 
noeuvering qualities of the electric drive have proved to be 
highly satisfactory; when the resistances are in, the opera- 
tion is practicaily instantaneous and this makes it possible 
to use the engines to help the rudder. There are several 
conditions of operation which are peculiar to the electric 
drive. One is that if operated at all, both motors must go 
at the same speed; that is to say, it is not possible to go full 
speed ahead on one of the motors and slow astern on the 
other. Another peculiarity is that when the ship turns the 
inboard screw does not slow down but keeps the same speed 
as the outboard. This results in a slightly larger turning 
cirele at high speed, but apparently the increased pressure 
on the rudder under these conditions nearly makes up for 
the effect of the higher speed of the inboard screw. One of 
the advantages noted in the behavior of the electric drive at 
sea was the total absence of racing. The governor so effeetu- 
ally prevents this that even with bad pitching there was no 
change in speed of the motors when coming in or out of 
the water. Another advantage of the governor is the great 
accuracy with which any desired number of revolutions can 
be maintained. The control wheel onee set will maintain 
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ihe same speed within a small fraction of a revolution for an 
indefinite period of time, regardless of changes in vacuum 
or steam pressure. 

The article gives data of tesis in the form of tables and 
curves. The ship had a water consumption per s.h.p. hour 
in the 48-hour test of 11.68 Ib. (turbine) and in the 24-hour 
test 12.516 Ib. fuel consumption in pounds of coal per hour 
per s.lup. 1.662 and 2.5056 respectively, developing 15.9 and 
s.iup. per square foot of grate surface and 2.82 


and 4.455 knots per ton ol coal. 


Tub Errecr or MIxing IN Forcep-Lusricarion Sys 
TEMS, G. S. Bryan (10 pp., 2 jigs. e). In the Service of 
the United States Navy trouble has been experienced in the 
foreed-lubrication systems of main engines and turbines 
and it has been frequently suggested that this trouble might 
possibly be due to the mixing of two or more oils in the same 
system. In order to decide whether or not mixing oils had 
any harmtul effect, a series of tests was undertaken at the 
Engineering Experiment Station at Annapolis with eight 
oils, five of which were paratline base and three asphalt base 
oil, The test was divided into three general parts: (a) tests 
in oil testing machine, (/) chemical examination for condi 
tion of refinement and determination of the physical consti- 
tution before and atter use in above machine, and (¢) test ot 
oils mixed with steam and water. A special oil testing ma 
chine has been constructed to reproduce forced-lubrication 
conditions. These tests have demonstrated that no harmful 
effects result from mi ing any or all of the oils tested. It 
is believed that the eight oils tested are representative enough 
to cover the field of oils for forced-lubrication and that the 
conclusions drawn trom these tests will apply to all straight 
mineral oils used in forced-lubrication systems. The article 
gives also some data on mixtures of oil with steam and 
water and “separated matter” obtained. This “ separated 
matter” took the form of a thick jelly-like emulsion. The 
same c¢liaracter of emulsion was formed by bubbling steam 
through the oil for a few minutes; when the mixture was 
stirred under 50 |b. steam pressure, the emulsion disap 
peared and a different kind of “separated matter” made 
iis appearance. 


EmpiricaL FormuLa For THE WelGcur OF Steam Pass- 
ING THROUGH A VentTURI TUBE, John B. Grumbein (2 pp., 
1 fig. et). ‘The author derives a new formula for the 
weight of steam passing through a venturi tube, different 
from the Rankine formula. Fig. 11 gives the results of a 
series of actual experiments on the venturi meter as com 
pared with the caleulated results trom the Rankine formula 
for the flow of steam through orifices. The dotted line cor- 
responds to zero error, the full line to the results obtained 
by the Rankine formula; these results were 4.9 per cent 
greater than indicated by the Rankine formula and the ex- 
periment indicates that the coeflicient 42 employed by Ran 
kine for orifices should be replaced by 40 for the venturi 
tube. For the venturi meter the author modifies the Ran- 
kine formula as follows: 


P.— pr % 
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where W is pounds per second, a, area of the throat in 


W = a,p, 0.03062 
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inch absolute. The formula has been developed the 
laboratories of Sibley College. 
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Journal, vol. 52, no. 5, May 1914, St. Louis, Mo. 

Timber Conservation and Preservation in the United States, 
L. Powell 

New Turbine Pumps of the St. Louis Water Works, L. A. 
Day (abstracted) 

Engineering and Accounting (Discussion). 

New Pumps or tHe Str. Louis Water Works, 
lL. A. Day (13 pp., 4 figs. de). The article describes the 
steam turbines and centrifugal pumps of the St. Louis Water 
Works. Some time ago when the safe working capacity at 
the Chain of Rocks Station in St. Louis had been reached, 
it was decided to replace two 20,000,000 gallon Worthington 
pumps with centrifugal pumps of greater capacity, namely, 
two 40,000,000 cailon pumps. Two such pumps of the re 
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ciprocating type would have cost approximately $230,000, 
the duty in feet pounds of work per thousand pounds of 
steam of the reciprocating type being approximately 150,- 
00,000. Two 40,000,000 gallon turbine centrifugal pumps 
cost $599,000 with an average duty of 94,000,000, while the 
maintenance cost in the first case would be about $780 per 
pump per year and in the second $550. In eapitalizing the 
investment the following formula was derived: 

+-F(itd)4+L4+M=C 

D 
where A is the total number of gallons pumped per year, 
W weight of a gallon of water, // average total head in feet 
pumped against, P cost of steam per 1000 Ib., D average 
duty in foot pounds per 1000 |b. of steam, /° total invest- 
ment, ¢ rate of interest on investment, d rate of depreciation, 
L yearly cost of operating labor, M yearly cost of miseel- 
laneous expenses of operation, C total cost per year. Solv- 
ing for C with both types of pumps, a difference of $13,000 
was obtained in favor of the turbine driven pump, which 
means that in a little more than four years the centrifugal 
pumps will have paid for themselves. Needle ice suspended 
in the river water during the winter and sand throughout 
the year are additional important reasons for installing 
centrifugal pumps. On account of these conditions, a con- 
tract was given for two De Laval 525 h.p. steam turbine 
driven centrifugal pumping units each to have a capacity of 
42,000,000 gallons in 24 hours working, under a total head 


including friction in the suction and discharge pipes of 46 
ft.; a capacity of 40,000,000 gallons under a total head of 
56 ft. and a capacity of 30,000,000 gallons under a total 
head of 63 ft., the 46 and 63 ft. heads being the minimum 
and maximum heads at that station, due to the different 
stages of the river throughout the year. 

Kach pumping unit consists of two single-stage double- 
suction 24 in. volute pumps without diffusion vanes and 
with inpellers of the closed type. The double suction im- 
peller practically eliminates end thrust, but a marine thrust 
bearing is provided at the end of the pump shaft to take 
care of any thrust, which might oceur if for instance some- 
thing should become lodged in one side of the impeller and 
prevent the proper filling of the pump on that side. Al- 
though manganese bronze proved satisfactory, Government 
bronze will be used when the impellers require renewal be- 
cause it can be much better cast than manganese bronze. 
The pump case is horizontally divided through the center of 
the main shaft, and when the pump ease cover is removed 
an examination of all working parts can be made without 
disturbing any of the pipe connections. The only moving 
parts are the shaft and impeller and the only wearing parts 


are the wearing rings, bearings and shaft protecting sleeves 


Pic. 12) Beanincs or THE TURBINE Pumps or THe St. Lovis Water Works 


(Fig. 12). The stufling boxes contain soft packing with a 
hollow skeleton ring in the middle of the packing to which 
clear water under pressure is admitted forming an air 
tight seal and preventing loss of suction. The shaft in the 
stuffing box is protected by a bronze sleeve which forms a 
bearing for the packing and can be easily removed when 
worn or scored, The shaft proper being thus subject to no 
wear. 

The final tests have given the following results: Head, 
53.06 tt.; delivery, 42,900,000; duty, 96,800,000; head, 
55.46 tt.; delivery, 30,040,000; duty, 93,800,000. The im- 
pellers were changed after installation and the following re- 
sults obtained: Head, 58.86 ft.; delivery, 38,480,000; duty, 
104,100,000; head, 62.15 ft.; delivery, 36,458,333; duty, 
101,600,000. 

Answering questions in the discussion which followed, the 
author stated that the best speed at which the pumps should 
run is to a great extent a matter of calculation and it is 
likely that as far as the exact speed is concerned each pump 
would have its own particular characteristic. For instance, 
the design of the wearing ring would affect the capacity of 
the pump and the builders themselves have constants which 
they use and of which they did not inform the purchasers. 
The speed is not changed with the change of head. The me- 
chanical efficiency of the aggregate will run around ninety- 
five per cent over all, vacuum being 27 to 28 in.; at full load, 
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the steam consumption was 15.1 Ib.; at one-half load 16.3 
and at three-quarters load 16.1 Ib. 


AUSTRALASIAN INSTITUTE OF MINING ENGINEERS 
Proceedings, New Series, no. 13, 1911, Melbourne, 


THe ReQUIREMENTS OF Economical WiNpING, J. Arm- 
strong Turnbull (43 pp., 37 figs. p). The paper describes 
the main points for special consideration regarding winding 
engines used in connection with vertical and inclined shafts. 
The article is of a practical nature and on account of lack 
of space only certan few points will be referred to here. 
Head frames are usually constructed of wood, owing to its 
supposed cheapness. Wooden head frames, however, require 
quite a number of extra members; not from a load resist- 
ing point of view, but from the standpoint of mechanical 
construction. As an iron or steel frame can be designed so 
as practically to reduce redundant members to a very small 
degree, often the iron or steel frame is the cheaper of the two, 
besides having a life at least four or six times longer than 
that of wood. The pit-head pulleys should be at least three 
quarters the diameter of the winding drum and, preferably, 
the full diameter of the latter. The losses due to these pul- 
leys are directly proportional to the weight of wheel, its 
load and diameter of journals multiplied by the revolutions 
per wind. Hence, these wheels should be large in diameter, 
and have as small journals as is consistent with strength. 
It is, however, necessary that the total weight of head pul- 
leys should be kept low, for other reasons than frame strains, 
viz., in the case of a heavy pulley where the inertia may 
exceed the rope load, the wheel may continue to revolve 
after the wind is finished and injure the rope. All winding 
shafts should be equipped with cages having the following 
automatic safety appliance: a spring buffer draw-bar, in 
addition to the usual suspension chains and adjusting 
screws; safety catches to grip either wooden, iron or pliable 
slides and automatic stops which cannot be tampered with 
unless the cage is resting on the shaft catches; overwinding 
automatic disengaging hook; and a special set of additional 
catches with adjusting screws placed in the head frame so 
that the cage or skip when in the overwound position will 
just press through them and be not more than 6 in. above 
them when unhooked. The saving of property in the event 
of an accident more than compensates for their initial and 
maintenance costs. The author discusses in detail the con- 
ditions of balancing on the engines and comes to the con- 
clusion that it is very necessary to keep down the size of 
winding rope as this causes the largest amount of unbal- 
ancing effect on winding engines. He discusses further the 
principal methods of balancing winding engines, among 
others the continuous rope systems known as the Koepe and 
Whiting. It appears, however, that the introduction of any 
of these systems of winding acts not so much as a means 
of balancing as a means of reduction of rope abrasion, 
although these systems especially lend themselves to the 
suitable application of the tail rope as a balance. The 
author describes in detail and illustrates the construction of 
winding engine cylinders and the question of their clear- 
ances. The acceleration required in a winding engine is per- 
haps one of the most severe requirements that steam engines 
are ever called upon to meet and to ensure the best operating 
conditions the automatic governor-control cut-off must act 
within the first two revolutions of the winding drums, and 
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it is most important that there be no hesitation on the gov 
ernor’s part in getting up to speed. The author diseusses 
also in considerable detail the brakes used on winding engine 
drums as well as the automatie step motions, and passes on 


to a brief discussion of eleetrie winding engines. 


EIGHTH ANNUAL CONFERENCE OF WEIGHTS AND 
MEASURES 
Washington, D. C., May 1913 (abstracted from manu 
script). 

ScaLE Construction, A. Bousrienp. It is of a great ad 
vantage to weigh freight cars in motion, but to do this well, 
the lever system of the seale must be sufliciently heavy to re 
sist, without undue deflection, the effeets of the moving 
loads and the platform must have perfect freedom of motion 
in both planes and if moved slightly from its normal posi 
tion, must return promptly to position and balanee. The 
suspension or pendulum system of seale construction ap 
pears to be the most accurate that has vet been evolved and 
for weighing loads is superior to old rigid bearing types. 
There are three distinct types of levers used in seale eon- 
struction. The straight line solid lever type is  partieu 
iarly well adapted to track seale work, where great rigidity 
is an all important feature. The straight line trussed lever 
type is well adopted to wagon seales where platforms are 
large and the capacity light. Pipe or torsion levers are 
adopted to scales which are to be applied to hopper and 
charging cars. The principal objection to this type of lever 
is that for heavy capacities the eylindrical portion has to 
be made very large and heavy, in order to resist the com 
bined bending and torsional strains induced by the loading. 
If, however, long fulerums are used and the bending and 
torsional stresses kept low, rigid and accurate seales ean be 
designed and built with pipe levers. In designing seale levers, 
it is necessary not only to consider the safe working stresses 
to which the various materials used may be subjeeted, but 
the deflection of the levers under load must also be eonsid 
ered, as one of the sources of error in a seale is the elasticity 
of the material. Bending and twisting of the lever system 
tends to change the multiplication and produce alterations 
in the state of equilibrium. If the size of importar.t mem- 


- bers is so reduced as to produce excessive stresses, accuracy 


will be materially saerificed when the seale is loaded to full 
capacity. 

Pivots and knife edges may be considered as infinitely 
small rollers, rolling upon their foundation or bearings. 
Kither a perfectly flat bearing or one whose surface is 
formed by a large radius is better than a sharp V_ bearing 
since with the latter an element of friction is introduced. 
In some types of special construction the V bearing is a 
necessary evil. The correct angle for knife edges and 
pivots has never been very definitely determined. The angle 
of 90 deg. gives good results for heavy loads, but for scales 
of light capacities a sharper angle is desirable and for 
scales up to 150 lb. capacity may be 45 deg. The end to 
be aimed at in establishing the correct angle for pivot and 
knife edges is to determine the angle which will enable the 
pivet to support the greatest load with a minimum wear 
under all conditions. There is a general agreement among 
seale designers that the greater the load, the greater should 
be the angle of pivot or knife edge. The bearing pressure 
per lineal inch of knife edge has an important bearing on 
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the enduring accuracy of the mechanism in seales subjected 
to heavy loads in motion. A load of 5000 Ib. per lineal 
inch will be found sufliciently high. The material almost 
universally used for knife edges and bearings of large seales 
is steel. The contact surfaces should be extremely hard 
while the remainder of the strueture should retain tough 
ness and duetility. 

In designing levers for seales which are subjected to 
severe shocks due to the effect of moving loads, an allow- 
anee of 100 per cent for impact should be made. It is poor 
practice to stress the material up to the elastie limit, for 
when this is done, undue deflection is introduced and this 
will probably cause inaccuracies when the seale is loaded 
to full capacity. Before coustruction work is started, cal- 
culations should always be made to determine deflection. — In 
levers for heavy seales it is desirable to have the pivots and 
knife edges reinforced by projections east integral with the 
levers. Where the are of movement is large, it is desirable 
to have the pivots placed on the neutral axis of the section 
to insure an equal distribution of mass about the pivot line. 
There is nothing of greater importance in the manufacture 
of seales than the sealing of the levers and beam. Levers of 
large capacity should be sealed with test weights as heavy 
as it is practical to handle. It is almost impossible to de- 
tect shght discrepancies with light test weights. The noteh- 
ing and marking of the beam is an operation of precision 
and it is almost impossible to manufacture a machine of 
sufficient accuracy to do the work without its finally being 
sealed by a skilled workman. 

In testing grain hopper seales of large capacity. such as 
2000 bushels, the following method of procedure will give 
good results: Suspend a temporary framework from the 
scale platform framing and place 2000 Tb. of test weights on 
each corner successively, testing the beam atter each corner 
has been loaded. When the loading of the last corner has 
heen completed, a load of 8000 Ib. of test weights will be 
placed upon the seale. Then ran grain inte the hopper 
until the full capacity has been reached. Rebalance the 
seale and remove the weights from each corner separately, 
checking each corner respectively as it is unloaded. Grain 
hopper scales work under almost ideal conditions since the 
loads are gradually and steadily applied and removed. 

What is probably the largest and heaviest track seale in 
the world has been recently constructed for the Norfolk and 
Western Railroad. This scale is 68 ft. long and made in 
four sections. 5 ft. 6 in. protective overlap is used at each 
end giving a 57-ft. weighing rail. The main lever stands 
are placed directly upon concrete foundation and all pock- 
eting of piers is eliminated. The scale is built on 0.75 per 
cent grade obtained by the use of grade blocks placed under 
the main girders, the latter being designed as a box chord, 
and made in three sections so as to eliminate the objection- 
able upward reaction of the extreme ends. The main levers 
are cast steel with the load and fulerum pivots 15 in. long 
and with the tip pivets 7 in. long. The multiplication of the 
lever system is 24 at the tip of the extension lever, 200 at 
the tip of the fifth lever and a multiple of 400 at the butt 
of the weighing beam. The main bearings are of the 
suspension type, arranged so as to give perfect freedom 
and also retain perfect alignment with the pivot edges at 
all times and without movement of the lever system. The 
main suspension links, the cross-bars and rockers are of 
cast steel. The maximum stress allowed in the members 


under an assumed load of 100 tons is 6000 Ib. per square 
inch in cast steel, 2000 Ib. in east iron, 8000 Ib. in structural 
steel, all three in tension. These scales have been designed 
for weighing in motion some especially heavy coal ears whieh 
have recently been designed by the Norfolk and Western 
Railroad, 


OHIO SOCIETY OF MECHANICAL, ELECTRICAL AND 

STEAM ENGINEERS 

Journal, vol. 6, no. 2, 1914. Columbus, O. 
The Taylor Stoker Operating under Average Conditions, 

Horace Judd (abstracted ) 
Steam Boilers, Their Construction and Inspection, H. A. 

Jaumbiart 
Centrifugal Boiler Feed Pumps, Edward S. Adams 
Uniflow Steam Engine, James H. Debes 

Tut Taytor Stoker Operating uNper AVERAGE 

TIONS, Horace Judd (paper no. 192, 23 pp., 6 figs. eA). 
Such stoker trials as have been reported have for the most 
part been conducted under favorable conditions with boil 
ers and furnaces often of unusually large size and operated 
under expert guidance, There has frequently been a query 
among power plant men, however, as to whether the stoker 
in units of moderate size and tended by the average fireman 
would give the same favorable showing. The author (assist- 
ant professor of experimental engineering in the Ohio State 
University) during the past year has had an opportunity to 
make a series of evaporative tests with ordinary attendance 
at the boilers, and the boiler equipment working under 
usual commercial conditions. Six of the boiler trials were 
conducted Mareh 1913 on a 250 Babeock & Wileox 
boiler of the cross drum type, forming the boiler equipment 
at the Troy Laundering Company, Columbus, Ohio, and 
three trials were made on a 300 h.p. Flanner boiler of the 
same type at the Power Plant of the Ohio State University, 
Columbus, Ohio. The boilers at both places were equipped 
with three retort Taylor stokers. The coals in the trials 
at the laundry were soft coal from West Virginia, Hock- 
ing and Pittsburg. The flue gases were passed to a Greene 
fuel economizer of the usual manifold construction but of 
unusually large size to give a large storage capacity of hot 
water for laundry use. At the laundry 10 hours is the 
average length of time during which the steam supply is 
needed and this was taken as the duration of the trial with 
readings every fifteen minutes and flue gas analyzed every 
half hour from a continual drawn sample. The results ob 
tained from the trials of the laundry indicate on the whole 
a satisfactory performance for a boiler equipment of the 
smaller size unit when operated under overload conditiens 
with the ordinary care of the average fireman. The stoker 
is easily and rapidly cleaned if the clinkers are not allowed 
to collect to such an extent as to prevent the proper and 
ultimate mixtures of air with the fuel. The ease with which 
the dumping process is managed depends largely upon the 
clinkering properties of the coal. For dump periods rang- 
ing trom two to three hours, the percentage of unburned coal 
passing into the ash-pit averaged 4.36 per cent in seven 
trials. With one hour dump periods, the average unburned 
coal loss was 9 per cent, showing that the unburned coal 
loss varied about inversely as the length of the dump in- 
terval. It appears that sulphur gave the most trouble from 
clinkering and in addition sometimes produced very unpleas- 
ant fumes. The coal feed is uniform and positive and under 
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control through the speed regulator on the fan engine. For 
the different kinds of coal used, the average rates of combus- 
tion are given in Table 3. Close air regulation is also pos- 
sible. During the tests at the laundry, owing to the ex- 
tremely variable load, the draft over the fire showed a wide 
instantaneous variation ranging from a_ pressure slightly 
above zero to as much as 0.05 suction, though the average re- 
sults were fairly uniform. The smoke observations were 
taken with a Ringelmann smoke chart at the heaviest load 
period during each day’s run and showed about the same 
degree of density for each day. The overload capacity and 
efficiency is shown in Table 4 which contains the average 
results for the combined boiler, furnace and grate etliciencies 
at overload capacities for the nine trials. The trials show- 
ing the lowest efficiencies were those when Pittsburg No. 8 
coal was used. This coal gave the most trouble in clinkering 
and also seemed to be a ligher coking coal than the other 


TABLE 3 AVERAGE RATES OF COMBUSTION FOR DIFFERENT 


COALS 
| Lb. per Rev. of Coal per hr. Coal per 
Trial Kind of Coal retort stoker per sq. ft. hr. per 
No. | per rev. | per hr. | grate boiler h.p. 
| 
1 | W. Va. Splint 15.0 | 36.0 39.3 3.78 
2 | W.Va. Splint 16.1 32.8 38.4 3 72 
3 | Hocking 14.8 36.3 39.0 $31 
4 | Hocking 15.8 41.0 47.5 4.73 
5 | Pitts. No. 8 15.9 38.4 44.5 419 
6 Pitts. No. 8 15.9 36.8 42.8 421 
7 | W. Va., Fairmont 
Region 15.8 38.5 35.6 4 06 
8 | W. Va., Fairmont 
| Region 16.6 41.7 | 46.0 3.96 


9 W. Va., Thacker 
| Coal F'ds., wash. 17.3 518 | 56.2 4 36 
| 


two kinds used. ‘The extreme fluctuation in the load of the 
laundry made it ditlicult to regulate the thickness of the fire 
and this faet emphasizes the need of maintaining a boiler 
test for at least ten hours unless the load should remain 
fairly uniform. These results do not give the high efficien- 
cies obtained in trials where the load is carefully regulated, 
flue gas conditions watched and the combustion adjusted 
so as to reduce the furnace losses to a minimum. But even 
in these tests made as far as possible under average operat- 
ing conditions, it appears that a fairly high overall eflicieney 
for the Taylor type of stoker is within reach of the average 
fireman. The tactors chiefly controlling the etlieieney of a 
Taylor stoker at overload capacity appear to be: the size of 
unit, per cent of overload, character of coal, the use of in- 
dieating boiler room appliances, and the intelligence of the 
fireman, the latter being without doubt the factor of most 


importance. 


TABLE 4 OVERLOAD CAPACITY AND EFFICIENCY 


Equiv. Equiv. Efficiency |) Coal per 
Per Evap Evap boiler, hr. per B.t.u Radia- 
Trial Cent per Ib per lb. erate boiler actual tien 
No. Rating actual comb. and h.p. coal ete 
coal burned furnace 
7 126 49 10.75 1 06 121S4 12 78 
3 149 8 03 10.97 11164 5 65 
1 165 7 10.17 173 10570 
6 167 8 24 10.09 4 21 12582 12 93 
2 171 9 2H 11 S6 3 72 2375 1.25 
1 72 9 15 11 02 3.78 12607 7 19 
5 176 8 25 10.17 $19 | 12067 0 75 
167 S 71 3.06 12830 12 48 
9 | 1S6 7 10 11 14 13120 15 
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FOREIGN REVIEW AND REVIEW OF PROCEEDINGS OF 
ENGINEERING SOCIETIES 


ENGINEERING SURVEY 

In the first section, on Fuels and Firing, will be found 
articles on a new type of firedoor designed by the Vulcan 
Shipyards in Germany, as well as a rather peculiar arrange- 
ment for regulating the draft in a chimney or stack by means 
of a wind wheel driven by the upward current in the stack. 
In the next article are described several types of grates de- 
veloped in Russia, mainly for use with anthracite fuel, and a 
new process for manufacturing peat, brought out im the same 
country, and based on a rather interesting observation that 
the moisture contained in certain kinds of peat can be easily 
driven out by mechanieal means, but with other kinds this 
cannot be done. A good fuel can be produced by mixing the 
two kinds of peat. 

Data of tests on high-speed hydraulie forging presses, and 
description of a valve used for regulating the hydrauhie 
pressure in this kind of machinery, are of interest in view 
of the comparatively meagre data available on this subject. 
An article reporting tests on a 15-h.p. Diesel engine contains 
an explanation of the facet that while small engines show a 
decrease of additional frietion with an inerease of lead, large 
engines behave in an exactly opposite manner; the same arti- 
cle establishes also the relation between the temperature of 
cooling water and internal friction in the engine at various 
loads on the engine, and gives data on the maximum tempera- 
tures prevailing in the engine during the combustion part of 
the evele. It is brought out that the maximum temperature 
is found not at maximum load on the engine, but at a cer- 
tain average indicated pressure. 

Particular attention is called this month to the section on 
Machine Shop processes. Guillet and Bernard discuss vari- 
ous methods of producing limited case-hardening; that is, 
preventing certain parts of the surface from becoming ear- 
burized. After discussing the use of copper and nickel de- 
posits on the parts of the surface where carburization is not 
to take place, the authors show that tin, notwithstanding its 
low melting point, can be used to advantage in certain cases. 

In the same section Grebel describes a special type of fur- 
nace for heat treatment of metals heated by coke-gas mixed 
with heavy-oil vapor, the oil not being passed through the 
fuel bed, but vaporized separately. Further will be found 
an extensive abstract of the very interesting account of tests 
made on various kinds of tool steel by Denis, of the French 
Army. 

In other parts of the Foreign Review will be found articles 
on improvements in the design of Parsons turbines, strength 
of cement cubes, power transmission by belt and ropes, ete. 

An interesting paper on boiler superheaters and their per- 
formance is abstracted from the proceedings of the Franklin 
Institute. W. D. Ashton Bost, in a paper before the Institute 
of Marine Engineers, discusses the various uses of wood ¢har- 
coal, and gives data in connection with its use on ships as an 
insulating material on refrigerating apparatus. According 
to figures from Board of Trade reports it would appear that 
the results of fire are less disastrous where wood charcoal is 
used for insulation than where the incombustible silicate cot- 


ton is employed for this purpose. Data on steam regen- 
erators, a piece of apparatus about which there appears still 
to be a good deal of question, are presented in several 
papers before the Engineers’ Society of Western Pennsyl- 
Vania. 

Articles appearing in the Survey are classified as ¢ ¢om- 
parative; d descriptive; e experimental; g general; his- 
torical; m mathematical; p practical; » statistical; ¢ theoret- 
wal. Articles of exceptional merit are rated .1 by the 
reviewer, Opinions expressed are those of the reviewer, not 


of the Socrety 
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Fuels and Firing 

Machine Mave Pear THE Process or Baron Trav- 
BENBERG (Mashinofarmoranniy torf i sposob barona Trau- 
henberga, Protessor K. Blacher, Proceedings of the Pussian 
Imperial Technical Society (in Russian), vol. 48, no. 5, p. 
7, May 1914, 15 Pps 7 figs. d). The author discusses the 
machine method of peat briquette manufacture in general 
and the process of Baron Traubenberg in particular. — The es- 
sential elements of this latter are first, in the operation of peat 
digging, the shifting of the bucket arm so as to make it pos- 
sible to take peat from various depths of the bog separately ; 
and second, the placing of the dredge conveniently with re- 
spect to the bog so as to prevent breakages of the bucket 
arm. The next novelty in the process is based on the fact 
observed by the inventor that it is quite easy to eliminate 
water mechanically from peat taken from the upper part of 
the bog, while it is practically impossible to accomplish this 
with the fat peat lving at the bottom of the bog. He intro- 
duces, therefore, a method of mixing the two kinds of peat, 
having previously mechanically dehydrated the softer peat 
of the upper layers of the bog. The system therefore in- 
volves the use of two conveyors, a rear conveyor and a side 
conveyor, The upper level of the peat is taken by the rear 
conveyor which delivers it to a press for forcing out the 
water; then the peat is mixed right in the machine with the 
heavy peat from the lowest level, taken by the side conveyor. 
It appears that the peat obtained in this manner is mucli 
more stable than one not made of a mixture of the two kinds. 

The author, together with his assistant, engineer Douglas, 
have found the following methods for the determination of 
the stability of peat: they made little peat balls weighing 
50 g and dropped them from a height of 1 m on a glass 
plate. In accordance with the stability of the mass the balls 
spread more or less. The ratio between the two diameters 
of the mass after it has spread, normal to one another, to 
the square of the diameter of the ball expressed the sta- 
bility of the mass in percentages, equivalent to the increase 
in the projection of the mass after it has struck the glass. 
A table given in the report shows interesting figures where 
the projection of the ball inereased from 33 to 227 per cent. 
As regards the properties of the briquettes made by this 
process, it may be considered to be established (statement 
of the author) that such briquettes are more regular, less 
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lable to erack, and when they do erack, form regular and 
uniformly distributed lines. The author describes an exten- 
sive test made by this process in Russia. 


NOVELTIES IN SOLID FueL Firing PLants (Neuerungen 
an Feuerungsanlagen fiir feste Brennstoffe, Pradel, Feuer- 
ungstechnik, vol. 2, no. 16, p. 273, May 15, 1914, 4 pp., 10 
d). 


posed for use in firing with solid fuels. 


figs. The article deseribes various new inventions pro- 
Among other things 
Fig. A shows a device for cooling the furnace front, patented 


in Germany by the Vulkan Shipyard Company. This de- 
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NoveL APPLIANCES FOR FIRING Souip Fvuets 


vice permits very effective cooling of surfaces forming the 
parts of the frame which are particularly exposed to the 
heat of the furnace, by means of a stream of air regulated by 
a special distributor. The parts which are especially in dan- 
ger of being affected by the heat are built-in in the firedoor 
frame as separate pieces, so that they can be taken out and 
put in again by a simple manipulation of a few bolts with- 
out the necessity of pulling down the entire firedoor in- 
stallation. As shown in Fig. 1A, the removable part b is 
connected with the fire-door frame a by an anchor bolt c. 
The cooling is done by means of a compressed air stream 
zoing from the Howden draft through the regulating valves 
d which are connected with the firedoor by a lever device, 
and, according to their setting, provide a more or less effee- 
tive cooling of the removable pieces b. From the latter the 
preheated air flows through the openings in the frame a to 
the combustion The weight g is connected by 
means of a knee-lever and an adjustable intermediate piece 
with the lever f whieh may be shifted in its bearings and 
which in its turn moves the forked-shaped lever e and there- 
by determines the position of the valve d. This valve in its 
turn opens in such a manner as to permit the flow of the 
incoming cooling air on the exchangeable part d of the 
frame a. When the firedoor is opened the valve d is closed. 

The same article describes the peculiar arrangement for 
the regulation of draft in a smokestack, patented in Germany 
by E. Hartz. It consists of a centrifugal governor located 
in the smokestack and more or less closing the free opening 
of the latter. This governor is regulated by means of a wind- 
wheel, driven by the smokestack draft. Fig. B shows one 
of the possible designs of this governor, consisting essen- 


chamber. 
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tially of the windwheel b built-in in the smokestack a and 
the governor ¢ sitting on the shaft of the windwheel. Blades 
of the windwheel are rotatable about their horizontal longi- 
tudinal axis running in the journals d, and rotate with the 
speed corresponding to the existing draft in such a manner 
that the opening of the smokestack is closed more or less. 
This rotation is regulated from the governor ¢ through the 
spindle e, set on the governor sleeve and connected with the 
When 


the draft in the smokestack is at its maximum, the governor 


blades of the windwheel through the gear segments f. 


arms are at their maximum, the angle of rotation and the 
blades of the windwheel are so far thrown out around their 
longitudinal axis by the gear e f that the opening of the 
smokestack is entirely closed. This cuts out the draft and 
causes the arms of the governor to sink down which again 
the 
order to adjust the governor to a certain draft capacity from 


causes the blades of windwheel to open fanwise. In 
the outside an endless valve repe h is provided, starting 
from the furnace and going over the rollers g to the gov 
ernor. This rope is provided with a guide piece i with the 
slot s in which moves the axis of the roller k with the weight 
hanging on to it. The roller runs along the lever m= sup 
ported on bearings / and connected on to the governor sleeve. 
By pulling on the rope # in either direction, the weight is 
disposed of so as to bear on the lever m and the governor 


may be brought into any desired position of adjustment. 


FIRING OF COAL AND ANTHRACITE, AND UTILIZATION OF 


Tuemr Hear tuk Borer Room (Verbrennung von Stein- 
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Fic. 2. IpDELSON AND PawLowsk!t GRaTES FOR ANTHRACITE 

kohlen und Anthrazit und Verwertung ihrer Wirme im Kes- 
selhause, Professor Kirsch, Feuerungstechnik, vol. 2, no. 18, 
p. 308, June 15, 1914 (and following). de). The article 
describes the properties of Russian anthracite coals and the 
various methods of utilization of their heat in 


rooms. 


the boiler 
It goes into considerable detail as regards the con- 
struction of grates used with anthracite fuel and describes 
the Kudlitz, Meldrum, Wilton and other types. The follow- 
ing are the constructions developed especially in Russia; the 
Idelson grate (Fig. 2A). Contrary to the Wilton grate, it 
has a level surface which, in order to make the installation 
easier, is so built that it can be removed. The construction, 
however, is more complicated and permits the flow of air to 
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easily cool the fire owing to lack of metallie contact be- 
tween air and the grate bodies. A simpler and more dura- 
ble construction is that proposed by Pawlowsky, shown in 
Fig. B. The single members are considerably wider than 
either in the Wilton or Idelson grate (about 8 in). The 
grate is also level and the openings are in the form of slots. 
The single members are set on top of the connecting belts, 
just as is in the more recent designs of the Wilton grate. 
Tests made by the author have shown that an uninter- 
rupted delivery of coal does not produce any improvement 
in the combustion process, but he still finds it preferable to 
use mechanical stoking where large amounts of anthracite 
are burned per unit of time as it produces a decrease in the 


manual labor which must not be left out of consideration. 
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25, p. 1043, June 18, 1914, 4 pp., 15 figs. de). In order 
to reduce the resistance occurring in the admission of the 
pressure water, as well as the concomitant fall of pressure, 
the J. Banning Company of Hamm in Germany has designed 
the special valve shown in Fig. 3A. One can see at once the 
advantageous path of water on account of the inelined posi- 
tion of the valve and because of the fact that the valve opens 
directly into the large water space of the pressure cylinder. 
The valves are also easily accessible; a valve like that shown 
in Fig. A has been used on forging presses with capacities 
up to 1000 tons (metric, equal to 1100 short tons). 

A clear conception of the internal relations in a hydraulie 
press during the no-load stroke can be obtained by means of 
indicator diagrams. Figs. B to D show the indicator dia- 
vrams taken during the downward stroke of the plunger of 
a high-speed hydraulic forging press, used on the Italian 
State Railways. The water end pressure in the tank, at the 
time the diagram B was taken, was 0.9 atmospheres gage. 
The time which the plunger required for the no-load stroke 
of 0.53 m (1.69 ft) was 1.0 sec., measured by a stop-wateh, 
this making the average downward velocity of the press 
plunger 0.53 m (1.69 ft.) per see. On aceount of the hy- 
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Fic. 3) Sreep Hypraviic Forging Press Vatve INpicaror DraGRraMs 


All the above described grates can be easily provided with 
such a mechanical stoking, which, with anthracite firing spe- 
clally, has a further advantage that it does not permit very 
large lumps of coal to fall on the grate, the use of small 
pieces improving the process of combustion in all the above 
grates. These were provided with very simple steam jet ap- 
paratus, consisting of an air nozzle with a steam nozzle built 
in. Regulation of such an apparatus is easily effected by 
varying the steam pressure by means of a throttle valve. It 
is advisable to provide this kind of apparatus with a mano- 
meter so as to lighten the work of the fireman and to show 
that he does not spend too much steam on the blast. It is 
also advisable to have some simple pressure measuring de- 
vice connected at one end with the ash-pan and the other 
with the fire-room. This simple and cheap apparatus will 
permit one to get an idea of the uniformity of the fuel bed, 
the degree of cleanliness of the grate and the stresses oecur- 
ring in the latter (the original article is not finished). 


Hydraulics 


On Water ApMission SreerInc Gear ror Hicu Spreep 
FORGING PRESSES AND THEIR LNVESTIGATION BY MEANS OF 
No Loap Diacrams (Uber Vorfillsteuerungen fiir Schnell- 
schmiedepressen und ihre Untersuchung durch Pressenleer- 
laufdiagramme, Adolf Kreuser, Stahl und Eisen, vol. 34, no. 


draulie pressure, the plunger was receiving throughout its 
path an additional acceleration. Previous to taking dia- 
gram ©, the water pressure in the tank was reduced by blow- 
ing off part of the compressed air and as diagram C shows, 
the water pressure was producing an acceleration on the 
plunger during its nearly entire no-load stroke. The hy- 
draulic end pressure in the press cylinder was just equal to 
atmospheric pressure so that shortly before the end of the 
stroke, the water did not affect the motion of the plunger 
any more. Previous to taking diagram D, the water pres- 
sure in the tank was still further reduced, and the hydraulie 
pressure produced an acceleration of the plunger motion 
only at the beginning; after the plunger had traveled 
through part of its stroke, the water pressure in the cylinder 
fell below the atmospheric, and the plunger carried the water 
with it by suction, just as in a suction pump. Here also, 
however, the process in the press cylinder occurred without 
shocks, as the water column was not broken, and the eylin- 
der was full of water at all positions of the plunger. The 
average downward velocity of the press plunger was in this 
ease 0.44 m (1.44 ft.) per see. 

The diagrams E, F, and G have been taken from a steam 
hydraulie high speed forging press, used in the central shops 
of the Royal Railroads at Meiningen. At the same time 
when these diagrams were taken, special indicators were used 
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to indicate the various spaces influenced by the no-load 
stroke, namely, in Fig. E, the press eylinders, in Fig. F, 
the upper steam return space and in Fig. G, the lower steam 
return space. The diagrams indicate the increase and de- 
crease of forces during the no-load run, produced by causing 
shorter or longer strokes to follow one another. Of partie- 
ular interest in this case, is the variation of steam pressure 
in the lower steam space. The steam consumption for the 
no-load stroke in the present case is very small because the 
live steam admitted to the lower steam space during the 
working stroke has in every instance found non-consumed 
steam of about the same pressure still there. Figs. H and 
KX show no-load stroke diagrams for the upward and down- 
ward strokes of the press plunger of a steam-hydraulie high 
speed forging press when the most rapid reversal by hand 
operated lever was used. The press is of the same construc- 
tion as that to which refer the diagrams E, F and G. The 
author discusses further the frictional resistances in the press 
plunger action. In addition to the forces shown by these 
indicator diagrams, the press plunger has to overcome also 
frictional resistance, which can in the case of a slow motion 
of a plunger be analytically determined from the indicator 
diagrams. The author shows how this resistance can be ob- 
tained from the diagram H. The frictional resistan-e has a 
certain importance on the motion of the plunger and there- 
tore must be reduced as much as possible. 


THe TURBINE PLANT OF THE GUNTHER AND RICHTER PAPER 
MANUFACTURE IN WERNSDORF (SAXONY) BUILT BY ESCHER, 
Wyss anp Co. oF RavenspurG (Die Turbinenanlage der 
Papierfabrik von Giinther and Richter in Wernsdorf (Sach- 
sen), erbaut von Escher, Wyss & Cie. in Ravensburg, Fr. 
Freytag. Zeits. des Vereines deutscher Ingenieure, vol. 58, 
no. 26, p. 1033, June 27, 1914 (and following), d). The 
article describes the turbine plant of the paper mill of 
Gunther & Richter in Weinsdorf (Germany). The new in- 
stallation of the water turbines was put in in 1912, when sev- 
eral plants, formerly separate, were united in order to make 
their operation more efficient and economical. There was 
formerly a set consisting of one Girard turbine and one 
Francis turbine with vertical shafts which with a 5 m. head 
(16.4 ft.) could deliver at most 200 h.p. The new installa- 
tion is calculated to deliver up to 1500 h.p. The installation 
was especially difficult to design owing to the water-power 
plant and mill where the power is used being pretty well 
apart and through the fact that while twin turbines with 
horizontal shafts had to be selected, a variable water level 
required the division of the power plant into three groups. 
It was therefore decided to put up the turbines with a high 
suction upper water level (Escher, Wyss and Co. system) 
and to connect them direct onto the shaft of the polishing 
plant. The middle line of the shaft hes 440 mm (17.3 in.) 
above the normal upper water level. The runners have an en- 
tering diameter of only 600 mm (23.6 in.) and the lower edge 
of the runner is at least 140 mm (5.5 in.) over the upper 
level of the water. The turbines (three Francis twin type) 
of equal dimensions are directly connected to two horizontal 
shafts. Their runners have a speed of 237 r.p.m. They all 
have rotatable blades with automatic regulation and hand 
regulation. The water comes onto the distributors from be- 
low and each turbine is covered over by a cast iron hori- 
zontally divided are-shaped cover whereby a reliable air- 
tight water chamber and convenient flow of water is ob- 
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tained. In the case of material repairs, these covers may 
be easily lifted off, in which case the entire turbine is fully 
accessible from the machine shop. 


Internal-Combustion Engines 


Tests oF A 15 H.P. MAN Diesen ENGIne (Untersuchun- 
gen an einem 15 pferdigen MAN-Dieselmotor, F. Miinzinger, 
Zeits, des Vereines deutscher Ingenicure, vol. 58, no. 26, p. 
1049, June 27, 1914, 7's pp., 24 figs. e). The article de- 
scribes tests on a vertical Diesel engine built by the Augs- 
burg-Niirnberg Works (the tests were performed in the me- 
chanical laboratory of the Berlin Technical High Sehool). 
The engine was rated at 15 h.p., has a working evlinder 215 
mm (8.4 in.) in diameter and 340 mm (13.5 in.) stroke and 
compressor cylinder, in two stages, 100 mm (3.9 in.) stroke 
running at from 230 to 240 rp.m. The load on the engine 
was put on by means of a Prony brake of special construe- 
tion, while the diagrams have been taken by a Mathak indi- 
‘ator of convenient design and properly calibrated. 

One of the questions in the construction of gas engines 
which cannot be as yet considered to have been cleared up 
is whether the friction work of an engine increases or de- 
creases with increasing load; that is, whether the supple- 
mentary friction of an engine is positive, constant or nega- 
tive. To determine this, two series of tests with variable 
load and variable temperature of cooling water were under- 
taken. Fig. 4A indicates clearly the great intluence of the 
temperature of cooling water on the amount of friction work, 
If two parallel lines be drawn through the no-load points ot 
the two tests at 45 deg. to the horizontal, then the horizontal 
distance between these two curves and the curves passed 
through the points obtained by actual tests, will indicate the 
magnitude of the additional friction in both series of tests. 
The additional friction decreases with the inerease of load. 
In order, however, to establish whether the decrease of the 
additional friction with the inerease of load is peeuliar only 
to the engine tested or common to all Diesel engines, the 
author calculated results for other sizes upon which data are 
available. His curves show that when the load on an en- 
gine increases, there sometimes occurs an increase and at 
other times a decrease in the work of friction, but a cer- 
tain law can be seen to cover this variation when the size 
of the engine is taken into consideration, since it appears 
that with an increase of load the small engines show a de- 
crease of additional friction while the large engines show an 
increase. The main reason why the additional friction would 
decrease with increasing load is to be looked for in the de- 
crease of piston friction. The plunger piston of a Diesel en- 
gine is usually turned in such a manner that its lower end 
directed towards the external atmosphere has a slighier angle 
of ineline than the upper end. When the load inereases the 
temperature of the wall, along which the evlinder runs, in- 
creases also and as a result the evlinder expands more than 
the piston and this permits an increase of play between the 
piston and cylinder. Of course the diameter of the piston 
increases also under these conditions, but since the piston 
in the part directed towards the combustion space is nar- 
rower than the cylinder bore, even at a maximum load, no 
jamming between the piston and guide ean occur; the expan- 
sion of the lower part of the piston will always be less than 
that of the surfaces of the eylinder. In addition to the fa- 
vorable action of the increase of piston play on the redue- 
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tion of friction, the inereased lubricating effect of the lubri- 
cating oil, due to the higher temperature of the cylinder 
walls, also acts towards reducing friction. This explanation 
of the decrease of additional friction with inerease of load is 
supported by the great influence of the temperature of cool- 
ing water on friction losses shown by the present tests. The 
rise of the average temperature of the cooling water in the 
jacket of the evlinder increases the play between piston and 
evlinder in the same manner as the inerease in temperature 
of the evlinder which is produced by an imereased transmis 
sion of heat from the gas mixture to the cooling water. This 
does not vet answer the question why in larger engines the 
frietion inereases with inerease of load. It appears, how- 
ever, that from a certain evlinder diameter on different con- 
ditions come into play, viz. the variation of expansion of 
piston and evlinder play smaller parts and at higher load 


the smaller piston triction is more than compensated by the 
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Fic. 4 Tests or 15 Enoine, (A) Retation BeTween 


increase of trietion in the bearings, ete. The present tests 
do not, however, give a complete answer as to this fact. 

The author proceeds to establish, largely by graphical 
methods, the “ heat balance” of the engine. He finds that 
the indicated theoretical efficiency of the Diesel engine proe- 
ess increases with the decrease of load owing to the rise of 
the expansion ratio. The thermal efliciency of the theoreti- 
cal evele was found by calculating the end compression pres- 
sure and by assuming that the heat was brought in at that 
particular pressure. Then the compression and expansion 
lines were plotted by assuming for the temperatures corre- 
sponding to various positions of the piston, the values cal- 
culated from the usual formula which takes into account the 
variation for the exponent for various temperatures. 

It is particularly important to know how the temperature 
varies during combustion and expansion and what the max- 
imum temperatures obtained in the engine are. While this 
latter could not be calculated with absolute certainty, the 
possible errors are so small that the data can be fully used 
for all practical purposes. Fig. B shows that the maximum 
temperature in the engine does not exceed 1500 to 1550 deg. 
cent. (2732 to 2822 deg. fahr.) and that the highest tempera- 
tures occur not at the highest load on the engine, but at an 
average indicated pressure of about 7.4 atmospheres. From 


there, the upper part of the temperature curve becomes gen- 
erally flatter and remains in the neighborhood of 1500 deg. 
cent. (2732 deg. fahr.). 
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Machine Shop 

LIMITATIONS OF CASE-HARDENING AND Dirrusion THROUGH 
Souips (Les réserves en cémentation et la diffusion dans les 
solides, L. Guillet and Vietor Bernard. Bulletin de la So- 
ciété @Encouragement pour Vindustrie nationale, vol. 121, 
no. 5, p. 588, May 1914, 30 pp., 32 figs. pe). The article 
discusses methods of carburizing by which certain sections 
of the surface can be left untreated and also takes up the 
subject of the diffusion of metals through solids. As _ re- 
vards the first. the author calls attention to the usual methods 
of protecting the surface of case-hardened articles in_ the 
parts where no carburization is desired. This may be done 
nv either of three methods, that is (1) covering the parts to be 
protected by some refractory material, (2) “ piping,” and 
(3) ease-hardening the entire surtace and then cutting off a 
certain thickness on the parts where no case-hardening is 
desired, such parts having previously been made somewhat 
thicker so as to compensate for the material removed in the 
later process. The method which appears te be most con- 
venient for general purposes is that of covering the parts to 
be protected by a layer of some metal which will prevent 
carburization. Sueh a metal must satisfy the following con- 


ditions: (1) It must be solid at the temperature of the oper- 


20 40 00 100 
POSITION OF PISTON, PER CENT 


Friction anno Loap, (B) Temperatures OccuRRING IN THE CYLINDER 


ation as otherwise it would flow and leave the surface un- 
protected; (2) it must not allow the passage of the sub- 
stances which produce carburization, and (3) it must be 
easy to apply under shop conditions and, atter carburiza 
tion, if necessary, must be easy to remove. So far there are 
two metals which ean be generally considered, copper and 
nickel, but the author has made some experiments with tin 
which appears to be also applicable in this connection not- 
withstanding its low melting point. There are several meth- 
ods of laying copper over iron. The immersion of the article 
into a solution of copper salts or the painting of the parts 
of the surtace by such a solution appears to be at first sigit 
very attractive on account of its simplicity, but no good re- 
sults could be obtained in this way partly owing to the very 
slight thickness of the metal layer and partly because of 
its irregular structure and lack of unity and adherence. <A 
far more reliable method is electrolysis. The authors tried 
to determine the minimum thickness necessary and sutticient 
for an absolute protection of iron against carburization 
under conditions prevailing in the case-hardening process, 
these conditions being established by the thickness of the 
carburized layer obtained in the parts not protected by cop- 
per. These results will be reported below. The third method 
of coppering an iron surface was by the Schoop process 
of metalization which as compared with the electrolytie de- 
posit gives an irregular grain-like laver and unlike the other 
does not admit of a sufliciently precise measurement of 
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TABLE 1 RELATION BETWEEN THICKNESS OF PROTECTING 
LAYER OF COPPER, AND AMOUNT OF PROTECTION AFFORDED 


Thickness of Thickness of 


Temperature of Carbonization in the Protecting Carbonization of 
Case-Hardening, Not Protected Layer of Copper Protected Parts 
Deg. Cent. Parts, mm. (1/100 of mm.) 


1000 1.0 to 1.1 1 to 2 slight 

1000 1.0 to 1.1 2 to 3 absolutely none 
1000 1.8 to 1 1 to 2 considerable 
1000 1.8 to 2 3 to 4 absolutely none 
850 1.0 to 1.1 1 to 2 absolutely none 


thickness, On the other hand, however, the metalization 
process permits obtaining with great rapidity a fairly thick 
layer and therefore does not essentially require a knowledge 
of the minimum sufticient thickness of layer. In the ease 


Fic. 5 Microcrapn or a Piece Part_y Prorecrep Case-HARDENING BY 
A Layer or Tin 


of electrolytic deposition of copper, the measurement has 
been effected in 1-100ths of a mm. ‘The electrolysis was 
obtained in a eyanide bath and the carburization made from 
a mixture of 60 parts by weight of charcoal and 40 parts of 
barium carbonate. Results obtained are shown in Table 1, 
which indicates that the thickness of the deposit necessary 
for the protection of the iron against case-hardening is a 
function of the temperature and duration of the carburiza- 
tion process. 

The nickeling of iron can so far be done only by elec- 
trolysis as pulverization methods have not yet been applied 
to this metal. Tests similar to those on copper have been 
made also for nickel deposited from a double electrolyte of 
sulphate of nickel and ammonium. It appears, however, 
that contrary to the ease of copper, nickel is not a good 
protective agent and only delays the carburization to a cer- 
tain extent, which shows that it is permeable to carbon 
monoxide. 

Tests have been also made with protecting iron by a layer 
of tin whieh is of interest on account of the great sim- 
plicity of the application of this metal, and it appears that 
notwithstanding its low melting point it gives very good 
protection. Its use is, however, limited to plain surfaces 
which can be maintained horizontally during the earburiza- 
tion. Otherwise, it gives a very regular protection or none 
at all. In addition the edge of the piece appears to be 
strongly altered (Fig. 5). The above shows that practi- 
cally copper alone gives the solution of the problem of pro- 
teeting iron against case-hardening by means of a metallic 
deposit. As regards the best method of applying this de- 
posit, the Schoop process is extremely simple, but unless it 
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is used in the same shop for other purposes, may prove too 
costly on account of the large cost of installation and roy- 
alties paid. The electrolytic process is cheap to install, 
practically automatic in operation, consumes very little eop- 
per, but is inferior to the-Schoop process from the point 
of view of localization of deposits. The second part of the 
article is devoted to discussion of the diffusion of metals 
through solids. 


FurNaces ror Hear TrearMent OF Merats RUNNING ON 
Propucer Gas Enricnep py Heavy Ow (fours pour 
traitement thermique des métaur, chauffés au gaz de gaso- 
gene enrichi @ Uhuile lourde, A. Grebel, Le Génie Civil, vol. 
65, no. 7 and 8, pp. 136 and 160, June 13 and 20, 1914, 5 pp.. 
9 figs. dge). The article describes in detail the use of pro- 
ducer gas enriched by tar-oil for heat treatment of metals 
and in particular the furnace and methods used by the 
French concern, “ Air et Feu™ (Air and Fire). The Air 
and Fire system furnace shown in Fig. 6A and B comprises 
as its essential parts, gas producer .1, carburetor B, the com- 
bustion chamber C and heat reeuperator D. When the op 
erations are such that the doors have to be frequently opened 
as, for example, in forging, stamping and tempering, the 
combustion chamber is placed on an elevation so as to ere 
ate a slight pressure of the gases in combustion. In the 
furnaces designed for long operations with the doors closed 
air tight, the design shown in Fig. © to E, with all parts 
very nearly in one plane, is preferable. Fig. F shows how 
the oil is brought to the carburetor B and how it is used for 
igniting the producer gas in the mixing chamber every time 
such an ignition is desired. The blast used permits obtain- 
ing intensive gasification as well as short and constantly hot 
flame, but on the other hand does not permit obtaining reg- 
ular and uniform temperatures in an enclosed space, and as 
a consequence it does not guarantee in any way a uniformity 
in the combustion of the flue gases and their content of free 
oxygen as required in many heat treatments of metals. 
When the blast is used, therefore, either a complicated sys- 
tem of blowing or the most strict supervision of the regula- 
tion of combustion or both have to be maintained. To ob- 
viate this diftieulty, the author, under whose patents the Air 
and Fire system furnaces have been designed, has under- 
taken to have his furnaces work at low drafts; for furnaces 
of average commercial size and larger, it appearec rational 
to adopt the independent type of gas producers, built in one 
unit with the combustion chamber and heat recuperator so 
as to reduce radiation losses and utilize to the maximum ex- 
tent the latent heat of gases coming from the producer. To 
build and operate special producers for rich gases from fuel 
containing large amounts of volatile matter is expensive, 
while coke gas producers with a slow rate of production and 
simple grates are very easy to build and operate. Gas coke 
which is light and brittle, is not used for metallurgical pur- 
poses or for small furnaces with direct flame when it is de- 
sired to obtain a high temperature. It is, however, quite con- 
venient for use in gas producers with low draft and, on ae- 
count of its low price, very desirable for use in heat treating 
furnaces, if it can be used conveniently, which as the author 
claims, can be done in the furnace described in the present 
article. The quantity of water introduced into the producer 
is controlled by means of regulator a of a construction anal- 
ogous to that of the oil regulator b, shown in Fig: F, and 
the construction of which will be explained in more detail 
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below. This is done because the amount of water admitted 
to the producer has to vary in accordance with the rate of 
output of the latter. In order not to cool the producer fur- 
nace too much while it runs at low rate of output, the amount 
ot water admitted must be then extremely small, while, when 
large producers are working at full rate, up to one Ib. of 
water per Ib. of coke can be admitted. 

This statement of the author is of importance because of 
the opinion expressed by certain designers of producer fur 
naces who, without denying that the amount of liydrogen in 
the producer is of advantage trom the point of view of the 
amounts of heat utilized in the combustion chamber, state 
that the products of combustion must not affect the articles 
submitted to the heat treatment, and that if the combustion 
has been perfect and correct, without an excess of air, they 
must in addition to mitrogen contain only carbon dioxide and 
steam; that further, the latter tends to decompose when in 


contact with hot metal and to oxidize it. From these correct 
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premises, they make a wrong conclusion, namely, that the 
amount of water admitted into the producer must be reduced 
to as low a limit as possible. What may be called neutral 
combustion, that is, one producing neither carburation nor 
oxidation, with the the 


autogenous welding where the temperature of the flame is 


Varies circumstances. In case of 
in excess of 2000 deg. cent. (3632 deg. tahr.) and the prod- 
uets of combustion are not diluted by nitrogen, the earbura- 
tien Is sometimes to be expected while oxidation is practi- 
cally imminent, and is all the more to be feared as it com- 
promises the results of the operation. But it is easy to es- 
tablish by calculation and verify by direct tests that in the 
products of a pertect combustion of a mixed-coke-gas con- 
taining, for example, 13 per cent of hydrogen and only 22 
per cent of carbon monoxide, the steam contents do not ex- 
ceed 9 per cent, so that, at the usual low temperatures below 
1500 deg. cent. (2732 deg. fahr.), such as oceur in furnaces 
under consideration in the present case, there is much less 
danger of oxidation when mixed-coke-gas is used than when 
water gas or especially coal gas is used, and, further, the 
furnace makes it 
as desired; on the other 


system of regulation used in the present 
possible to admit as little water 
hand, even when a liter of water is admitted per kg. of coke, 
all the water is certainly vaporized before it reaches the grate 
through the intense radiation directed towards the stationary 
trough which is located within the door and where the water 
arrives first. With mixed coke producer gas having a hydro- 
gen content of approximately 12 to 15 per cent escaping hot 
from the producer and burned with not-blown secondary air, 


heated previously by the flue gases, the temperature of 1450 


Aim anv Fire Company's Furnace ror Heat-TREATMENT 
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deg. tahr. (2642 deg. cent.) may be considered as an abso- 
lute maximum even in small furnaces. 

In order to obtain higher temperatures one must have 
recourse to the use of richer fuels, preferably tuels com- 


paratively poor in hydrogen. Neither acetylene nor gaso- 
line vapor nor even coal gas can be considered in this con- 
nection owing to their high prices and only less refined prod- 
ucts such as heavy tar-oils (which have already been sue- 
cessfully used in special furnaces) can be considered for this 
purpose at a comparatively low price. They have an aver- 
upper limit 9450 eal. (17010 B.t.u. per Ib.), 
and lower limit 9050 eal. (16290 B.t.u. per Ib.). Notwith- 


standing the great difference in the initial price of 1000 heat 


age heat value: 


units as gas coke or heavy oil, the heavy oil furnaces could 
stand comparison with the coke producer gas furnaces for 
small units intermittently used when developing a high tem- 
perature. 


Whereas in certain kinds of burners provided with a pro- 


or Merats 


ducer or “ boiler,” the oil is simply gasified, in the present 
design the carbureter B, Figs. C and F, has been placed in 
the region of the gas flue where the temperature of the oil 
does not exceed 360 deg. cent. (680 deg. fahr.). In this way, 
the total vaporization of the oil may be seeured and at the 
same time “cracking” is avoided. The temperature of the 
gas coming out from the producer has been somewhat re- 
duced in order to have in the combustion chamber a gas free 
from dust; still, the temperature is too high to let the gas 
flow over the surface of the oil. The current of the gas car- 
The surface of 
vaporization in the boiler B has a horizontal section, decreas 
ing with consumption of the oil. 


ries, however, vapors as they are formed, 


The oil vapors, not pre- 
viously denatured by heat, become diluted in the mixed gas 
of the producer, and thereby particularly susceptible to eater 
into an intimate mixture with the air of combustion. In this 
way, the gas is made richer without there occurring a trans- 
formation of the carburizing material, contrary to what hap- 
pens in the case of gas producers, where tar or heavy oils are 
injected over the coke bed or ineandeseent refractory ma- 
terials. 

Combustion Chamber. Although the diffusion of the very 
heavy vapors of the coal-tar oil through poor gas facilitates 
their complete combustion, the question of the quality 
of the flame still remains very delicate. The burners have 
been designed in such a manner as not to create any local- 
ized combustion and exaggerate the parallelism of the eur- 
rents of gas and air. It was found that contrary to what has 
been stated in certain books of theory, it is not necessary, in 
order to obtain a uniform temperature, to extend the length 
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of the flame so that “ the combustion should occur outside of 
the furnace.” If this is done, the best temperature of the 
flame is lowered owing to the retardation of the combustion 
and, in addition, reducing and oxidizing streamlets of gas 
and air are created, producing an undesirable influence on 
the heat treatment process. When the thermal potential of 
the gases of combustion is sufticiently above the temperature 
at which the heat is utilized, the exchange of heat is more 
rapid and the heating of the heat-treated pieces can be ear- 
ried on with a quiet flame; the calorie efficiency is better than 
in the case when the velocity of cireulation of the flames is 
intensified, and further, the heating atmosphere is more ho- 
mogeneous. In heat treating furnaces, it is therefore im- 
portant to select in a judicious manner the length of the 
flames, disposition of the burners and the outlets for the 
flames. As regards the recuperation of the heat, only a sim- 
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ple recuperation in the secondary air of combustion has been 
utilized. 

The recuperation on the primary air which theoretically 
would be of peculiar interest for furnaces operating at a nor- 
mal temperature in excess of 1500 deg. cent. (2732 deg. 
fahr.) leads to complications and to losses in recuperators, 
larger than the saving due to the large losses of recupera- 
tors by radiation, besides making the conservation of the 
producer grates difficult, and the regulation and maintenance 
of operation of the furnace, more delicate. It is hardly pos- 
sible to recuperate any heat from the gas which comes out 
hot from the producer and is searcely cooled at all in the 
dust cleaning flue. In Fig. A and D, it will be noticed that 
the recuperator D is considerably larger than in the furnaces, 
the surface of which is too much restricted. Last year a 
number of tests on a horizontal type of furnace of the above 
described design heated by coke exclusively or coke and 
heavy oil together, were made by J. Conor, a gentleman ap- 
parently connected with the Air and Fire concern. In order 
to obtain comparable results, the combustion chamber of the 
furnace was kept closed and filled with refractory materials, 
and the same conditions were maintained in the other coke 
gas or oil furnaces, which were placed in parallel with the 
Air and Fire Company’s unit. 

The article describes in detail the measurements taken and 
instruments used for that purpose. The proportion of the 
heavy oil in ease of mixed-combustion varied about two 
liters per ten kg. of coke which represented the ratio of ap- 
proximately 23.5 per cent of the total number of heat units 
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consumed, The curves in Fig. G represent normal tempera- 
tures as a function of the number of calories expended dur- 
ing 24 hr. (all the tests were reduced to a 24 hr. unit). This 
number was calculated by assuming 6400 eal. per kg. (11,520 
B.t.u. per Ib.) as the upper heat value of coke and 9900 eal. 
as the upper heat value of a liter of oil (density 1.06, upper 
heat value per kg., 9425 = 16,965 B.t.u. per Ib.). It may be 
stated that at from 900 to 1300 deg. cent. (1652 to 2372 deg. 
fahr.), the normal temperatures have been found to be sub- 
stantially proportional to the expense in calories per 24 hr., 
whether from gasified coke, or from gasified coke and vapor- 
ized oil. From 1300 deg. cent. (2372 deg. falr.) up, the ner- 
mal temperatures with poor gas from coke producers only, 
increase less and less rapidly and tend towards an asymp- 
tote at about 1450 dee. cent. (2642 deg. tahr.). from 1300 
deg. to 1475 deg. cent. (2372 to 2687 deg. fahr.), approxi- 
mately, when mixed, firing is used with 100 kg. of coke per 
20 1. of oil (764 per cent of coke-calories, and 23.6 per cent 
of oil-ealories), the normal temperatures continued to rise 
in proportion to the expenditure in heat units, and tend rap- 
idly towards an absolute maximum which may be estimated 
to be about 1650 deg. cent. (3002 deg. fahr.). To exceed 
this temperature, the carburation of the oil would have to 
be toreed, and it alone could give a much higher tempera- 
ture under similar conditions of heat recuperation without 
* cracking.” all other conditions being equal. It appears, 
therefore, that in a given furnace, the number of calories 
eirewating in the combustion chamber cannot be increased 
indefinitely and a limit is laid on aecount of the resistances 
opposing the movements of the gas and combustible vapors, 
air of combustion and flue gases. On the other hand, it is 
not wise to increase the proportion of the oil Vapor too mueli 
in the mixed-gas, especially at low temperatures with small 
dratts, since owing to insuflicient dilution, it is diflieult te 
burn heavy oil, well. That was the reason why the present 
tests have not gone behind a 30 per cent ratio of oil-calories 
in the mixture. 

A diagram in the original article taken from tests 
gives curves for four rates of consumption per hour 
arranged in such a manner that, in pairs, they miglit 
be comparable with one another. The curves of the rise of 
temperature in the combustion chamber are given as fune- 
tions of time, the combustion chamber being cooled by the 
opening of the door to temperatures of 500, 750 and 900 deg. 
cent., respectively (932 to 1382 and 1652 deg. fahr.). When 
two million calories per day are consumed in the furnace, 
the passage from 750 to 900 deg. cent. takes about 1!5 
hr. with mixed fuel and 3 hr. and 45 min. when poor gas 
alone is used for heating. With a consumption of three mil- 
lion calories per day, the passage from 900 deg. to 1200 deg. 
cent. requires, with mixed heating, 1 hr. and 30 min., and 
with poor gas alone, 3 hr. and 15 min. While the time nee- 
essary to re-establish the normal temperature is not entirely 
lost as far as the operation of heat treatment is concerned, 
it is easy to see, when such operations are of short length and 
have to be frequently renewed, how a rapid method of rais- 
ing the temperature affects the cost of manufacture ex- 
pressed by a larger consumption of heat or a shortening of 
the time of operation. 


INVESTIGATION OF THE GENERAL PropeRTIES OF TOOL 
STEELS (Etude sur les propriétés générales des aciers a 
outils, M. Denis. Revue de métallurgie, vol. 11, no. 6, p. 
569, June 1914, 100 pp., 43 figs. ecA). The article pre- 
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sents the results of quite an extensive investigation on the 
eflicieney and output of tools and tool steels. It is divided 
into three parts: First, discussing the method of tests and 
heat treatment of various kinds of tool steels; second, the 
detailed data of the tests, and third, conclusions and general 
results derived from the data in part two. The third part 
only will be abstracted here. 

The tests can be divided into two main classes, cold and 
hot tests. As regards the first, two main points, sensitive- 
ness to tempering, and hardness and resilience in various 
types of treatment have been considered. The results of all 
the tests are combined in Table 2. The system used by the 
author is to give a mark 20 to a steel, the Brinell hardness 
of which is not influenced by an increase of 50 deg. cent. (90 
deg. far.) in the temperature of tempering. This mark is 
decreased by as many units as the decrease in the hardness, 
for an inerease of 50 deg. cent. in the temperature of tem- 


TABLE 2 CLASSIFICATION OF VARIOUS KINDS OF TOOL STEEL 
IN ACCORDANCE WITH DATA OF TESTS OF COLD WORKING 


Sensibility to Average Mark 
Sensibility to Successive for the Three 
Kind of Steel Tempering Temperings Typical 


Treatments 


Special Ss Is 13 18.33 
(extra-hard chromium) 

Carbon Ce.... 17 19.5 17.9 
(1.14%) carbon) 

Carbon C;.... 13 14.5 17.25 
(1.269 C) 

Carbon Cy 
(0.91% C) 19 15 17 

Special Si........ ‘ 17 13.5 16.9 


very hard chromium) 


Special S:.... Is 1s 16.85 
(very hard chromium) 
Special s 16 15 16.66 


(tungsten) 


pering, contains tens of Brinell units. For example, if a 
steel has a hardness of 800 Brinell units at the best tempera- 
ture of tempering of 780 deg. cent. (1436 deg. fahr.) and 
a hardness of 760 for a temperature of tempering of 830 
deg. cent. (1526 deg. fahr.), then the mark for the sensi- 
tiveness of tempering would be 16, that is 20 — 4. A simi- 
lar system is used for marking the hardness and resilience 
of various kinds of steel, corresponding to typical treat- 
ments. The best types of treatment were as follows: 


No. 1 No. 2 No. 3 
A= 800 A = 750 A = 770 


¢ = 2kgm. ¢ = 4kgm. ¢ = 3kgm. 

For each type of steel the mark corresponding to each of 
these typical treatments has been calculated in the follow- 
ing manner: For hardness the mark is lowered from 20 by 
as many pounds as the difference between the optimum hard- 
ness and actual hardness contains tens of units on the Brinell 
seale (the mark may be increased under the same conditions 
when the actual hardness exceeds the optimum hardness), 
Resilience. The mark is determined in accordance with the 
real value of hardness, and then decreased or increased in 
accordance with the actual value of resilience, one point in 
the mark corresponding to a difference of 0.5 kgm between 
the optimum resilience and the actual resilience. For exam- 
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ple, a steel of which the actual hardness and resilience tor 
the three typical treatments is as follows: 


No. 1 No. 2 No.3 
A 780 4=—710 A = 740) 
¢ = 2.5kgm = 3.5kem ¢=3kgm 


will receive for each of these treatments the marks as fol- 
lows: 


No. 1 No, 2 No.3 
2—2+1=19 20—4—1=15 20—3+0=17 
The author has further determined the sensitiveness of steels 
to various successive treatment. The steels have been sub- 
mitted to several temperings one after another, with an- 
nealings between each two treatments. The value of hard- 
ness after the fifth treatment has been utilized for classify- 
ing the steels from the point of view of their ability to 
withstand these repeated treatments, the steel of which the 
hardness does not change after five temperings being with the 
mark 20, which is reduced by as many points as the de- 
crease of hardness contains tens of units on the Brinell 
seale. A study of different steels from this particular point 


SPEED OF CUTTING 
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ot view has led to the following conclusions: First, the re- 
silience increases with the number of temperings to which 
the steel has been submitted; after the fifth treatment, the 
resilience of certain steels is nearly doubled while in others 
it inereases by one half. Therefore, if by successive tem- 
perings tool steels lose a certain amount of their initial 
hardness, their resilience rises, and, as a result, the efficiency 
which depends on the magnitudes of these two character- 
istic values, will vary less than would have been the case 
otherwise; second, after ten successive temperings with an- 
nealings in between carbon steels properly so called with 
the content of carbon in excess of 0.7 per cent, give quite 
variable results from the point of view of hardness. ‘These 
steels have hard parts, the hardness of which is comparable 
to the initial hardness, and soft parts, the hardness of which 
goes down to 500 and even 400 Brinell units. 

Special steels treated in the same way preserve a uniform 
hardness in all of their parts, but this hardness goes down 
as the number of treatments increases. The resilience of 
both earbon steels and special steels slightly decreases after 
the fifth tempering, but after the tenth tempering its value 
is still superior to the initial value. This classification (com- 
pare above Table 2) shows that the steel which can give 
the best results on metal working cold is the extra hard 
chromium steel S,, hypereutectoid steels C,, C,, and C,, and 
hard chromium steels S, and S,. Tungsten steels have lower 
efficiencies. Special nickel chromium steels are not and have 
not been included in the table, and have practically no sen- 
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sitiveness with respect to tempering. Their hardness after 
tempering is much inferior to the hardness of carbon and 
special alloy steels, but their resilience is much superior to 
them. Their sensitiveness to successive temperings is very 
low. Case hardening followed by a tempering at the bot- 
tom temperature gives to nickel chromium steel an optimum 
hardness of about 720 Brinell points, comparable to the 
hardness of high carbon steel and special alloy steel tem- 
pered but not annealed. “ Six per cent” nickel steel pos- 
sesses after tempering a much lower hardness than preceding 
steels but a far higher resilience (12 kgm as compared with 
5 kgm). It has a very high elastic limit. 

Tests while hot. The results of these tests show the heat 
treatment which is likely to give the best eflicieney and the 
curve of output corresponding to the best utilization of the 
tool. The following methods have been used to elassif'y 
various steels from the point of view of their hot outputs 
and efficiency. The etliciency of tool steel in the operations 
effected while the steel is hot, depends either exclusively or at 
least to a very large degree on the value of hardness and 
tenacity at the temperature at which the tool works. The 
tenacity of carbon steels and special steels is usually at its 
minimum around 100 deg. cent. (212 deg. fahr.). Its value 
rises considerably (to above 2000 kg) at a temperature of 
150 deg. cent. (302 deg. fahr.). It increases still further 
as the temperature rises and reaches its maximum value of 
4000 to 5000 kg at temperatures between 200 to 250 deg. 
cent. (392 and 482 deg. fahr.). The hardness of the same 
steels, which lies at the ordinary temperature between 700 
and 800 Brinell units, diminishes at first in a very noticeable 
manner up to the temperature of 100 deg. cent. (212 deg. 
fahr.). It is generally in the neighborhood of 650 units at 
temperatures between 100 and 200 deg. cent. (212 to 392 deg. 
tahr.), and very rapidly decreases then as the temperature 
, and S., the 
hardness is below 550 Brinell units at a temperature of 300 
deg. cent. (572 deg. fahr.). 


rises. Except in the ease of tungsten steels S 


The variation in hardness which is the most important 
characteristic, produces noticeable variations in the eflicieney 
of steels, while corresponding variations of tenacity have 
much less influence on efficiency. One ean therefore con- 
sider the variations of 4°+ as representing in a sufficiently 
close manner the variations of efficiency at different tem- 
peratures. The author has calculated for each kind of steel. 
the value of the above expression at temperatures of 150, 
200 and 250 deg. cent. and with the average values of them 
obtained the following equation : 

which he calls coefficient of efficiency and which permits to 
classify steels from the point of view of efficiency while hot. 
The author gives a table of coefficients of efficiency for vari- 
ous steels between temperatures of 150 and 250 deg. cent. 
This table shows that special steels are likely to give better 
efliciencies than carbon steels properly so called, and that 
among the latter, hypereutectoid steels will give a higher 
efliiency. As*regards output, the curves of output obtained 
by means of the Herbert machine permit to gain a basis for 
the classification of various kinds of' steel. 

In order to use these curves of output for the elassifiea- 
tion of steels, it is necessary to bear in mind the character- 
istie elements of these curves which are as follows: (1) the 
best speed of cutting v,, which gives the maximum of out- 
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put; (2) the maximum of output d,, corresponding to the 
best speed; (3) the width of the curve about this maximum 
(variations of output for variations of speed cutting are 
less pronounced as the curve grows wider in this region); 
(4) the limiting speed of cutting v. beyond which the steel 
is not susceptible of any output and which, together with the 
best speed of cutting, limits the zone of economic speeds. 
In Fig. 7 assume that d, and d, be the outputs ob- 


tained with a tool steel with velocities of cutting v, and v, 


equidistant from a best velocity of cutting vy (the equidis- 
tance being 3 m); these ordinates d, and d,, the axis of 
velocities of cutting, and the upper part of the curve of out- 
put form the limits of the surtace S,, the extension of which 
characterizes the width of the curve about its maximum. 
On the other hand the surface S, represents the zone of 
econome speeds of cutting of the steel and its value char- 
acterizes the extension of the curve to the right of the maxi 
mum and the magnitude of the limit—speed. The expression 

using the characteristic elements of the curve of output of 
each of the steels gives a method of differentiating them trom 
the point of view of their cutting properties and may be 
called the characteristic function of the curve of output. The 
steels which are likely to give the best outputs are (with the 
exception of the tungsten steel S, which is at the head of 


the list) the hypereutectoid steels C,, C,, C, and the extra 
hard chromium steel S, which, as shown above, also have 
the best efficiency when working cold. 

Taking all three above classifications together, the author 
establishes a general classification for high carbon and special 
steels which shows that chromium and tungsten steels vgen- 
erally do not stand well successive heatings and temperings, 
and that, unless the operations are well conducted, are liable 
to suffer. High carbon steels (with carbon eontent in ex- 
cess of 1.15 per cent) require to be treated with great care 
and are generally quite sensitive to tempering; the hard- 
ness (as well as resilience, but in a lesser degree) of a large 
uumber of steels varied quite noticeably with the temperature 
of tempering and annealing, and it is absolutely necessary 
to use in their tempering the best temperature corresponding 
to the particular use to which they are going to be applied 
(type-treatment). In places where complete equipment for 
tempering, such as special furnaces, pirometers, ete., is avail- 
able, chromium, tungsten and high carbon steels are pre- 
ferably to be used, but where only simpler and eruder equip 
ment is available, hard chromium steel and hypereutectoid 
carbon steels are preferable. 


Power Transmission 


Power TRANSMISSION LOSSES AND STRESSES IN BELT AND 
Rope Drives (Die Ube rtragungsverluste und die Bean- 
spruchungen der Seil- und Riementriebe, K. Kutzbach, Zeits. 
des Vereines deutscher Ingenieure, vol. 58, no. 25, p. 1006, 
June 20, 1914, 6 pp., 8 figs. te). The author investigates 
the losses occurring in transmission of power by rope and 
belt drives and the stresses oceurring in these transmission 
elements. He explains the distinctive features of the rope 
and belt drives by the elastie properties of these materials. 
Their common property of increasing the eflicieney with the 
increase of useful tension, holds as long as the absolute losses 
remain more or less independent of the useful tension. In 
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the ease of ropes, low elasticity and the unavoidable varia- 
tion in length, far more than strength, limit their practi- 
cally permissible tension, and consequently the efficiency otf 
rope drive, which, from a practical standpoint, is not always 
the deeiding argument. The author investigates graphically 
the action of centrifugal force in the ease of belt and rope 
drives and the nature of what is known as “ excess stress,” 
as well as the distribution of stresses while the drive is in 
operation; by. means of tension diagrams he shows why ver- 
tical rope drives are so difficult to install and so little reli- 
able unless the ropes used are of particularly great elas- 
ticity. But even if such ropes were available, they would 
not be better than a rope drive having an axial stress of 30 
to 40 kg/qem. Rope drives working at high stresses always 
provide a stiff transmission, and the softness and elasticity 
of a leather belt transmission can be obtained in the case ot 
rope drives only when the stresses in the rope are low. If 
in an installation involving a considerable amount of non 
uniform drive or shocks, say an electric motor, a particu 
larly sott transmission is required, nothing better can be de- 
vised than a really elastic and long leather belt connecting 
large masses at both pulleys. In such a ease all the irregu 
larities of operation and shocks will be taken up by the 
spring action of the belt, while in the case of rope it will be 
the transmission apparatus that will have to take them up. 
This will result in unpleasant knocking of the loose drums 
which is entirely avoided when belts are used. As far as 
ellicieney alone is concerned, the steel belt is at the top of 
all other belts or rope methods of transmission, but owing 
te its very high coetlicient of elasticity and the low influence 
of the action of its own weight for short distances, it gives 
a drive which connects the two wheels not elastically, but 
rigidly, 
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NOVELTIES IN THE DesigN OF BrROWN-Boveri-PARSONS 
TURBINES (Neuerungen im Bau Brown, Boveri-Parsons Tur- 
binen. 


Zeits. fiir das gesamte Turbinenwesen, vol. 11, no. 


The article de- 
scribes the recent development in the design of the Brown, 
Boveri-Parsons 


16, June 10, 1914, p. 253, 2 pp., 3 figs. 


steam turbines. The tendeney is towards 
which is facilitated by the 
new materials of high resistance to stresses which have re- 


cently appeared on the market. 


making the turbine more compact 


The general design of the 
turbine (compare Fig. 8A) has remained unaltered with the 
following improvements, however: In order to reduce the 
amount of steam flowing through the dummy piston, the 
arrangement of equalization has been changed. It has for- 
at the high- 


end, and to 


merly been usual to have one dummy piston 
pressure end and another at the low-pressure 
lead the “loss” steam from the high pressure 
piston direct into the exhaust of the turbine. Now, how- 
ever, this steam is passed through the hollow shaft into the 
stage between the intermediate and low-pressures, and is 
therefore enabled to do the work in the low-pressure stage. 
By means of a small inerease in diameter it proved also 
possible to obtain a little freer working of the dummy pis- 
ton. An improvement in the construction of collar thrust 
bearings has made it recently possible to omit the dummy 


and dummy 


piston at the low-pressure end entirely and in this way to 
improve considerably the steam consumption. 


In order to utilize fully the steam pressure at various 
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loads on the turbine and avoid uneconomic throttling, the 
nozzles have been distributed into several groups; the first 
group, Fig. B, is directly under the action of the main regu- 
lating valve W, while the following groups, the number of 
which depends on the size of the engine, are regulated by 
one to four additional valves operated by oil under pres- 
sure. At small loads, only the nozzles regulated by the valve 
W are opened. When the load increases, the pressure behind 
these nozzles increases also and simultaneously the oil pres- 
when the steam 


sure under the piston Y increases so that 


pressure at the nozzles has approximately reached the boiler 


Fic. 8 


Brown-Boveri-Parsons Improved TURBINE 


pressure, a new set of nozzles will be opened, if 
bine is to carry a still greater load. 


the tur- 
This is done by the 
rising oil pressure under the piston Z of the supplementary 
valve A,, the piston Z being arranged in such a manner that 
the valve cannot oceupy any intermediate position, but mus‘ 
be either fully opened or fully closed at the moment of the 
opening and closing of the additional valve. There must 
he, however, some supplementary regulation of the main 
The 
springs of the oil piston Z must be graduated in such a man- 
ner that the next valve will open only after the oil pressure 
has risen to the required extent; that is, when the steam 
pressure in front of the valve has reached nearly the level of 
the boiler pressure. The regulation proper is always earried 
on by the main regulating valve W, which, owing to the 
peculiar shape of the sleeve, is all the time in an oscillating 
motion and peculiarly adapted to respond to the slightest 
variations of the speed of rotation. 


valve W, if there are several supplementary valves. 


Further information 
about the action of this apparatus is promised in a future 
issue of the paper. 
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Strength of Materials 

COMPRESSION TESTS ON CEMENT CUBES 
mit Betonwiirfeln, Otto Graft, Armierter Beton, vol. 7, no. 6, 
June 1914 (article not finished) (e4). The present article 
gives a compilation of results obtained at the laboratory for 
testing materials at the Royal Technical High Sehool in 
The 


tests have been carried out for a number of years and the 


(Druckversuche 


Stuttgart from tests on the strength of cement cubes. 


article gives a fairly complete account of the results ob- 
tained. On account of lack of space only the final conelu- 
sions will be reported here. 

As regards the relation between the size of the body and 
its compression strength, it was found that cement bodies 
having a eross section of 480 gem exhibited a considerably 
lower compressive strength than cubes with cross section of 
50 qem. It appears that the strength of a cube is a fune- 
tion of its age, and also that the ratio between the size and 
the 


amount of water used in the preparation of the cement. In- 


compressive strength of a cement cube is affected by 
crease in the length of time of mixing produced a slight im- 
provement in strength. As regards the relation between the 
amount of water used and the compression strength, the tests 
indieate that the older the test piece the less its strength is 
affected by the amount of water used. On the other hand, 
the influence of the amount of water used is but little af- 
fected by the cement test piece being kept in dry or moist 


atmosphere. 
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FRANKLIN INSTITUTE 
Journal, vol. 178, no. 1, July 1914, Philadelphia, Pa. 
Locomotive Superheaters and their Performance, C. D. 
Young (abstract) 
An Apparatus for the Spectroscopie Synthesis of Color, 
Herbert E. Ives and E. J. Brady 
The Problem of Motor Gasoline, John Winkler 
LOCOMOTIVE SUPERHEATERS AND THEIR PERFORMANCE, C. 
D. Young (83 pp., 56 figs. heA). 
ded into two parts; the first containing a historical sketch of 


The article may be divi- 


the construction of superheaters, and the second, data of 
tests performed at the Altoona shops of the Pennsylvania 
Railroad Company. On account of lack of space only the 
The 
data of tests are presented partly in the form of eurves and 
partly as tables. 
Schmidt superheater of the fire-tube type or an altered form 
of it, consisting of tubes arranged in groups or elements and 


second part of this interesting article is reported here. 
The superheater used for the tests was a 
It was arranged in 


such a way that the steam from the boiler entered the header 
in the smoke box, then flowed into one of each of the super- 


located in the large flues in the boiler. 


heater elements, passing twice through the hot gases which 
surrounded the element, and then directly to the cylinders. 
In order to obtain different degrees of superheat without in 
any way changing the water heating surface of the boiler or 
the engine conditions, different forms of superheater elements 
were used with the same superheater header and large flues. 
The various superheater elements and their sizes are shown 
in the original article. The locomotive used for all of the 
superheater tests was a class K2sa Pacifie type passenger lo- 
comotive of the Pennsylvania Railroad Company with brick 
arch in the firebox. A complete efficiency test of this loco- 
motive, equipped with the standard form of the Schmidt 
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superheater, was made before the special superheater tests 
were undertaken (the results are given in full in Bulletin 
No. 18, issued by the Pennsylvania Railroad Company). 
The results of tests refer to the following subjects: Effect 
of different degrees of superheat, tests made with small su- 
perheaters, superheaters of 44, 42 and #4 length. The small 
superheater tests gave an evaporation of about 31,000 Ib. 
of water per hr., with an indicated horsepower of 1425, while 
with the same eut-off and an extra length superheater, the 
evaporation was only about 21,000 Ib. for the same indi- 
cated horsepower, this effect being caused by the small super- 
heat obtained with the short returns which require a great 
weight of steam for the power produced. It was found fur- 
ther that the small superheater would evaporate only 70 per 


Steam Chest Press 
Boiler Press 


CUTOFF 15 PER CENT _ 
SUPERHEAT, HIGH 152° 
OW 16° 


€0.25 HIGH 219. 
SUP. LOW 78 


HIGH 266 
LOW 147 


CO. 35 C0. 4 
SUP. HIGH 259 UP 
LOW 92 


— High Superheat 

” 

SPEED FOR ALL DIAGRAMS 
240 RPM. or 56 MPH 


C.0. 50 
SUP HIGH 288 
LOW 173 
Fic 9 Hies anp Low Superneat INvicator Diagrams 


The 
small capacity of this header superheater was brought about 
by the fact that it did not extend into the large fiues in the 
boiler. 
erly. The draft action was disturbed and holes were made 
in the fire by the violent agitation of the draft. The small 
superheater gave a maximum superheat of but 26 deg. The 
superheaters of 14, 42 and 34 length showed a regular in- 
crease in superheat produced with the increase in length of 
superheater. 


cent of what the half-length superheater was capable. 


As a result of this, the boiler did not steam prop- 


Further, as superheat was increased, the evap- 
oration when running at a short cut-off was decreased; the 
one half length superheater gave a greater evaporation 
than was obtained with any other, namely, about 55,000 Ib. 
per hr. It must not be understood, however, that this super- 
heater, which is best for evaporation, gives the maximum 
horsepower. The extra length shows a higher superheat 


than standard length, but there might be difficulties in its 
use where the ends come within a few inches of the fire-box 
and of the flue. 


The standard half-return type gives fully 
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as much superheat. As regards the relation between cut-off 
and superheat, it appeared that the superheaters ranged in 
this respect in very nearly the same way as in regard to 
length of superheater and amount of evaporation, which 
might be expected since, on account of the constant speed, 
the evaporation was almost entirely a function of the length 
of cut-off. 

Considering the economy resulting trom the superheat, it 
appeared that at the shorter cut-offs there was a uniform 
decrease in the water rate with each increase in superheat. 
As the cut-off was extended, the water rate increased but had 
a tendency to become more nearly constant with an inerease 
in superheat. A water rate of 24 lb. was obtained with 
ihe superheat of about 30 deg., but if the superheat was in- 
creased to 220 deg. without a change in cut-off, the water 
rate was reduced to 16 Ib. From the table given in the orig- 
inal article, it appeared that at 15 per cent cut off, at the 
speed all the tests were made, for every 20 deg. rise in super- 
heat there was a reduction in water rate of 1 lb. per indicated 
l.p-hr. At 50 per cent cut-off, this changed to a require- 
ment of about 40 deg. rise for the same reduction in water 
weight. It appeared further that superheat always showed 
a saving in steam if the cut-off did not exceed 50 per cent. 
A further diagram shows that every increase in superheat 
resulted in a saving of coal per h.p-hr. 

The article gives also data on temperatures in the boiler 
tube and superheater flue. It appears that there was a loss 
in steam pressure as the steam flowed from the boiler through 
the superheater to the steam chest. The superheater 
equipped with spiral blades in the tubes showed the largest 
loss in steam pressure as the steam flowed through the super- 
heater. These blades had a retarding effect and the increas- 
ing superheat obtained by their use did not compensate for 
the loss of power due to the pressure fall. The short returns 
showed the least drop in pressure while the single-pass super- 
heater showed a little greater drop in pressure. The dia- 
grams for- high and low superheat given in Fig. 9 indi- 
cated that there was a drop in pressure between the boiler 
and steam chests of about 8 lb. During the admission to the 
cylinder the steam having a low superheat showed loss in 
pressure throughout, but during expansion the pressure for 
the low superheated steam was higher than for the highly 
superheated steam. During the return stroke of the piston 
the steam having a low superheat showed a higher back pres- 
sure than the highly superheated steam. This indicated that 
the highly superheated steam was more fluid or flowed more 
freely into and out of the cylinder than did the steam of 
low superheat. 

The results of the tests showed conclusively that there was 
an almost direct relationship between the economy in water 
and fuel and the degree of superheat. If the superheat at 
a short eut-off could be obtained as high as that which was 
obtained for a long eut-off, no doubt more remarkable econ- 
omies would have been possible in steam per indicated 
l.p-hr. The other deductions which may be drawn from 
these tests were summarized by the author as follows: 

(a) The standard superheater now in general use is found 
to give very satisfactory results with a possibility that some 
of the return portion could be eliminated with no detriment 
to the superheat obtained, and with an advantage in cost of 
material. 

(b) Too much importance cannot be attached to the 
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length of superheater; it must extend as far toward the fire 
as practicable limitations will allow, considering the life of 
the elements in the hot gases. 

(c) There is an advantage in the return portion of the 
superheater, but this part may be shortened; to what extent 
has not yet been finally determined. 

(d) As the superheat is reduced, the evaporation of the 
boiler is increased within certain limits; in other words, a 
boiler without superheater shows a larger maximum evapora- 
tion than one with a superheater. The power of the loco- 
motive, however, does not increase with the greater weight 
of steam produced; on the contrary, the power is reduced 
with the reduction in superheat. 

(e) Within the limitations of these tests, the highest 
superheat does not result in the lowest water rate; this is on 
account of the facet that to obtain the highest superheat the 
locomotive may be run at an excessively long cut-off, the long 
cut-off increasing the water rate to a greater extent than is 
compensated for by the increase in superheat. 


INSTITUTE OF MARINE ENGINEERS 


Transactions, Session 1914-1915, June 1914. Stratford. 
Wood Charcoal, its Manufacture and Uses, W. D. Ashton 
Bost (abstracted ). 


Board of Trade Report on Explosion from a Boiler Stop 
Valve Chest. 

Woop CHarcoaL, Its MANUFACTURE AND Uses, W. D. Ash- 
ton Bost (33 p. gp). The article discusses mainly the uses 
ot wood charcoal. The author states that “in America the 
output of charcoal iron is enormous, owing to the vast 
amount of cheap wood and the furnaces carbonizing it for 
themselves and recovering the products.” Speaking of the 
use of charcoal for insulation, especially on ships, the author 
discusses the possible fire danger. 

As regards the method of extinguishing flake charcoal, the 
author states that it is done by freely exposing it to the air; 
it was formerly supposed to be extinguished by absorbing 
oxygen in the process. This, however, is not correct, be- 
cause, although flake charcoal does absorb all the oxygen it 
wants, this has nothing to do with the cooling which is ef- 
fected by allowing it to give off all its heat while being tossed 
about. By exposing each particle to the air, the temperature 
of the coal is lowered after a certain number of such expos- 
ures. While lump wood charcoal takes 24 hr. to cool with 
exclusion of air, flake charcoal takes 10 min. when exposed 
to the air. In the well known tests of Dr. Rosenhain, it was 
found that the conditions necessary for firing chare al 
were such as could not be found at sea exeept in the case 
of fire outside the chareoal setting it on fire. The only ex- 
ception possible is the presence of sulphur dioxide. In Dr. 
Rosenhain’s first experiment, the conditions were more severe 
than could occur in actual practice, for the charcoal was put 
loosely into a perforated box, surrounded on all sides by 3 
in. of air free to move, whereas in practice the charcoal has 
air-tight easing. Even under these conditions the tempera- 
ture was raised to 370 deg. cent. or nearly four times the 
temperature of boiling water without ignition taking place. 
It might however be said that while chareoal in the insula- 
tion is not liable to spontaneous combustion, vet it might 
help to propagate a fire. 

The following figures from the Board of Trade reports on 
fires in British steamers of 100 tons and upwards for twelve 
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years, show that in proportion to the number of ships fitted 
with chareoal and silicate cotton respectively, there have 
been more fires in the latter than in the former. If instead 
of making the comparison between charcoal and silicate cot- 
ton, it is made between combustible and uncombustible insu- 
lating material, it would be found that in proportion to 
their numbers there have been more fires in the latter than 
in the former. It is further proved that a fire on a ship with 
combustible material is generally less serious in character 
than on one fitted with incombustible material, which is a 
somewhat startling fact. 


SOCIETY OF ENGINEERS 


Tue Urivization or Enercy, A. 8S. E. Ackermann. 
(Abstracted from report published in The Electrician, April 
17, 1914.) The paper was read before the Society of Engi- 
neers on April 6, 1914, and gave some hitherto unpublished 
data on the sun power plant as well as data on tests of the 
absorbers used in this plant. The latest pattern of the ab- 
sorber gave a maximum thermal efficiency of no less than 
40.7 per cent and a maximum output of steam of 1442 Ib. 
per hr. at a pressure of 15.8 lb. per sq. in. absolute. This 
absorber consists of five sections, each 205 ft. long, 15 ft. 
5 in. wide between the edges of the mirrors. The cross- 
section of each of the five sections is parabolic and the mir- 
ror portion may be described as five large parabolic chan- 
nels. The sections are placed with their major axis north 
and south. To receive the morning sun they are heeled over 
to the east and move automatically very slowly from that 
position to the west so as to follow the sun. This auto- 
matie movement is controlled by a small and simple ther- 
mostat, consisting of three fingers, each made of a thin 
plate of brass underneath and a plate of vuleanite on top. 
The principle of working this thermostat is that two fingers 
are in the shade and the third in the sunshine. Should one 
of the outer fingers get off from the shade it is rapidly 
heated up by the sun, bends down, closes an electric circuit 
and starts a mechanism which moves the mirror. From the 
results of tests of various types of absorbers the author has 
derived a formula by means of which it is easy to calculate 
for a given type and size of absorber the total output of 
steam per hour, when three things are known: the time of 
day, the steam pressure and the humidity (humidity ad- 
versely affects the quantity of solar radiation arriving at 
the earth’s solid surface). The author shows further that 
in the ease of such low-pressure boilers, the high thermal 
efficiency is not necessary since, up to a certain point, the 
higher the steam pressure the more economical the working, 
although the thermal efficiency is then lower. 


THE ENGINEERS’ SOCIETY OF WESTERN PENNSYLVANIA 


Proceedings, vol. 30, no. 1, February 1914. Pittsburg, Pa. 
Discussion of Operating experiences with Steam Regen- 
erators (abstracted ) 
Crucible Steel, George H. Neilson 
Tests OF SteaAM REGENERATORS AND Low Pressure Tur- 
BINES, FranK E. Leany (39 pp., 6 figs. e). In a previous 
paper before the same Society, Mr. F. G. Gasche discussed 
the theory of steam accumulative and regenerative processes 
which prompted several engineers in the Western Pennsyl- 
vania district to make extensive tests with steam regenera- 
tors. Mr. Leahy made tests on a regenerative system located 
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between a blooming mill and a slabbing mill in front of a 
low-pressure turbine station, consisting of three American 
steam regenerators connected in parallel and operating as a 
unit. Each regenerator consists of two steel tanks, one 
above the other, the lower being designated as the expansion 
chamber and the upper as the regenerative chamber. The 
operation of the regenerative system is as follows: the ex- 
haust steam enters the lower tank and in passing into the 
spray-box strikes a vane, turning it through a certain angle, 
depending on the quantity of steam flowing. This move- 
ment is transmitted to the regulating water valve whieh ad- 
mits the water to the spray-box. The greater the quantity 
of steam flowing, the greater the angle through which the 
vane turns and as a consequence the admission of water 
through the valve. The steam and water meet in the spray- 
box and the mixture passes through an ejection pipe into 
the upper tank, the water absorbing the heat from the steam 
on the way. In this manner the heat is stored in the upper 
tank and becomes available for use when required. If at 
any time the pressure in the top tank drops to sixteen Ib. 
absolute, due to decrease in the supply of exhaust steam, 
the live steam reducing valve is automatically opened and 
admits steam to the lower tank, closing as soon as the pres- 
sure in the top tank increases to eighteen Ib. absolute. If 
at any time there is such a surplus of exhaust steam that the 
pressure in the top tank exceeds nineteen Ib. absolute, the 
relief valve opens, discharging the excess steam to the atmos- 
phere. In order better to control the conditions of operation 
in the tests, live steam was used throttled through a redue- 
ing valve. The observations during the tests were taken as 
follows: The average temperature of the water in the regen- 
erator by thermometers placed at various places in the tank; 
steam temperature by a thermometer placed in the top of 
the regenerator tank; pressure in the top and bottom tanks 
by mereury columns; height of water on both ends of the re- 
generative tanks by graduated water gage glasses. 

The author presents the results of his tests in the form of 
tables (see Table 3). In addition to the tests of the re- 
generative equipment, tests of the turbo-generators were 
also made. The low-pressure turbine station consists of one 
Curtis low-pressure turbo-generator, one General Electric 
motor-generator set, one small General Electric turdo-gen- 
erator, with d. ¢. for excitation, switchboard and a Weiss 
dry air pump., The low-pressure turbine is a Curtis hori- 
zontal, three-stage impulse type rated at 3000 kw., 1500 
r.p.m., form FE, designed to run condensing and deliver its 
rated capacity with an initial pressure of 16 lb. absolute. 
The turbine exhausts into a Weiss barometrie counter cur- 
rent condenser of self supporting type and a rated capacity 
of condensing 150,000 Ib. of steam per hour. The turbine 
tests were run to determine the steam consumption of the 
turbine at various loads. The net results obtained by 
the installation of the low-pressure turbine and regenerators 
were as follows: 

First: An increase of 57.5 per cent in the rated electrical 
sapacity of the plant. 

Second: The back pressures, in pounds per square inch, 
on the blooming and slabbing engines were as follows: 


Before Turbine 


Operating Alone Operating Together Installation 

Engines Average Maximum Average Maximum Average Maximum 
Blooming Mill.. 3.77 10.00 7.35 10.00 1.50 5.30 
Slabbing Mill... 5.04 10.06 7.82 11.00 1.10 6.20 
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Third: The load on the turbine is sueh that the steam 


When 


only the blooming engine is operating, the supply of exhaust 


consumption of the turbine is practically constant. 


steam, which is approximately 76,000 Ib. per hour, 1s insufli- 
cient to meet the demands of the turbine and in order to 
provide this detieiency, the live steam valve is open about 
10.5 minutes per hour. When only the slabbing mill en- 
gines are operating, live steam is admitted to the turbine 
about 2.6 minutes per hour, exhaust steam from these en- 
gines being approximately 100,000 Ib. per hour. In either 
of the above cases it is very seldom that any exhaust steam 
escapes to the atmosphere. When both mills are operating 
at the same time, the exhaust steam is much in exeess of the 
demand, and the relief valves are open about 18.9 minutes 
per hour, discharging the excess steam to the atmosphere. 

Operating difliculties: When the low-pressure turbine and 
regenerators were deal of 
This 


being a straight low pressure turbine it is imperative that 


first put into service a 


good 


trouble was experienced with the reducing valves. 


the reducing valves be absolutely reliable and positive in 
their performance. The first valve used was a 12 in. Foster 
reducing valve designed to open at 15 Ib. and close at 15.5 
lb. absolute pressure, but it proved not to be well adapted to 
this kind of service and better results were later obtained 
by the use of a balanced piston valve which is positive in 
its action, being controlled directly by the pressure in the 
regenerators. This valve has been in operation sinee July 
1912 and has given complete satisfaction. Another source 
of trouble was due to the imperfection in the design of the 
pilot valve which operated the water mixing valve. It would 
find a position of admission and exit that would give to 
the piston of the operating cylinder a violent reeipro- 
eating motion, either breaking the valve steam or causing 
the valve to sit hard enough to break the body of it. A 
change in the design of the piston and ports was made 
which eliminated this trouble. The 


complete data of the tests. 


article contains very 


EXPERIMENTS WITH A SMALL Steam Recenerator, C. L. 
W. Trinks (6 pp., 4 figs. e). The experiments made by 
the author ineluded tests on an experimental regenerator 
made of 20 in. pipe and experiments on absorption of jets 
of steam in a specially constructed glass vessel. The author 
found that the results obtained from the former were not 
appheable to apparatus of commercial size. In the experi- 
ments with the glass container, conditions were maintained 
such that the temperature, pressure and water level were 
kept constant. Steam was added in such quantities that all 
of it was just absorbed at the surface of the water, thus rep- 
resenting the limit of total steam absorption for the given 
discharge orifice, temperature difference and depth of im- 
mersion. At first a single jet of steam was used, and its 
shape proved to be different from what might have been ex- 
pected. Instead of there being a number of bubbles rising 
through the water, the jet expanded to at least four times 
the size of the pipe opening and looked very much like an 
unsteady flickering flame, the tep of whieh was darting 
hithr and thither (Fig. 10A). Spreading of the steam jet 
was probably due to the resistance which it found against 
the water in trying to rise. A small box was next used re- 
sembling a section of a regenerator element. It was diseov- 
ered that the steam coming out of the lateral holes spread 
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to such an extent that the steam jets interfered with each 
other. It was also discovered that the kinetic energy of the 
flow of steam was excessively large as compared with the 
A special bafile 
The left 


hand part of Fig. B shows approximately the appearance ot 


discharge capacity of the bottom openings. 


was then provided to produce induced cireulation. 


the steam jets essentially different from that shown in the 
catalogue of the Fig. C 


shows that complete steam absorption with small tempera- 


Rateau Regenerator Company. 
ture difference necessitates a very slow rate of flow of steam 


and discharge through the upper row of holes only. If 
complete absorption of steam and discharge through sev- 
eral rows of holes is wanted, the temperature difference 
between the 
The author gives the following brief 


permissible temperature difference and 


steam and water must be quite excessive. 


with 
for complete ab- 
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Fic. 10 A anv B, Spreap oF Jet in SmMaLu Steam ReceneraTors; C, STEAM 
ABSORPTION IN REGENERATORS 


sorption of steam, a horizontal length of absorbing su~- 


face of about three miles will be necessary for an ordi- 
nary 55 x 60 reversing engine doing medium, heavy work at 
60 r.p.m. This figure is based on 15 deg. fahr. temperature 
difference and a 4-in. depth of immersion. If three regen- 
erators were used, each with four absorbing surfaces, and 
if the depth of immersion be increased to ten inches, then 
the length of the regenerator could be reduced to 500 ft. 
This appears to show that regenerators as designed now 
cannot absorb all of the steam which comes from a reversing 
mill engine unless the temperature difference is excessive. 
The author believes that all absorption regenerators would 
have to be redesigned in the shape of multiple flat boxes 
with considerably less depth of immersion and only one row 


of holes, which would make them too costly for commercial 
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TABLE 3 SUMMARY OF TESTS MADE ON REGENERATOR (NO. 2) AT TURBINE STATION 
REGENERATIVE PERIOD 


Test Tank m ts te 
No. No Cu. Ft. Lb. Lb. Deg. F Deg. F. 
1 2 896 93,909 567 222.3 216.0 
2 2 991 88,200 567 225.1 216.2 
3 2 991 88,178 567 227.1 219.3 
ay 2 SY3 94,374 567 225.0 214.2 
5 2 970 89,363 567 227.2 219.8 
6 2 979 89,292 567 225.3 212.8 


Q Q 

ty 6 6 Actual Theoretical Efficiency 

Deg. F. (tz to t2) Sec Heat Heat Per Cent 
Sec. Storage Capacity 

205.0 1.00 SS 2 1,045,800 1,637,280 63.8 
206.5 1.85 77.3 871,257 1,656,237 52.6 
206.3 2.08 101.8 1,164,132 1,851,920 62.58 
195.2 3.21 162.8 1,814,245 2,833,384 64.0 
210.3 1.89 77.4 863,653 1,524,939 56 6 
195.0 1.87 150.0 1,612,865 2,729,013 59.1 


V volume of receiver spaces, cu. ft.; W weight of heat absorbing water, lb.; m pounds of steam per minute from the regenerator; fs temperature of steam 


entering the regenerator, deg. fahr.; ¢2 final temperature of absorbing watec, deg. fahr.; 4 initial temperature of absorbing water, deg. fahr.; @ (és to 2) 


time 


in seconds for receiver expansion from fs to 2; @ (ts to ft) time in seconds for regenerator expansion from fa to 4. 


purposes. Further experiments have shown that with the 
comparatively small quantity of steam passing unabsorbed, 
the rate of steam absorption could be vastly increased. 
There is, therefore, no well defined limit to the steam 
sorption; with increased flow more is absorbed, but 
water is lifted so high and the steam passing through en- 
trains so much water that the operation of the turbine be- 
comes dangerous. A considerable amount of interesting ma- 
terial which cannot be abstracted on account of lack of space 
is contained in the discussion which followed the presenta- 
tion of these papers. 


ab- 
the 


NOTES ON SPECIFICATIONS FOR ReGENERATORS, O. P. Hoop 
(7 pp., 2 figs., ep). As a result of some experience in test- 
ing a regenerator installation, the author discusses the word- 
ing of a contract for this class of apparatus. One of the 
problems in establishing the specifications for regenerators 
is that of defining its capacity. <A definition, “ the capacity 
of the regenerator plant shall be sufficient to handle the 
maximum hourly rate of delivery (of exhaust steam) to the 
best practical advantage,” is entirely too indefinite to insure 
a device that would use a fair proportion of the waste prod- 
uct and at the same time not interfere with the functions 
of the engine. <A better statement would be, “the regenera- 
tor will be of sufficient size to operate a turbine unit of the 
given capacity for a period of five minutes after the sup- 
ply of steam is shut off,’ but some provision in such a case 
has to be made as to how long previous to the shut off the 
supply of steam shall be maintained. A statement of the 
following kind “ provided the supply has been maintained 
for a sufficient time to provide as many heat units as the 
containing water will absorb at the operating pressure” is 
rather unfair to the buyer of the apparatus since whether 
the device is efficient in absorbing heat or not, the wording 
demands that steam shall be supplied until the absorption 
is complete. In the contract which the author had especially 
in view, it was further stipulated that “an automatic re- 
lease valve will be provided to allow a free escape of the 
steam when the pressure exceeds one pound above the pres- 
ent exhaust pressure.” It is evidently to the advantage of 
the regenerator to have as wide a range of pressure as pos- 
sible. Running the pressure below an atmosphere on a hoist- 
ing engine may be objectionable and the lower regenerator 
pressure was therefore limited approximately to atmos- 


pherie pressure. The superior pressure allowed on the re- 
generator adds to the back pressure on the engine and this 
addition inereases its normal steam consumption and it is 
between these narrow limits of pressure that the regenerator 
must run. With increasing back pressure there comes a con- 
dition when the saving at the exhaust end of the operation 
is more than offset by the cost of the added steam needed 
by the main engine and the added auxiliaries. This is one 
of the reasons why some plants of this kind, although re- 
turning a product from exhaust steam, are unable to drop 
any boiler capacity as a result of the installation. In test- 
ing the plant it was found that the apparently simple con- 
dition of the contract that there should be “a free escape ot 
steam when the pressure exceeds one pound above the pres- 
ent exhaust pressure” proved to be tar from simple in de- 
termination since it made it necessary to determine what 
the old back pressure was. As the author states, there may 
be a very honest difference of opinion as to the meaning of 
the phrase “ back pressure” and also several poor ways of 
determining what it is. Some of these poor ways the au- 
thor describes. The most satisfactory method of determin- 
ing the back pressure would be to take continuous indicator 
diagrams of the open type, using a light spring arranged 
with a positive stop so that pressures beyond the range of 
the spring would not injure it. The average back pressure 
for each stroke of the eyele could then be plotted as an or- 
dinate with the number of the stroke as a base, thus giving 
a curve representing the many back pressures through the 
eyele. Such curves obtained under different conditions 
would be comparable and the pressure range ailowed be- 
tween them could be a definite matter of contract. This 
method, however, requires special indicators which are by 
no means common. It would, therefore, seem to be desira- 
ble that in specifications for regenerator installations the 
method of determining the back pressure from the engines 
should be a part of the contract as well as the allowed addi- 
tion of pressure imposed by the regenerator. It is also desir- 
able when applied to the exhaust of a hoist or similar en- 
gine, that the regenerator pressure be automatically adjusted 
according to the load on the turbine, if this is a variable. 
Although great savings can be made by the use of regen- 
erators attached to hoisting engines, it only takes small ad- 
ditions of back pressure in connection with regenerators of 
insufficient capacity to change an apparent saving at the 
e haust into an actual loss at the coal pile. 
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FOREIGN REVIEW AND REVIEW OF PROCEEDINGS OF 
ENGINEERING SOCIETIES 


ENGINEERING SURVEY 

In the first section, on Aeronautics, will be found data ot 
tests concerning the action of wind on a plane of an aero- 
plane under dynamie conditions, that is, produced by a blast 
of which the direction and intensity vary rapidly. In the 
next section, on Fuels and Firing, are reported data on a 
German smokeless boiler furnace, and on peat testing. It 
appears, among other things, from this article that serious 
attention is being paid to the development, on a strictly 
scientific basis. of the peat industry in Europe and that 
promising progress in this direction has been already made. 
The section on Gas Engineering is closely connected, in some 
of its features, with that on Fuels. Rummel, in the Journal 
of the German Society of Engineers, discusses the use ot 
vas in metallurgical plants where it is obtained as aby 
product of the operation of blast furnaces and coke-ovens. 
and, after a therough consideration of all conditions, comes 
to the conclusion that the least economical method of con 
suming the gas is by burning it under boilers, notwithstand- 
ing the tact that. as the author states, there are many cases 
in these plants where steam drive is still the best. 

A number of interesting papers are abstracted trom the 
report of the last meeting of the French Gas Technical Soci 
ety, such as on storage of coal under water; on a new con- 
struction of a centrifugal tar separator; on an apparently 
anomalous phenomenon in the purification of gas by iron 
oxide; on comburimeters; corrosion of east iron piping; 
safety valves for gas meters, and improved formula for the 
ealeulation of gas conduits. 

From a description of a hydro-electric installation in 
French Northern Africa are taken data on the Minetti speed 
governor used in connection with large Francis water wheels. 
In the next section, Internal Combustion Engineering, are 
deseribed a number of cooling devices used on internal com- 
bustion engines of various makes, as well as a novel construe- 
tion of steel cylinders. The latter presents a good deal of 
interest to the American makers of automobile and, perhaps 
still more, of aeroplane engines, as a steel cylinder, while as 
reliable as a cast iron one, is at least half the weight of the 
latter. 

In a former issue was deseribed a chain pump of novel 
construction invented by a French engineer, Bessonet-Favre. 
It appears that it has been since introduced commercially, 
and in the present issue we are able to present some data on 
We are 
also able to present in this issue data of tests of a Weter 
gas fired 


output and power consumption of these pumps. 


furnace which has been described in detail in a 
former issue; the plant, with this type of furnace, has shown 
a total ellicieney of 84.6 per cent. 

A brief abstract of the article of Professor Mérigeault on 
the theory of the Tesla turbine gives data on possible im- 
provements in this type of apparatus, while the next article 
presents information on the actual conditions of operation 
of the apparatus which has become lately known under the 
name of ejectair (first described in the English language in 


an abstract in the Foreign Review). In the section on Mis- 


cellanea will be found data on tests of a mixture of mineral 
oil and oildag, showing that the presence of the latter mate 
rial insures a saving in lubricant. 

New specifications published by the Association of Amer- 
ican Steel Manufacturers are given covering structural and 
boiler steel, concrete reinforcement bars rolled trom billets, 
and rail steel concrete reinforcement bars. From a paper 
before the Engineering Association of the South is taken an 
abstract concerning the Nashville Smoke Ordinance, one of 
the features of which is that it permits a rather large 
amount of smoking. Interesting data on the relative thermal 
efficiencies of steam and producer gas plants will be found 
in the abstract of R. H. Fernald’s paper before the Franklin 
Institute on Producer Gas trom Low Grade Fuels, while a 
new development in surface combustion boilers, and data of 
tests of this type of steam generators are deseribed in a 
paper on the Bonecourt Boiler published by the Institution 
oft Electrical Enginers (London). 

W. A. Converse, in a paper before the Railway Club of 
Pittsburg, considers some ill effects of boiler feed 


trom the point of view of the analytical chemist, and throws 


waters 


a good deal of light on some phenomena which cannot be 
said to be generally well understood, such as, e.g., the rela 
tion between presence of scale and corrosion. 

Other abstracts refer to the 


flow of metals 


under large 
constant stresses, 


FOREIGN REVIEW 
Aeronautics 


AcTION OF A RapipLty Varying Winp ON a WING OF AN 


AEROPLANE (Effet exercé sur une aile par un vent rapide- 


ment variable, Protessor <A. Latay, La Te hnique moderne, 
vol. 8, no. 9, p. 329, May 1, 1914, 3pp., 4 figs. eA). 


made on models of aeroplane wings or on actual support- 


Tests 


ing planes are as a rale exclusively statie and the blast of 
air produced by the blower and used for the test is main- 
tained in a permanent state during the duration of each 
test. In this case, an attempt was made to study the same 
cases under dynamic conditions, that is, to investigate the 
variable stresses produced by a blast, the direction and in- 
tensity of which vary rapidly. For this purpose, a special 
aerodynamometer has been constructed in which very feeble 
elastic deformations are used to balance the foree applied. 
The latter can be evaluated by means of optical amplifica- 
tion. With this apparatus, it has been found that when 
the wind jumps at an amplitude of twenty degrees in less 
than a 0.1 second, the stress exerted at any instance differs 
not more than by one tenth from that which corresponds to 
a’ permanent state of operation, with the same intensity and 
direction of blast as prevails at that instant. If one con- 
viders the relative motion of the flying element with respect 
to the air, it follows from this that one may deduce from 
suitably arranged static tests, the data necessary for the 
calculation of the stresses produced in the apparatus under 
given stresses such for example as those which arise when 
an air-ship straightens rapidly after a jwap or during its 
entrance into an ascending or descending current of air. 
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Fuels and Firing 

SMOKELESS Bower Furnace (Fine rauchlose Nessel- 
feueruny, Vv. Pasinski. Rauch und Staub, vol. 4, no. 9, p. 
137, June 1914. 3 pp., 2 figs. de). The article describes 
what is claimed to be an absolutely smokeless boiler furnace 
which in addition is very economical with respect to fuel 
consumption under various conditions including overloads. 
This is the Gartner furnace, shown in Fig. LA. It has neither 
special stoking apparatus nor complicated mechanism for 
regulating the firing. The system represents a type of ex- 
tended furnace with a trough grate, the coal falling through 
an inclined shaft from laterally located bunkers onto the 
grate trough. It undergoes, at the edge cf the trough, a 
preliminary gasification, and is then perfectly gasified by 
sliding down towards the middle of the grate. Over the 
grate at a sufficient height and directed towards the boiler, 
is placed an arch structure; as a result there is a large fire 
chamber which permits not only the free development of the 
flame of coal rich in volatile matter but also facilitates com- 
bustion through the heat radiated from the arch. However 


Ql 
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coal as compared with the former horizontal grate installa- 
tion amounted to as high as 29 per cent. 


CONTRIBUTIONS TOWARDS THE CONSTRUCTION OF SCIEN- 
TIFIC AND TECHNICAL FOUNDATIONS OF THE Peat Fur. 
pustryY (Beitraége zum Aufbau der wissenschaftlich-tech- 
nischen Grundlagen fiir die Brenntorfindustrie, Protessor 
C. Blacher and W. Duglas. Feuerungstechnik, vol. 2, no. 
19, p. 321, July 1, 1914, article not finished. ef). The 
authors present the first report of the laboratory of chem- 
ical technology of the Technical High School in Riga 
(Russia) on the subject of the establishment of scientitic 
and technical foundations for the peat fuel industry. This 
is a subject of considerable importance in view of the lack 
of data for the determination of the peat value of bogs. 
Hitherto, some of the best classificators, such as Walgrens, 
limited themselves to such expressions as “very good,” 
“bad,” “very pure,” “very impure.” ete., without, how- 
ever, giving a precise basis for the determination of the 
fuel value of the material and it is just with respect to 


Fic. 1 GARTNER SMOKELESS BorLer FURNACE 


favorable these conditions may be for good consumption, 
there must be also a liberal admission of preheated air of 
combustion, and this is effected by making the air enter 
the wide passages (Fig. B) over the arch of the fire cham- 
ber where the air is preheated and reaches the vertical pas- 
sages of the front (under the grate) while it is quite hot. 

ln order to make this firing as adaptable as possible to 
various conditions of operation, a sidestrip of the grate is 
provided with a separate air admission which may be shut 
off by a valve shown in Fig. A, and in this way it is pos- 
sible to vary the active grate area of 1.8 cm (19.3 sq. ft.) 
without interfering with the process of combustion, by 
about twice 0.5 qm or 5.3 sq. ft. This side section of the 
grate having its separate air admission, can be operated 
also on compressed air which gives a further possibility of 
overloading the furnace and makes it particularly adapt- 
able for meeting practical requirements. When it is de- 
sirable to burn coals very rich in volatile matter, the side 
arches are provided with double air admission, which may 
be also cut off by means of a valve. Several tests have 
been carried out and it was found that as a rule the furnace 
operated absolutely without any smoke except when it was 
being cleaned. The author claims also that the saving in 


the determination of the ability to form peat that an exact 
method of classification is very desirable. The authors have 
tried to derive such a method on the basis of the solubility 
ot the humus substances in a solution of caustic potash and 
the determination of that part which remains insoluble in 
this reagent. This method would, however, not be con- 
venient on account of the long time taken in the filtration 
ot the caustic potash and the formation of the deposit, as 
well as on account of the fact that air-dried filters must be 
necessarily used. It was, therefore, found to be more con 
venient to use the colorimetric methods and to determine 
the color of the solution obtained by soaking the peat in a 
solution of caustic potash. The value, with respect to peat 
formation, was expressed by the percentage of humus acids 
or humus substances. In this case by 100 per cent was de- 
noted a solution of the humus substances which after ex- 
traction by caustic potash solution and by hydrochloric acid 
appeared as speck peat. When both methods, the quanta 
tive and the colorimetric were compared, it was found that 
substances soluble in caustic potash gave different values, 
which would indicate that the caustic potash solution dis- 
solved, in addition to coloring substances, a considerable 
amount of non-colormg substances, and it is yet a difficult 
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question to say whether these latter non-coleoring substances 
have any value in the formation of peat fuel. The adapta 
hnlity of the colorimetric method for the estimation or humus 
content ot the fuel 


question determined 


peat, lor purpose of determinating 


value, Is) an until it has been 


Which substances give strength to peat formation, that is, 
Which of 


open 
the irreversible colloids soluble in water give to 
peat the gel similar to that found in the constitution of coal. 

Since, however, the final purpose of the investigation is to 
determine the amount of peat formed from a given extrac 
tion, it is, for that particular purpose, actually indifferent 
where the percentage value obtained represents actual con 
tents of the 


values 


important heat substances or gives purely 


empirical representing an sub 
What is nec 


under similar cir 


increase of these 
stances during the process of peat formation. 
essary, is to obtain which 


some pore 


cumstances, would always give similar values. After numer 
ous tests, the following process has been worked out: 0.2 ¢. 
of water-free peat were covered with 50 eu. em. of water 
to which were added 3 eu. em, of a 50 per cent potassium 
solution. The whole boiled for an hour and the water level 
This 
and poured into a graduated glass, filled up to 100 eu. em. 
and poured directly into a filter of 1815 em. Out of the fil- 
trate so dark 


vessel 


maintained by additions of fresh water. was cooled 


obtained, en. 
liquid 10 ¢ 
filled with water. 


em. and in case of very 


1 em. were poured into a 250 eu. em. 


The solutions so obtained which were all 
ot quite different colors were then compared first with one 


another and then with the standard solution in 


order to 
obtain the percentages showing the contents of humus sub 
stances in the peat. The colorimetric determination has been 
done in a Wolf colorimeter. In the course of these tests. it 
proved possible to determine the degree ot peat tormation 


in Various parts of a bog and it was found that as a rule 


a more complete peat formation was found in the deeper 
parts of the bog where the layer was darker in color, while 


elsewhere the layer containing large amounts of ash was 


poorer in humus. During these tests, it was found that the 


color of alkaline humus selutions was 


not permanent and 


on this account investigators resorted to the Russian stand 
ard solution used for the analysis ot sewage waters, and 
10 ot Fe Cl 


7 HO together with 10 en. em. of concentrated 


prepared in the tollowing manner: and 2.5 


of Co SO 


hydrochlorne acid were dissolved in a liter of water and 100 
cu. em. of this solution passed into a vessel of the Wolt 
colorimeter. In the other vessel was placed the solution the 
Value of which was investigated and the column of liquid was 
reduced until its color corresponded to that of the 100 eu. em 
standard solution. The authors attempt to express the fac 


tor of elimate numerically and further proceed to a brie! 


consideration of the use of peat as a domestie fuel. (This 
Article is not Finished) 
Gas Engineering 

Tue Gas System or Puaxts (Die Gas 


cirtschaft auf Eisenhiittenwerken, A. Rummel, Zeits. des 
Vereines deutscher Ingenieure, vol. 58, nos. 29 and 30, pp. 
1153 and 1216, July 18 and 25, 1914, 13 pp. gp). The pres- 
ent article investigates what the author calls a gas system 
of a metallurgical plant, that is the methods of produetion 
and utilization of gas obtained in connection with the va 
rious primary operations of the plant. It is to a consider- 
able extent of descriptive nature and naturally has reference 
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almost exclusively to German conditions. Jn the main, the 
author points out the great development of the utilization 
of gas in metallurgical plants which has taken place of 
late. 

is the 


It is very difficult in many cases to determine what 


most economical way ot obtained 


and each particular case in every work has to be determined 


utilizing the gas 
in connection with the local conditions existing therein. It 
is a good plan to consider for this purpose each ceoke-oven 
plant or blast furnace as an manufacturer 
striving to sell his gas, even though a by-product, at the 


best price obtainable. 


independent 


On this basis, a system may be de 
veloped for establishing the values at which the gas may be- 
come available for different purposes, the prices of the gas 
thus determined not being necessarily the same in each case. 
This method ot considering the gas produang sections of the 
plant as private and independent enterprises, is both con- 
venient and productive ot good results. The 


of gas in the: plant can pay for the gas a price only high 


different users 


enough to enable them to work with it at rates not more ex- 
pensive than if they were using some other fuel available, 
for example, coal. The author makes his comparison main- 
ly, therefore, on the basis of a comparison of the cost of 
1000 calories in good coal and a similar amount of 
units In gas, 


heat 
In so far as examples taken trom actual prae- 
tice permit of drawing conelusions as to veneral rules, it 
appears that in the normal case it is the most economical 
system to consume the gases produced by biast furnaces, in 
the power-house of the plant; in the first place for produe- 
ing the blast, in the second, for current generation, and, 
finally, tor driving the gas blowers of the steel mills. Next 
comes the use of gas as fuel in the steel mills and rolling 
mills, as well as for the auxiliary plants such as tempering, 
heating, and so on. It is only when there is absolutely no 
other way of utilizing gas that it may be burned under boil- 
ers Which appears to be by tar the least economical methods 
of its utilization. 


The coke-oven gases can best be utilized 


for hehting next, In gas then in 


purposes, engines, open 
hearth furnaces, and finally, in the least economical man- 
ner, under boilers, With these conditions in view, it ap- 


pears that in the metallurgical plant the gas engine is sub- 
stantially superior to the steam turbine, no matter how the 
steam for the turbine is generated, that is, whether gas fired 
or coal fired boilers. It is not meant of course that steam 
is not to be considered as a prime mover tor metallurgical 
plants. The author points out where the steam ean be used 
with advantage and what disadvantages there are in its use. 
Exhaust steam turbines have not proved successful in metal- 
lurgical plants, and the main consumer of steam is fourd 
to be the rolling mill whose steam requirements vary with 
great rapidity and with extreme irregularity. This produces 


an extremely economical operation on exiaust steam tur- 
large steam 
the would be 


mechanically, but has too high an initial cost. 


bines, even with receivers. The double pres- 


sure turbine on other hand 


well adopted 
On the other 
hand, the steam turbine in a power plant has the advantage 
of being able to take large peak loads. The author recom- 
mends therefore to use the excess of gas, between the actual 
gas production and the requirements of the gas driven ap- 
paratus in the plant, as fuel under boilers which should be 
equipped in such a manner as to be able to utilize either coal 
or gas indifferently. The steam produced in such a manner 
can be very widely utilized and as shown above, there are 


many cases where steam machinery properly selected is 
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quite suitable to metallurgical work. The author, after 
investigating the proper methods ot determining the price 
of a kilowatt, comes to the conclusion that in many eases, 
steam is preferable for heavy rolling mill drives. 


FortyY-First ConGreEss oF THE (FrReNcH) Gas Trcu- 
NICAL Socrety (AL/-e Congres de la Société Technique au 
Gas, Le Génie Civil, vol. 45, nos. 10 and 11, pp. 192 and 
217, July 4 and 11, 1914, 6 pp.. 5 figs. ode). The forty- 
first Congress of the Gas Technical Society of France was 
held in Paris in June 1914, the regular practice being to 
hold the Congress one vear in Paris and the next vear in 
one of the larger provincial cities. A number of interest- 
ing papers have been presented. Rolland d’Estape re- 
ported his experiments on the behavior of coal previously 
stored under water in storage bins and in furnaces. The 
experiments were carried out with English coal stored in a 
reintoreced conerete evlindrical silo 10 m. (52.8 tt.) high and 
4000 cen. m. (141250 eu. ft.) capacity containing about 3200 
metrie tons (3520 short tons) of coal. The entire strue- 
ture was above the ground in such a manner that both the 
water and the coal could be drawn out by gravity. Pre- 
liminary experiments have shown that (1), coal kept at a 
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only a short time no difference was tound in either the 
quantity or quality of the gas obtained with dry or wet 
coal. 

Mazeran deseribed a centrifugal tar seperator having no 
iovable parts, prov ided with two cells, and based on the 
same principle as the so-called evclone apparatus. If one 
imparts to raw gas a rotary motion in a cylindrical space 
into which it is admitted tangentially with a large fall ot 
pressure, the action of the centrifugal foree brings about the 
separation of tarry particle which enlarge by hitting one 
another, and are finally projected on to the periphery, 
owing to the difference ot density between the condensed 
tar and gas. The growth of the tar particles oecurs in the 
first cell .f (Fig. 2A) and the main separation in the sec 


ond cell B into which the gas flows trom the center to the 
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Fic. 2) A CenrriruGat Tar Separator, B Compcriverer 


certain depth absorbs only quite negligible quantities of 
water, and (2), that the quantity of water retained by 
adherence is proportional to the fineness of the coal (15 to 
20 per cent with fine coal and 1.5 per cent in the case of 
lumps 35 to 50 mm., or 1.4 to 2 in. in size). The coal ean- 
not be dried by simply letting the water run off. It was 
found that, when special valves are opened. the water con- 
tained in the silo runs out in ten and a half hours but 
drippage continues to flow at the rate of about 30 liters (7.9 
gal.) per minute for the first hour and at the rate of |. liter 
(0.13 gal.) per minute after fourteen days. The silo was 
filled up to two-thirds of its height with run-of-the-mine 
coal, containing 40 per cent of breeze, and in the upper 
third with three separate lots; run-of-the-mine, lump coal, 
and run-of-the-mine cleared of dust. Sample quantities 
of 20 tons each were taken from each of the three lots of 
coal. The run-of-the-mine coal which contained 9.8 per 
cent of water when coming out from the silo three days 
later contained only 6.2 per cent when it reached the dis- 
tilling rooms, while in the large lumps humidity has gone 
down 3.6 and even 2.8 per cent. The 600 tons of coal dis- 
tilled during these experiments have not caused any appre- 
ciable fall in the temperature of the furnaces. Calceula- 
tion shows that vaporization of 6 kg. of water per 160 
kg. of coal ought to increase by about 4.5 per cent the 
combustion of fuel. Since the coal stayed in the silo for 


periphery. Previous failures of similar apparatus was due 
to working on variable output, as a result of which, it often 
oceurs that the velocity of rotary motion of the gas is too 
feeble to be efficient. 

A. Guillet in a paper on Purification, investigates a cu- 
rious anomaly in the purification of gas by suecesstully 
passing it through three purifiers. It appears then that the 
gas which has not been completely purified in the second 
stage does not materially change its composition while pass 
ing through the third stage. This phenomenon can be ex- 
plained by admitting that there is a certain ratio between 
the quantities of hydrocyanie acid and hydrogen sulphide 
in the gas at which hydrogen sulphide does no* any more 
convert oxide of iron into a sulphur compound. Hydro- 
evyanie acid may in fact decompose iron sulphide and set 
at liberty the hydrogen sulphide present. Therefore, it is 
quite admissible to believe that in the midst of a gaseous 
mass containing hydroeyanie acid, oxide of iron and hydro- 
gen sulphide may be placed side by side without any chem- 
ical reaction between these two latter bodies taking place. 
This would explain why the gas containing small amounts 


of ammonia is purified easier than gas previously well 
washed. Very often hydrocyanic acid and hydrogen sul- 
phide are absorbed together, but at a velocity which varies 
in accordance with external conditions. If two per cent of 
air be present, the hydrogen sulphide is absorbed first, in 
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the first stage of the purifier, and the hydroeyanie acid 
next. in the seeond stage. The author comes theretore to 
the conclusion that i a plant washes out the hydroeyvanic 
acid by the wet method in a preliminary manner, the use 
of purifiers in three successive stages is an error, and it 
Is more sensible to vroup the purifiers so as to have only 
two passages of approximately equal surtaces. lle reeom- 
mends also not to change the body ot the first stage until 
a sulphurization is started in the second stage. The ex- 
cess of oxygen in the gas alter passing the first stage 
charged with fresh material is sutliclent to regenerate the 
second stave, the service of whieh may be prolonged there 
lore several Vears. In the discussion which tollowed 
Mallet stated that when the gas comes out unelean from the 
third stage, that means that the livdrogen sulphide and the 
bydrocvame acid therem are in a state of equilibrium which 
does net permit purification at the usual velocities of Lrom 
two to four mm. (0.078 to 0.157 in.) per second. 

In the next paper, Grebel and Velter give an account o! 
comburimetrie tests and a deseription of the comburimeter 
designed by Velter. The comburimeter is an apparatus used 
for determining the quantity of air necessary tor the per- 
feet combustion of a gas. The essential parts of the com 
haurimeter shown in Fig. Bare as follows: The entrance of 
the gas at J is regulated by the needle p which closes more 
or less the orifice of the Injector 7. Another device connected 
vith the injector permits to regulate the admission of pri- 
mary air to the burner. In moving forward and back, the 
-<erew e carries with it the disk d of the injector (not shown 
on the drawing), and throttles at d more or less the en- 
trance of the portion of the total air wiach. as primary 
air, is admitted to the burner along the path shown by the 
arrow. The next essential member is the air admission 
chamber B, which may be closed air-tight by the valve ©. 
The movements of this valve are regulated by the indexed 
serew V, moving in front of a graduated drum 0. As a 
rule, the air necessary for the working of the comburi 
meter is brought in by the dratt of the chimney A across the 
throttled annular orifice between the valve C and its seat. but 
cock P located on the side permits the admission of a certain 
amount of measured air into the chamber 2, even when the 
valve © is closed entirely, The next essential element is the 
annular burner G. A part of the air admitted into the 
chamber #B mixes at d with the gas coming trom the in- 
jector ¢, while the other part of the total air is distributed 
in the central space and in the peripheral chamber /. The 
fourth essential element of the apparatus is constituted by 
the combustion chamber // and the control chamber H’ lined 
with asbestos and separated by a ftire-clay diaphragm = pro- 
vided with a calibrated opening J. Both of them end in 
an identical diaphragm J. In the chamber H’ is located 
the central support C, the purpose of which is to carry a 
cupelling crucible made of fire-clay tor absorbing the oxide 
of lead during the tests; it contains a contrel piece of lead. 
A chimney of blackened copper fitted to the combustion 
chamber and consisting of a central tube A, with a spy 
window L, the bottom of which is enclosed in a erystal eyl- 
iuder jacket A’, finishes the apparatus. 

In order to determine whether the quantity of air ad- 
mitted into the apparatus does or does not produce perfect 
combustion, it is sufficient to observe the surface of the lit- 
tle lead bath through the spy window L. In a reducing 


« 


atmosphere, the bath appears darker than the eupel. It 
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reflects mirror-like on the walis of the furnace. In slightly 
oxidizing atmosphere, the surtace which darkens right away, 
is covered by tongues of colored oxides, running im all 
directions; when the ratio of gas io air is within close lim- 
its, that 1s in the neighborhood ot pertect combustion, the 
appearance ol the surface ot the bath trequently passes 
from one state to another. As a criterion of neutrality of 
combustion must be taken the tendency of the litharge 
tongues to disappear and not to appear. from experiments 
made by Bertin, it appears that the sensibility of the com- 
burimeter is perfect and the slightest variation in the pro- 
portions of the air causes the appearance or disappearance 
of the colored tongues on the surtace of the bath. In fact, 
the lack ol oxveen Is more rapidly indicated by the disa) 
pearance of litharge coloring on the surtace of the lead 
bath than by the carbonmonoxide reaction over the 1odix 
acid. This apparatus permits also to determine the rela 
tive comburivority ol a gas by operating with a constant 
opening of the air valve C. A turther advantage of this 
apparatus is that it permits the control of manutacture ot} 
the most different gases, even such as do net produce any 
lighting effects, the latter not being possible with such indi- 
cators as those of Lowe and Metlhiwen. 

igeard presented a paper on the causes of internal at 
lacks on cast iron poping. He mentioned that at Angers, 
small diameter cast iron pipes have been obstructed by 
spongy brittle deposits containing up to 40) per cent of iron, 
sulphur and silica. The interesting fact is that the large 
proportions of sulphur and silica, such as determined by 
analysis, in the deposits do not correspond to the small 
proportions ot those bodies in cast iron. In the discussion 
the opinion was expressed that the sulphur and hydroeyanic 
acid, also found there, may be due to incomplete cleaning ot 
the pipes. 

The Meter Company exhibited a device for insuring the 
safety of gas meters in night time. Instead ot closing the 
main cock, the consumer may before going to bed turn this 
device in such a manner as to permit the flow of only a hm- 
ited quantity of gas, suilicient for any purpose of lighting 
during the night time, but too small to cause any accident 
in case of a leak. Further, a safety valve prevents the 
danger of excessive leaks due to forgetfulness in closing 
the main cock after the meter has been put into normal 
service and acts automatically in case of a leak in the inter- 
val piping. 

Masse explains very clearly the principle of establishing 
« rule of calculation of gas conduits. As a rule, use is made 
of the Aubuisson tormula 

Oh 
where / denotes loss of head in mm. of water, Y output in 
cu. m. per hour. L, length of conduit in meters, D, its diam- 
eter in centimeters, hk a coeflicient which varies with various 
investigators (Monnier makes k = 0.84). After numerous 
experiments on cast iron conduits, Aubéry has adopted the 
following formula: 
QO 1.85 
= 1625... 
4.2 
corresponding to a density of gas equal to 0.44. This rule 
permits in general the solution of problems relating to the 
transportation of gas through a conduit of any length. In 
the discussion which followed, Grebel called attention to the 
fact that the formula of Aubéry is close to that of Monnier 
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and Blaess where the output is a function to p, p. (p, exit 
pressure, p, entrance pressure) and not the more modern 
formule of Unwin and the Chicago Gas Companies where 
the output is a function of p, — p 2. On the other hand, how- 
ever, this formula could be made to show an agreement with 
the results of the experiments made by the French Suburban 
Gas Company with the formule where the loss of head 
Pp, — isa function of the output raised to the 0.85 power 
while in all the formule, ancient and modern, the second 
power is adhered to in accordance with the theory of flow 
of fluids in pipes. 


Hydraulics 

HyproeLectric INSTALLATION IN Kapyita (Jnstallation 
hydro-électrique en Kabylie, L. Neu. Mémoires de la So- 
ciété des Ingénicurs Civils de France, ser. 7, vol. 67, no. 5, 
p. 597, May 1914. 11 pp., 8 figs. d). The article describes 
a hydroelectric installation in Kabylia, Africa. The instal- 


rection, this motion being transmitted later on to the gates 
ot the turbine by means of the lever #7 connected with the 
governor shaft W. 

The rotary pumps can deliver a working pressure up to 
10 atmospheres. The distributing valve is perfectly bal- 
unced; the levers a, b, and ¢ provide for its return to its 
middle position, and a very small displacement of the dis- 
tributing valve is suflicient to start immediately the servo- 
motor. All changes in speed resulting trom a retardation 
of its functioning are suppressed owing to the imeompressi- 
bility of the oil which is used to insure the instantaneous 
action of the speed regulation. The hydraulic pressure aet- 
ing on the servo-motor does not act all the time. but goes 
into action only at the very instant when the speed regula- 
tion has to take place, its value being proportional to the 
resistance offered by the governing organs of the turbine 
water supply system. It it is desired to stop the action of 


the governor while in operation without at the same time 
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Fic. 3) Minetri1 Hypraviic TurBINE Speep REGULATOR 


lation uses a double type Francis water wheel provided 
with a Minetti speed regulator with a servo-motor operated 
by oil under pressure. Fig. 3A and B show the construction 
of this regulator. Its essential parts are the piston K mov- 
ing in a eylinder C, the two high pressure retary pumps 
P, and P., distributing double seat valve Vo and ftly-ball gov- 
ernor T. Each of the ends of the evlinder communicates on 
ene hand with the delivery piping of one of the pumps and 
on the other hand with a discharge passage .1, or A, open- 
ing into the reservoir PR. When the engine runs at a normal 
speed, the valve 1° which controls the openings .1, and A 
Is ll 


its imiddle position and therefore leaves open equal 
amounts of cross section of the two passages, so that the oil 
carried into the eylinder can return back to the reservoir 
Without exerting any pressure on the piston. But as soon as 
the speed of the engine begins to decrease or increase as com- 
pared with normal speed, the valve V’, in consequence of a 
variation of the work of resistance, is shifted under the 
influence of the centrifugal governor and comes to cover up 
one of the discharge passages. ‘Then the oil delivered by 
the pump on the closed side, not being able to return to the 
reservoir, forces the piston to move in a corresponding di- 


stopping the pumps, the valve is lifted and both ends of the 
eylinder ( placed into communication with one another. This 
valve also acts as a safety valve by limiting the maximum 
pressure in the apparatus to that necessary tor overating 
the gates on the turbine plant, and comes into action in case 
of accidental ruptures which may oceur when a hard body 
gets into the turbine regulation device. The time required 
for closing is about three seconds, the regulation ot the tar 


bine being practically instantaneous. 


Internal-Combustion Engineering 

Moverx Coouing Devices ror Use on INTERNAL Com- 
EUSTION ENGINES (Neuere Nihleinrichtungen fiir Verbren- 
nungsmotoren, Dr. F. Georgius, Dinglers polytechnisches 
Journal, vol. 329, no. 29, p. 455, July 18, i914, 3 pp, 8 figs. 
The article deseribes modern devices for cooling in- 
ternal combustion engines. While the cooling forms a very 
important part in the operation of internal combustion en- 
gines, one of the most dangerous occurrences as far as the 
life of the eylinders is concerned is the rapid variation in 
temperature and stresses produced thereby, due to the sud- 


den flow of cooling water after it has been interrupted for 
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u time through some cause. For a long time, water was the 
main cooling agent, but lately the Augsburg-Nurenburg 
Machine Company has turned to the use of oil with which 
very good results have been obtained in the engines sup- 
pled te the Dutch warships. The oil in this ease runs in 
a closed circuit and is cooled by a flow of water. It is 
pumped under a pressure of from 2.5 to 5 atmospheres, 
and is used both for cooling and in some instances for 
lubricating, as for example in main bearings, driving-rod 


and erank shaft. The present article describes the cooling 


Fig. 4 Devices ror Ust 


devices placed on the market by Krapp, the German Gen- 
eral Electrie Company, Goudard & Mennesson, Liingerer & 
Reich, Daimler Motor Company, Kreul & Hesselman. An 
interesting solution of the problem of cooling is presented 
by Kreul. He avoids the use of a special water service 
pump by using a pump placed on the evlinder cover; in 
this pump the extension of the piston red works as a_pis- 
ton as shown in Fig. 4A.) The pump a ts placed over the 
eylinder cover f and the piston red b acts as the piston of 
this pump. The liquid handled by the pump is conducted 
by the pressure pipe d on to the eylinder e and the eylin- 
der covers f and g. The water cireulation takes place 
through the piston rod b which is for this purpose pro- 
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vided with a non-return valve k; during the suction stroke 
this valve opens; during the pressure stroke the water is 
compressed partly through the piping d and partly by 
means of the piston rod b. As a result no separate drive tor 
the cooling water circulation pump is required. This ar- 
rangement, however, can be used only in the case of engines 
which have space available for the pump over the cylinder 
cover, 

For engines in which the fuel injection nozzles are located 


on the eylinder cover, it is advisable to have a special sys- 
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tem of cooling the nozzle passage in the cover. To do this, 
Ifesselman (Figs, B and C) provides for a special water 
chamber around the fuel passage in the cover separate from 
the general water chamber. The opening in the cover is 
divided by the wall @ into two spaces b and ¢, 


with one another by the passage d. 


connected 
The outer chamber is 
connected by the opening e with the water jacket of the eyl- 
inder while the water runs away through the passage f. 
Radial grooves g are used in order to prevent the water 
coming in through d from flowing through the inner space 
b im a peripheral direction and to force the water to run 
along the walls of the nozzle passages. 

When the cooling liquid is not brought in through the 
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piston rods, special pipes attached to the piston and dip- 
ping into a fixed tank are used. In order to provide for a 
good packing of these pipes in the tank walls, the German 
General Electric Company uses the gaseous pressure me- 
dium flowing in a direction opposite to that of the cooling 
medium. For example, if an internal combustion engine 
with opposed pistons such as is shown in Fig. D is used, 
than the cooling medium (in this case, water) is brought 
on to the lower piston by a pipe d and another pipe e fixed 
to the piston and having a slight play between it and d. 
The liquid which leaks between the pipes d and e is caught in 
the tank f through the upper wall of which the pipe e, pro- 
vided with mechanical packing, passes through. The leak- 
age is then conducted away by the pipe gy. The cooling 
water, at a higher temperature, after it has done its work, 
is taken away trom the piston through pipe h and tank i. 
The upper ends of the tanks / and i, permitting a passage 
of the pipes e and h, are provided with chambers j which 
are connected with the scavenging air tank 1 by the pipe k. 
The air compressed to a pressure above atmaspherie, reaches 
from the tank J into the chamber j and from there through 
the pipe packing in part directly into the atmosphere but 
mainly into the tanks f and i; while passing into this latter 
it forces the liquid back into them and thus prevents the 
lubricating oil from getting into the driving parts as well 
as mixing with the cooling water. The air itself is later 
on allowed to escape together with the leakage of the liquid. 
In the case of the cooling arrangement of the upper piston 
which in all other respects is designed in a similar manner 
to that ot the lower piston, the admission pipe d and re- 
turn flow pipe hk open into the same tank m, the connec- 
tion between the pressure chamber j and scavenging tank 1 
occuring through the pipe k. As a means of packing, may 
be used a part of the air compressed either in the working 
cylinder or in the pumps. The pressure of the air used as 
a packing medium may be regulated by the valve p and 
since the cooling water is certain not to mix with the lubri- 
cating oil, it may be immediately used again after it has 
been cooled to its initial temperature. Another arrange- 
ment used by the same concern in order to prevent a leak- 
age of the cooling medium through a movable pipe connec- 
tion consists in driving the cooling medium through the 
piston and pipe connections not under pressure but under 
suction. In all of these cooling chambers and pipes the 
pressure is below atmospheric, the flow of the liquid being 
prevented thereby. For this purpose any pump may be 
used, and the pressure piping can open into the suction 
chamber. 

Among other types may be used also cooling arrange- 
ments consisting of a rotating tank and stationary pipe 
system. By the rotation of the tank, owing to centrifugal 
foree acting on the liquid, a pressure and suction are pro- 
duced at the openings of the admission and exit pipes re- 
spectively. A cooler designed on this principle by Goudard 
and Mennesson is shown in Fig. E. In this case two drums 
a and a, located side by side on the same axis and inter- 
connected by a bundle of pipes a, are used as cooling cham- 
bers. A stationary system of piping is connected with this 
rotating drum by the central opening in such a manner that 
the liquid is admitted into one of the drums and flows out 
again through the other. The pipe ends 6 and b, have a 
free opening into the respective drums without there being 
any need for packing. The rotation of the drums driven 
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with a considerable velocity by the engine produces without 
any turther appliances a circulation of the cooling medium 
through the joints of the engine. In order to prevent a 
syphonie action which might take place while the engine is 
stationary, the system of piping is interrupted both at the 
admission and exit ends on the cooling jacket. The cooling 
drums are sometimes made of aluminum. Owing to the fact 
that the two drums are connected with one another by the 
system of piping a,, freely surrounded by outside air, a 
good cooling of the cooling water of circulation is produced. 
If necessary, fins ¢ may be added to intensify the cooling 
action. 

The arrangement permitting a rapid cooling of the eir- 
culating water after coming trom the water jacket has the 
further advantage that the supply of cooling water may be 
maintained as low as possible. This cireumstance is of par- 
ticular importance in the case of engines used on vehicles 
of various kinds. In order to achieve this, Liingerer and 
Remwh make the circulating water to come into direet con- 
tact with air (Fig. F and G). A chamber a is divided 
into two by a sieve b. The space is filled with a filter mass. 
The water coming trom the engine jacket arrives through 
the pipe d and thus reaches the atomization pipe e which 
distributes it over the entire cross-section of the cooler. In 
the lower chamber of the cooler an air atomizer f is built- 
in, the upper surface of which is arched laterally and has 
a wave-shaped appearance in the longitudinal direction, 
there being provided at the crests of the waves slots h, 
while in the lower flat surface « there are a number of open- 
ings k. The water entering through the pipe e flows through 
the sieve and the filtering mass, and later on goes again to 
the engine jacket from the lower collecting tank. The air 
to the atomizer f is supplied by a fan driven by the en- 
gine or some similar appliance. It enters into the cooler 
uniformly distributed through the longitudinal slots h and 
flows counter current to the water coming from the engine 
jacket, this ensuring an intimate contact between the cool- 
ing air and the water. The sieves serve to prevent the filter 
mass from packing too tight. The well known system of 
cooling used on the motor cars of the Daimler Company is 
also deseribed in the article. 


STEEL CYLINDERS (Stahlzylinder, F. Klinkenberg. Der 
Motorwagen, vol. 17, no. 19, p. 451, July 19, 1914. 3 pp., 1 
fig. d). While the manufacture of cast iron eylinéers for 
motor traction has reached a high stage of perfection in- 
volving the use of specially adapted high grade cist iron, 
determined efforts are made in Germany to promote the use 
of steel cylinders, especially where the lower weight of the 
latter is a factor of importance. In Germany, a concern called 
the Steel Motor Company Ernst Jaenisch & Co., in Berlin, 
has of late been making a specialty of the manufacture of 
steel cylinders for automobile engines. The manufacture 
has been carried on in a well regulated marner of mass pro- 
duction, with specially cesigned machine tcols and produe- 
tion to close dimensions. The en-bloe type is mainly pro- 
duced. Fig. 5 shows a four eylinder engine cast en-bloe 
$0 mm. (3.14 in.) bore and 130 mm. (4.118 in.) stroke for 
a motor rated at 10 h.p. under the German motor tax rules. 
The general arrangement of the valves and suction and ex- 
haust connections does not differ from normal construction, 
but one can see the extreme care taken in the execution of 
the passages, valve chambers and cooling water jackets. 
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The walls, contrary to what is done in the case of cast iron 
cylinders, are made extremely thin and in some places, for 
example the cover and cooling water jackets, are approxi- 
mately not more than thin sheet steel; even the valve cham- 
| ber plugs are nothing but light steel pieces. The suction 

passages are, in accordance with the modern practice, placed 
inside the cylinder block while exhaust piping is located 
on the outside and held by means of thin flanges. The pur- 
pose of locating the exhaust piping on the outside is to give 
a chance for better cooling since when, experimentally, the 
piping was placed inside the evlinder block. it resulted in 
an irregular and one-sided heating of the block and extreme 
stresses in the material. 
also very light 
0.078 in. thick. 


The cylinders are made of an excellent special grade ot 


The bend in the exhaust pipe is 


and consists ef thin steel piping 0.059 to 


steel and machined throughout. They are adapted to any 
compression pressure which may arise and can withstand 
ior a long time all possible stresses, which is not the case 
with the ordinary steel evlinder with the head simply welded 
in. The valve guide bushings are made of a special steel 
casting and either set in or pressed in in the corresponding 
steel sleeves of the block body without requiring any fur- 
ther means of fastening. A special process not described in 
the article is used for joining the evlinder with the water 
jackets and the latter with the cover (from other informa- 
tion it would appear, autogenous welding is used for this 
purpose). The machining of the inside of the evlinder is 
done in a very simple manner, the cylinder being bored and 
then simply reamed with a reamer of suitable dimensions. 

There might be some trouble from the difference between 
the cast iron piston rings and the steel evlinder; it is, how- 
ever, known that the surface of the east iron evlinder hard- 
ens within a short time so that the conditions of working 
in the steel and cast iron evlinders are about the same and 
no trouble worth speaking of has been observed hitherto in 
the operation of steel eylinders in this respect. With re- 
spect to cooling water circulation, it is essential that the 
cooling water after its entrance into the cvlinder block be 
admitted directly and automatically under the hot exhaust 
valve chamber before it is allowed to rise further: for this 
purpose, special passages are provided which can be seen 
on the figure of the block looking from above under the 
cross-section of the suction pipe. The design shown in the 
drawing involves cooling by means ef a pump, but there is 
also a special construction with automatie cooling by the 
thermo-syphon system. 

Three main advantages are claimed for the steel eylinder 
of this type of construction: In the first place, low weight, 
approximately one third of that of the eylinder of equal 
output in east iron, which is of importance for automobile 
construction; in the second place, the uniformity in the dis- 
tribution of material and possibility of using thin walls for 
the cylinder water jacket, exhaust piping and so on, permit 
very advantageous effects in the introduction and dispersal 
of heat. The thermal efficiency of an engine and its out- 
put, especially when operated at a constant foreed load, 
depend to a very high degree on the transmission of heat 
to the cooling water and the dispersal of heat to the atmos- 
phere, and the advantages presented in this respect by the 
use of steel permit higher compression pressures than would 
be the ease in similar cast iron eylinders. The third im- 
portant advantage is the possibility of using the exact 
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shapes and dimensions inside the cylinder block which are 
required by the designer of the engine, without having to 
count with the eventualities of casting as is the case in cast 
iron cylinders, The use of steel permits the employ of any 
means of construction and any variation of cross-section of 
passages. The main disadvantage of this type of construe- 
tion is its higher price; this, however, depends materially on 
the extent and method of manufacture and may not count 
so much in view of the important advantages lying on the 


other side. 


Pumps 
CONCERNING THE CALCULATION OF Water-JeT Ain PUMPS 
(Zur Berechnung der Wasserstrahl-Luftpumpen, Professor 
C. Pileiderer, Zeits. 
58, no. 24. p. 965, June 13, 1914, and no, 25, p. 1011, June 
20, 1914, 12 pp.. 16 figs. ted). 


ods of calculation of so-called water-jet pumps; that is, de- 


des l ereines de utsche r Inge nie ure, vol. 


The article presents meth- 
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vices in which the kinetie energy of the water jet is used to 
deliver gases, such as air, from a level of low pressure to a 
level of high pressure. The author derives a fundamental 
equation of the water jet pump, and shows that the nozzles 
of these pumps, when low suction pressures are used, must 
have contracting-expanding cross sections such as are used 
He shows further the conditions which 
lead to an oscillation in 


in the Laval nozzle. 
the air vacuum and cause inter- 
ruptions in the operation of the pump. He develops a prov- 
ess which gives means to prevent the interruptions in the 
He 
determines further the efficiencies of water jet pumps and 
proves that such a pump works the more efficiently, the 
higher the velocity of the water and the smaller the amounts 
of water, on condition, however, that the amount of water 


flow of water and undesirable variations in its velocity. 


is still sufficiently large to handle the respective amount of 


air to be delivered. He gives several examples showing 
processes used in the calculation of jet pumps and distin- 
guishes between nozzles with a straight central line and annu- 
lar nozzles and shows that in the case of the latter the cir- 
cular motion of the water requires the use of special equa- 
tions. He proves further that water jet pumps actually 
behave like piston pumps with an infinitely small clearance, 


in so far as they have a tendency to maintain the amount of 
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air taken in constant, notwithstanding the variations in the 
suction pressure. 


THe Cuain Pump (Die Spiraldrahtpumpe, Kraft 
und Betrieb, vol. 3, no. 6, p. 89, June 27, 1914, 1 p., 2 figs. 
de). In The Journal August 1912, pages 1252 and 1253. 
was deseribed and illustrated a new device for raising liq- 
ids consisting of a closely wound spiral with the chain 
inside designed by the French engineer Bessonet-Favre. At 
that time, no precise data of tests was available. The chain 
pump of this design presents certain advantages in being 
able to handle equally well cold or warm, clean or dirty 
water, and because it has no valves, stutling-boxes or pack- 
ing, it must be very simple in operation and cheap to in- 
stall. The following data of tests may be of interest. To 
convert the data to American units, it is necessary to mul- 
tiply the volume of water given in cubic meters by 35.314 
which will give cu. ft. and the hip. by 748 whieh is the con- 
version constant to change from continental horse power 
to the corresponding American unit. 


TABLE 1 DATA AND TESTS OF A BESSONET-FAVRE CHAIN PUMP 


Diam- Num- 

eter ot ber 
Chain, of 
mm. Wire 


Output and Power Consumption for a Delivery Head of 


10m. 20m. 30m. 410m. 50m. 60m. 

24 l 3900 3650 3350 ebm. per hr 
0.25 0.5 h.p 

27 1 4500 $350 4150 3900 3600 3250 | ebm. per hr 
0.3 0.45 0.6 07 0.8 1.0 h.p 

32 l 5500 5300 5100 4900 4700 4500  cbm. per hr 
0.35 0.55 0.7 OS 1.0 1.2 h.p. 

40) 2 10000 9800 9575 9325 9050 8750 | ebm. per hr 
0.6 1.0 1.2 1.8 ee 2.1 h.p. 

55 2 15000 | 14600) 14200) 13800 | 13400) 13000 | ebm. per br 
09 1.5 i 2.2 2.6 3.0 h.p. 

62 3 20000 | 19500 | 19000) 18500 | 18000) 17500 ebm. per hr. 
1.1 2.0 2.3 2.9 3.5 4.1 h.p. 

SO 3 30000 29500 =29000 28500 | 28000 27500 ebm. per hr 
1.75 2.9 3.5 4.5 5.4 6.3 h.p 
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Friction (Testa) Tursines (Les turbines frottement ou 
Tesla, Professor E. Mérigeault. Revue de Méchaniques, vol. 
34, no. 6, p. 538, June 30, 1914. 7 pp., 6 figs. t). The ar- 
ticle gives an attempt at construction of the theory of the 
Tesla turbine as well as a discussion of its theoretical efti- 
ciency. As regards the possible improvement of this type 
of turbine, the author states that it lies in the direction of 
deereasing as far as possible all internal friction which 
causes loss of efficiency, and recommends the following meth- 
ods. First, to use disks, the internal and external radii of 
which are close to one another so that a molecule of water 
may escape after having made a single turn. At any instant, 
therefore, there will be present only one spiral of eurrent 
and this spiral will approach in its shape an are of a cirele. 
Second, to add to the disks, spiral transverse partitions 
directing the current which are so close to one another that 
they will be like a streamline passing in a channel between 
two successive partitions. In this way the eurrent of fluid 
will exert on the entire periphery a friction against metallic 
walls combined with a movable wheel. Here again each 
spiral will come very close to an are of a cirele. 
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Evaporation Test OF A Steam BorLer EQuiprep WITH 
IMprovED Werer GaAs Firing 
emem mit der verbesserten Wefer-Gasfeverung ausgerii- 
steten Dampfhessel. A. Biitow and O. Dobbelstein, Glick- 
auf, vol. 50, noe, 26, p. 1030, June 27, 1914, 2 pp.. 1 fig. 


(Verdampfungsversuch an 


de). This article is practically a continuation of the article 
on the same subject and by the same author, abstracted in 
The Journal, July 1912. page 1118, where previous tests of 
the same system of firing on a double boiler have been re 
ported. Since then the Weter system of firing has been 
improved and reconstructed in the form shown in’ Fig. 6. 
The coke-oven gas passes from the gas chamber a through 
10 pipes b into boiler openings ¢ of the graphite body 
where it mixes with the air entering through the annular 
sliding valve e and burns up in the fire room f. The entire 
burner is set in a evilindrical extension g of the firebox 
frame. The firebox is directly connected with the external 
atmosphere by a centrally located pipe 200 mm. (7.87 in.) 
inside diameter: in the former design this pipe was closed 
by the loosely lving explosion eover, which tow lies over the 
eas chamber: the new arrangement has the advantage of pro 
viding a larger free cross-section for possible explosion 
shocks. In the older design, there were only 25 gas ad 
nussion pipes which formed a closed central bundle; the pres 
eut arrangement makes possible a better subdivision of the 
eas, and mixing between the gas and air. The burnet 


openings have been shitted to the end of the tire tube by 
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building the burner into the extension g and by this means 
the fire tube has been made available tor useful heating 
throughout its entire length. Finally, in order te provide 
as large a contact space as possible between the gas muix- 
ture and the incandescent pieces of fire clay and to achieve 
thereby a complete combustion, a layer of pipe-pieces 7 lias 
been placed behind the fire brick grating /#. The arrange- 
ment ef the plant as compared with that reported pre 
viously has been changed somewhat through the installa- 
tion of a gas holder of 40,000 ebm. (1.412.580 cu. ft.) ea- 
pacity which permits to maintain the gas pressure quite 
steady, contrary to what was the case in the former tests. 
The benzol plant has been enlarged so that the gas is now 
practically free from benzol and therefore of a somewhat 
lower value. The tests were made on April 
26, 1914, with a double flue boiler of 115.4 qm. (1135 sq. ft) 
heating surface. 


heating 


Its results are shown in table 2.) A com- 
parison of these data with the data obtained in the previous 
tests shows that notwithstanding the increase in the boiler 
output from 21.83 to 28.38 kg. per hr., the total efficiency 
of the plant went up to 84.6 per cent or increased by 5.4 
per cent. It must, however, be borne in mind that in the 
former tests the heating value of the gas, as obtained by 
analysis, has not been referred to the temperature of deter- 
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nunation. If this facet be taken inte consideration and the 
difference in heating value of 105 WE (189 


he mtroduced 


per Ib.) 
boiler effi 
ciency will be reduced to 5.4 per cent, whieh still shows that 


into the ealeulation, the rise in 
the change in eonstruction has improved the Wetfer boiler. 


rABLE 2.) DATA OF TESTS OF AN IMPROVED WEFER GAS FIRING 


INSTALLATION 


Duration of test Shr 
12 Oatmospheres gage 


Steam pressure 

Feedwater consumption, kg lb 

Steam generation 
from water at O deg. cent 32 deg 
fahr 


deg. faba 


to steam at 100 deg. cent. (212 
and 637 WE (1146 B.t.u 


kg Ib 4204 STOAS 
Steam generation pel hr.. kg Ib 3975. 5 7206 
Steam temperature superheater, deg 


eept. fahr OF 6 
Total gas, volume, cbm cu. ft 5633 198.924 
ebm cu. ft 24804 
0 


Gas volume per hr., 


Pressure, gage, in the gas piping, mim. water 


(aus temperature, deg. cent. fahr B35 0 OS 
Barometer, mim. mereury 755.3 
Composition of gas, per cent 

Co) 16 

1S 

52.2 

CH, 

Heavy hvdrocarbons 1 

N 9.4 
Average composition ol flue gases, per cent 

3.24 

co) 
Excess of au 1 6 times 


Temperature in the fire chamber, deg 


cent. fahr 1425 2597 
Average temperature of flue gases in the 

flue, deg. cent. fahr 225 437 
Results: 
Output of steam at 6387 WE (1146 B.t.u 

per 1 cbm of gas kg Ib. per eu. ft. of gas. 4.65 0 288 
Output per 1 qm of heating surface, per hr. 


kg Ib. per sq. ft 28 .38/2.6 


Saturated steam, per cent. 77.6 
Superheated steam, per cent. 7.0 
Loss through conduction radia- 
tion, per cent. 15.4 
Total, per cent 
Steam (Les éjecto-condenseurs a 


vapeur, Protessor Aime Witz, La Technique moderne, vol. 
9, no. 1, p. 1, July 1, 1914, 8 pp., 14 tig. dee). The arti- 
cle describes various types of steam ejeeto-condensers mainly 
for use with steam turbines such as the Leblane, Parsons, 
Kérting and Delaporte apparatus. The main interest ot 
the article lies in the information given of tests of the latter 
type made by the author at the plant of the Breguet Com- 
pany. The itself known under the name of 
ejectair has been previously deseribed in The Journal, July 
1913, p. 1183. The article deseribes the experimental in- 
stallation used for these tests. 


apparatus 


In the first series of tests 
were determined the characteristic curves of the operation 


REVIEW 
of the ejectair under different temperatures ol the water 


at exit from the main condenser and at admission into 
the small auxiliary condenser placed between the two ejee- 
tors. The name of characteristic curve was given to the 
curve plotted with the fall of vacuum i centimeters ot 
mereury as ordinates, and the admission of supplementary 
air in kilograms per hour as abseissi. These curves should 
be plotted within the regions approximately hall load 
and full load, with and without cooling; the fall of vacuum 
would be expressed wath regard to the theoretical vacuum as 
determined by the difference between the iormal barometric 
pressure of 760) mm, and the vapor tension corresponding 
to the temperature of water in the condenser in millimeters 
The comparison between the characteristics at 


load 
theorem that the fall ot 


of mereury. 
half load and at full 
well 


should have brought out the 


known vacuum referred te 


Theoretical Vacuurr rrespondina to the Temperature 


of the Water drawn fror the Condenser 


4+ 


4 6 8 10 12 \4 16 16 20 
Supplementary Air, in Ka per hour 
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the theoretical vacuum corresponding to a given tempera- 
ture of water tlowing out from the condenser, depends only 
on the amount of air admission and not on the quantity o! 
This 


the condenser 1s pertect. Its more or less approx- 


steam admitted to the condenser. theorem 
that 


imate verifieation ought to give a basis for estimating the 


assulnes 


degree of perfection of the apparatus and its practical 


value. On the other hand, it gives a criterion of the pre- 
cision of the results observed. The comparison betweeti the 
curves obtained with and without cooling from atop brought 
out another fact, namely, that in carrying the curves down 
to the origin of the co-ordinates by means of an extrapola- 
tion, which, however, should not be excessive, a point Is found 
where the action of the cooler is zero. At this point there 
is no more air in the condenser, and the abscissa of this 
point gives consequently the weight of air brought by the 
water of injection. At this point also, the theoretical vacuum 
is obtained, and its position gives a new point of control 
for the observations made, With the characteristics hav- 
ing been plotted and verified in this manner, the values for 


the total air admission can be deduced in grams per sec- 
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ond and per horsepower, and the percentage of the vacuum 
actually obtained can be determined as a tunction of the 
theoretical vacuum for various temperatures of water in the 
condenser. These new results give very interesting graph- 
ical curves obtained by using as ordinates the weight of air 
extricated per second per h.p.-hr., and as abscissw the vaeu- 
ums in per cent of the theoretical vacuum: thus, by taking 
into consideration the possible utilization of the calories ex- 
pended in the apparatus on feeding it with live steam, new 
curves were obtained of great value. The author gives in 
considerable detail the results obtained in his experiment 
both in tabular form and in eurves. On account of lack 
of space, we shall reproduce here only the most important 
eurves. In figure 7, curves 1, 2 and 3 are characteristic 
eurves. One notices that curve 4 of the vacuum taken with 
water coming from the condenser at about 41 deg. cent. 
(105.8 deg. fahr.) and for the purpose of cooling water 
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being used at about 18.5 deg. cent. (05.3 deg. falr.) re- 
mains for a long time above eurve 3 which corresponds 
to the same temperature of cooling water and a temperature 
of 40.5 deg. cent. (104.9 deg. fahr.) in the main condenser. 
For an admission of air of 4.5 kg. (9.9 lb. per hr.), the 
variation is about 18.5 mm. The two curves intersect at 
the origin at a point which corresponds strictly to the 
theoretical vacuum for the temperature of the water taken 
from the condenser which is an important proof of the pre- 
cision of the results obtained. This point of intersection 
has for abscissa the value of — 1.5. The author comes to 
the conclusion that this expresses the admission of sup- 
plementary air due to the water of injection in the con- 
denser and perhaps also due to leakage of some other sort. 
In order, therefore, to find the total air admission, the 
values of the abscisse will have to be increased by 1.5 kg. 
or 3.3 lb. The author also confirms the previously known 
fact that the admission of the air in the upper part of the 
injector produces a less depressing effect than when the air 
is admitted directly into the condenser. 
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BoILers AND Rapiarors (Lollar-Nessel und Radi- 
atoren, Pradel. Zeits. fiir Beleuchtungswesen, Heizungs- 
Liiftungs-Technik, vol. 20, no. 17. de). The author de- 
scribes the so-called Lollar boilers and radiators, a type of 
sectional boilers used to a considerable extent in Germany. 
While coke is the natural fuel for this type of boilers, 
boilers have been also built tor use with brown coal and 
lignite briquettes. Fig. SA shows the eflicieney loss through 
ilue gases and draft in the case of five different loads on the 
boiler. Figs. B and C show the construction of such a boiler 
designed to use lignite briquettes and generate low pressure 
steam. big. B shows the boiler in actual construction and Fig. 
C with the front section removed. The main advantage of 
the Lollar briquette boiler consists in the faet that the firing 
is done on the half gasification principle, the gasification of 
the fuel taking place on an inclined grate which through 
constant shaking is automatically kept free from clogging 
with ashes. The auxiliary air is preheated to a very high 
degree before it reaches the combustion chamber and on 
this account causes the complete combustion of the gases in 
the combustion lying above the grate. This combustion 
chamber is separated from the boiler by pilates of refrac- 
tory material. The admission of the main and auxiliary air 
of combustion oceurs through a common fresh air valve 
operated either by hand or by a separate governor. This 
arrangement has the advantage that the ratio of the two 
kinds of air admitted remains identical at all times and for 
all loads, and in this way a perfect combustion without 
soot formation is secured under all cireumstaneces independ- 
ently of the performance of the attendance. It has been 
many times found that the gases developed during the com- 
bustion of lignite briquettes are apt to cause explosions 
when fresh air is suddenly admitted, thus endangering the 
boiler attendants. In order to prevent the oceurrence of 
such explosions, the Lollar boiler is provided, as shown in 
Fig. B, with the sereen door over which is placed the charg- 
ing door proper. This latter is connected with the air valve 
in such a manner that when it is opened, the air valve closes; 
as a result the air enters in a state of fine sub-division 
through the vet closed sereen door and such gases as may 
have been present in the charging chamber have time to be 
quietly consumed betore the screen door is cpened tor charg- 
ing the fuel. 


Miscellanea 

ComparaTIVE Tests OF MINERAL LuBRicaTING OILS WITH 
AN AppITION OF 1.5 PER CENT OF (Verqieichende 
Untersuchungen von Mineral-Schmierélen mit 15 vl Zusatz 
von Oildag, A. Saytzeff, Zeits. des Vereines deutscher In- 
genieure, vol. 58, no. 29, p. 1174, 31% pp., 8 figs. e¢). The 
article gives a brief account of tests carried out in the 
Laboratory of Applied Mechanics of the St. Petersburg 
Polvtechnie Institute in the Summer of 1915 on the use in 
lubrication of pure oil and oil with an addtiion of 1.5 per 
eent of Oildag. The oils used were the Gargoile Dynamo 
Oil E, and Etna Engine Oil of the Vaeuum Oil Company. 
The tests were made in accordance with the Petroff proe- 
ess for the determination of the coefficient of internal frie- 
tion 7, and, by means of the Martens oil testing machine, 
for the determination of the frictional resistance W and 
the coefficient of friction f. The article gives the data ob- 
tained in the form of tables and curves. It was found that, 
as compared with pure dynamo oils, oil with an addition of 
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1.5 per cent Oildag at temperatures above 30 deg. cent. (86 
deg. tahr.) differed but slightly from one another with re- 
spect to internal friction; it was advisable to add a little 
Qildag to thin oil, mainly when the bearings begin to heat; 
the mechanical friction of thick oils was reduced by about 7 
per cent by the addition of 1.5 per cent of Oildag. In every 
case, the addition of one to two per cent of Oildag resulted 
in material reduction of the consumption of lubricating oil. 
ENGINEERING SOCIETIES 
ASSOCIATION OF AMERICAN STEEL MANUFACTURERS 

As the publications of the Association were not avail 
able at the time of making the abstract, the present informa 
tion has been taken trom the Jndustrial World, vol. 48, no. 
29, July 20, 1914, })- 857. The Association of American 
Steel Manutacturers has printed specifications as revised 
April 21, as tollows: 

Structural and boiler steel. 
Conerete reinforcement bars rolled trom. billets. 
Rail steel concrete reinforcement bars. 

In structural and boiler steel, the principal changes are 
the narrowing of the tensile range for fire box steel from 
10,000 Ib. to 8,000 Ib., and new tables covering the per- 
missible variations in gage and weight of sheared plates. 
These tables replace tables which were adopted by the asso- 
elation in 1896 and which have since been widely copied into 
nearly all plate specifications. The present tables, giving 
percentages of permissible variation up and down respee- 
tively, according to different thickness and widths of plates, 
reter to individual plates rather than to averages. The sub- 
division as regards width particularly is carried out in much 
more detail than in the old tables. 

In the specifications for concrete reimftoreement. bars 
rolled from billets an intermediate grade of bars has been 
introduced, with a tensile strength of 70.000 to 85.000 Tb. 

In the rail steel reinforcement specification, paragraph 
5 (a) reads as follows respecting tests: 

One tensile and one bending test shall be made trom each 
lot of 10 tons or less of each size of bar rolled from rails 
varying not mere than 10 Ib. per yd. in nominal weight. 
Should a test specimen develop flaws or should the tensile 
test specimen break outside the middle third of its gaged 
length, it may be discarded and another test specimen sub- 
stituted therefor. In case a tensile specimen does not meet 
the specifications, an additional test may be made. 


ENGINEERING ASSOCIATION OF THE SOUTH 
Proceedings, vol. 25, no. 2, April, May and June 1914, 
Nashville 


Control of Mississippi Floods, Professor W. H. Schuerman 
Report of Special Committee on Nashville Smoke Ordinance, 
C. H. Simpson (abstracted) 


Report OF SpeciaL COMMITTEE ON NASHVILLE SMOKE 
OrDINANCE, C. H. Simpson (24 pp.. g). The article pre- 
sents some data on the history of the Nashville smoke ordin- 
ance as well as the text of that ordinance. One of the fea- 
tures is that it permits dense smoke for thirty min. of the 
first hour in whieh the boiler is being fired up and twelve 
min. in each hour following should it be necessary to clean 
out or start a new fire. At the present time, Nashville has 
a thoroughly organized Smoke Department. Any person 
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who violates any of the provisions of the smoke ordinance 
except as otherwise provided therein shall be find not less 
than $5.00 and not more than $25.00 for each offense. 


FRANKLIN INSTITUTE 


Journal, vol. 175, no. 2, August 1911, Philadelphia 

Modern Research in the Metallurgy of Lron, Allerton 8, 
Cushman 

Producer Gas From Low Grade Fuels, R. H. Fernald (ab 
stracted ) 

Locomotive Superbeaters and Their Performance (discus- 
sion, abstract of the original article in The Journal, 
August 1014, p. 168) 


Propucer Gas From Low Grave Fuets, R. H. Fernald 
(20 pp., 20 figs. de). The article diseusses the production 
of producer gas from low grade fuel mainly with the view 
ot indicating the commercial conditions influencing the in- 
stallation of low grade tuel producer plants. As compared 
with the steam plant, the producer gas installation is about 
twice as economical, A comparison is made between one 
of the most efficient steam plants in this country, the Inter- 
borough Rapid Transit Company's 59th Street Power Sta- 
tion in New York City, and the theoretical gas plant de- 
vised on the same seale by Mr. Stott, Superintendent of 
Motive Power of the same company. In the steam plant 
out of 970 B.t.u. put into the furnace 100 B.t.ua. are real- 
ized at the bus-bars. In the gas plant in order to realize 
100 B.t.u. at the bus-bars, 465 B.t.u. have to be charged 
into the producer. From a series of tests of a number of 
different Illinois coals, a comparison of the quantity of fuel 
for h.p-hr. required in the steam plant and in the pro- 
ducer gas plant at the Bureau of Mines showed that on the 
average the former required 2.6 times as muneh as the latter. 
The author gives detailed data of the distribution of heat 
in typieal steam and gas plants and passes then to the de- 
seription of the main types of gas producers now in use such 
as the suction type. the up-draft pressure type, the down- 
draft type and the double zone type. 


INSTITUTION OF ELECTRICAL ENGINEERS 
Journal, vol. 52, no. 286, June 15, 1911, London 

Tur Boxecourt Boi ter, C. D. MeCourt (11 7 figs.). 
The article deseribes what is known as the Bonecourt Boiler 
which is a surface combustion boiler. The combustible gas 
and air in the proportions theoretically required for com- 
plete combustion are intimately mixed together so as to 
produce a homogeneous gaseous medium which is then de- 
livered at a high speed into a bed of refractory materiai 
on the surface of which combustion takes place flamelessl y. 
As such a mixture of gas and air is explosive, it has to be 
supplied to the granular bed at a speed greater than the 
speed at which the mixture will ignite in a backward diree- 
tion. It is found that with a combustion proceeding in this 
way, the preximity of water cooled surtaces has no hinder- 
ing effect on it and it is possible to arrange the granular 
bed in relation to the water space as to obtain the maxi- 
mum possible proximity of the water to the heat zone. As 
it is more convenient to pack the interiors of the tubes with 
refractory granules than to surround water tubes with these 
granules, the multitubular type of boiler was the one to 
which this system has first been applied. The boiler tubes 
are closed at their entrance ends by fire-clay’ plugs having 
holes through which the gas mixture passes. The holes are of 
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such cross-section that the speed of flow of the mixture is 
greater than its speed of ignition. In order to cause the 
gas mixture to pass through the apertures in the fire-clay 
plugs with the required speed and to enable the products of 
combustion to overcome the resistance offered by the retract- 
ory packing in the boiler tubes, it is necessary to main- 
tain a certain difference of pressure between the opposite 
ends ot the boiler tubes. The amount of this pressure 
difference required will depend upon the rate of evapora- 
tion. In general, the pressure difference of 15 in. of water 
gage will sutlice for an evaporation of 20 lb. of water from 
and at 212 deg. fahr. per sq. tt. of heating surtace per hr. 
With an increase of the pressure difference, the evaporation 
likewise increases and it is found that the evaporation pro- 
duced is proportional to the square root of the pressure 
difference which is applied. This pressure difference can 
be obtained in one of two ways, either by supplying the mix- 
ture to the boiler tubes under a positive pressure or by 
drawing away the products of combustion at the exit ends 
of the boiler tubes by means of a single fan. 

As regards the process which takes place in a boiler tube 
of this type of boiler, it appears that the temperature in 
the granular packing at the entrance or firing end of the 
tube will approximate the calorifie intensity of the gas em 
ploved. With coal-gas or coke-oven gas, the temperature 
at this pout is in the neighborhood of 1800 deg. cent. (3272 
deg. fal.). This is the temperature in the center of the 
cross-section while the temperature of the granules in c«on- 
tact with the tube surface is very much lower so that the 
granular packing is red-hot or white-hot at the firing end, 
but its temperature decreases very rapidly along the tube. 
The functions of the granular packing are as follows: in the 
first place, the red-hot granules serve to insure absolute 
completion of combustion even in the absence of any air 
in excess of the theoretical requirements; in the second place, 
they radiate heat to the sides of the containing tube, thus 
largely accounting for the larger rate of heat transmission 
obtained, and in the third place, the granules even in that 
part of the tube where the temperature is so low as to pre- 
vent heat being communicated to any noticeable extent by 
radiation, serve to bafile the combustion products and hurl 
them rapidly and with violence against the tube walls, thus 
inereasing the heat transmission through the faet of the hot 
gases impinging on the tube surface. For a given kind of 
vacking in the tubes, there must be provided a definite ratio 
between the length and bore of the tubes in order to obtain 
sufficient cooling of the combustion gases. If it is desired 
to employ longer tubes of the same bore, this may be done 
without sacrificing considerations of economy by employing 
a packing material of a more open nature in the tubes. As 
regards heat losses in the boiler, several sources of these 
appearing in solid fuel boilers do not have to be considered 
in the surface combustion type, and in a Bonecourt type 
the combustion products leave the system at the temperature 
of about 110 deg. cent. (230 deg. fahr.), where a feed-water 
heater is employed so that the amount of neat carried away 
by the waste gases is very small, while owing to the compact- 
ness of the plant, the radiation loss is also small, amounting 
to about about two per cent. It appears therefore, that the 
heat utilized in steam generation varies from 94 to 95 per 
eent of the heat originally available in the gas burned. 

The author deseribes in some detail the plan where this 
type of boiler is used as a link in the system of generating 
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power trom coal by means of ammonia recovery gas pro- 
ducers. In the described plant, conditions were established 
so that an expensive fuel such as the illuminating gas of 
London is advantageously employed for steam generation. 
The boiler is 8 tt. long and 3 ft. 6 in. in diameter and is 
provided with five tubes, each of 6 in. bore It is capable 
of evaporating about 2000 Ib. of water per hr., and is used 
for supplying steam te a steam hammer, The advantages 
of using this tvpe are the readiness with which steam can 
be raised when wanted for the hammer and the immediate 
manner in whieh the making of steam responds to the turn- 
ing on and off of the gas. A novel type of construction 
has been adopted for this boiler. The tubes instead of be 
ing of uniferm bore throughout contract sharply the 
entrance end, the first 6 in. of the tubes being only of such 
bore as is required for the supply of the gas mixture. This 
ivpe of construction permits of dispensing with the use of 
the tire-clay plugs and the first part of the tube which con 
veys the gas to the fire-clay packing and is kept cool by the 
water in the boiler. The author states by the way that gran 
war packing may be emploved tor the purpose of inereasiig 
heat transmission in se-called waste heat boilers where the 
heating medium consists of products of combustion trom a 
furnace or gas engine. There is, of course, io surface com 
bustion im the tubes of this kind of boiler as the granulan 
packing serves mereivy to inerease the beat transmission 
through the walls of the tube by radiating heat from the 
hot granules and also by causing the hot gases to impinge 
repeatedly on the tube walls. In addition to the gaseous 
fuel or hot waste gases, Bonecourt boilers can be tired alse 
with liquid fuel. In this case practically the same proce 
esses occur, since the combustion of liquid) fuel is only a 
special case of gaseous combustion: when iiquid fuel burns. 
it is really the combustible vapors given off by it that are 
burned. But special methods for securing complete combus 
tion of liquid fuel in contact with or in close proximity ti 
water cooled surtaces have to be developed for this Purpose. 
The boiler which is now used in the works of Bonecourt 
Surtace Combustion, Ltd.. im London is 4 ft. in) diameter 
and 12 ft. long and is furnished with five boiler tubes, each 
in. bore. The boiler tubes are packed with refractory ma 
terial arranged on the staggered plan. The liquid fuel ts 
supplied to the boiler tubes under the pressure due to a 
head of about 12 ft. The air required for the combustion 
is supplied trom a tan at the pressure of trom 5 to 30 in. 
water gage, the oil being spread by the air. There is at the 
entrance of each boiler tube, a gasification chamber for the 
spray of liquid fuel. The purpose of this ehamber is to gas- 
ify or at least to partly gasify the liquid fuel. This gasifiea- 
tion is brought about by the heat of the chamber and the par- 
tial combustion of the liquid fuel which later serves to main- 
tain the chamber at the required temperature. The cham- 
ber is far too small to enable complete combustion of the 
fuel to take place. The following are the results of a test 
carried out on the oil-fired boiler referred to at the London 
Works of the Bonecourt Company : 


Steam pressure, gage (per sq. in.).. .110 Ib. 
Temperature of oil... 8O deg. fahr. (27 deg. cent.) 
Air pressure... ... 37 in. of water 
Pressure in smoke-box. 3 in. of water 
Temperature of combustion pro- 

ducts leaving boiler tubes and 

entering feed-water heater....... .608 deg. fahr. (320 deg. cent.) 
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Temperature of combustion products 
leaving feed-water beater 

Temperature of cold feed 

of feed from 
water heater to boiler. . 

Duration of test 


275 deg. fahr. (135 deg. cent.) 
3 deg. fahr. (6 deg. cent.) 
Temperature feed- 
119 deg. fahr. (48 deg. cent.) 
3 hr 
7.625 Ib. 


2,542 Ib. 


Total water evaporated. 

Water evaporated per hr.. 

Water evaporated per hr. from and 
at 212 deg. fahr 

Total tube surface (five tubes 9-in 
bore 12 ft. long) 


3.085 Ib, 


141 sq. ft 
Total heating surface of boiler 125.7 sq. ft 
Steam raised per sq ft. of heating 


surface per hr. from and at 212 


deg. fahr. 25 |b 
Total oil burned O45 Ib 
Oil burned per hr.. IS1.7 Ib 
Water evaporated from and at 212 

deg. fahr per Ib. of oil 17 _O lb. 


Net calorifie value of oil per lb.). .17,800 B.T.U.’s 


7625 & 1175.9 & 100 
fliciency 92.5 per cent 
& 17S00 


take 


Dnneus sample of the combustion products Was 


during the test, and was found te analyze: 


Per cent 
( von-dioxide 


12.8 

Oxygen > 4 
Carbon-mononxide 
Nitrogen 83.8 
ooo 


The points which characterize this boiler may be enumer- 
ated as follows: 

i. Complete combustion of the oil, no products ol par- 
tial combustion being found in the tlue gases. 

2. The air required tor complete combustion of the oil 
is only shghtly in excess of the theoretical requirement, 

3. Entire absence of smoke when once the boiler has been 
started up, and practically no smoke while starting. 

4. The oil is supplied to the boiler cold and at a very 
low pressure, the air supplied for the combustion being sut 
ficrent to effect the necessary spraying of the oil. 

5. The combustion products are cooled down to a point 
below which further cooling would scarcely be practicable or 
economical, 

6. An evaporation of 25 Ib. of water per sq. ft. of heating 
surtace per hr. 

7. The effective transmission to the water in the boiler of 
92.5 per cent of the net heat available in the oil burned, 
even when evaporating at the above stated high rate. 


8. Exact and immediate reguiation of steam production. 


RAILWAY CLUB OF PITTSBURGH 


Vol. 13, n0o.7, May 22, 1914, Pittsburgh, Pa. 

Some Errects or Bower Freep Warers THeEtr 
Causes, W. A. Converse (40 pp., 30 fig. d). The article 
presents a very comprehensive discussion of ill effects of 
boiler teed waters and their causes covering both the theory 
of boiler seale formation and corrosion and some of the 
practice. The author gives also a number of analyses of 
boiler feed water and diseusses the action of such waters 
in the light thrown on its composition by the analytical data. 
Thus, in one case he finds that water containing quite a 
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large amount of carbonate of soda (22.789 grains per gal.) 
produced a deleterious effect on the condition of the gaskets. 
He explains that this was due to the fact that the gaskets 
upon the market to-day are largely made up either of asbes- 
tos or asbestos composition or of rubber or rubber com- 
position, both of which are to a large extent 
strong alkaline solutions. 


soluble in 
Control experiments have been 
made and have shown that no such troubles are experienced 
where water is used containing practically the same amounts 
salts. In another 
analysis, a large amount of sulphate of lime (44.989 grains 


of the substances other than the soda 


per gal.) was found. The water gave rise to strong forma 


tion of seale and in addition produced serious corrosion 
underneath the seale. This is an interesting tact because it 
is not uncommon to find that an assumption is made to the 
effect that boiler seale protects the metal from = corrosion. 
This may be true in most cases but in the present instance, 
it was found that under the layer of the seale, there was 
an action going on identically similar to that of sulphune 
acid upon iron. The water itself, however, was not acid 
and contained no tree sulphuric acid which consequently 
must have been a liberated product. It would appear trom 


the investigation thus far carried on that the sulphate ot 


lime which constituted the greater part of the scale decom 
posed at a temperature reached when the seale had become 
of suflicient thickness. Sulphur was liberated and attacked 
metallie iron. The sulphate of iron formed as the result ot 
broke 


under the action of temperature and moisture, and agai 


initial corrosion being a very unstable salt, down 


liberated sulphuric acid, leaving behind the tren in the form 


took 


therefore, and a comparatively small amount of sulphuric 


of iron oxide. A evehe or continuous artion place 


acid produced avers large amount of corrosion, The proot 
that the process oceurred substantially as above deseribed 
could be obtained by taking into consideration that sulphate 
ot lime does not 


When 


scale formation in the boiler in which the experiment was 


break up below a certain temperature. 


accordingly, by means of mechanical devices, the 
carried on, Was turbined down to half its original thickness 
and kept at it, it was found that no corrosion underneath 
the scale formation took place as the temperature at the 
point of contact was kept below the limit of liberation of 
sulphurie acid. 

In the next analysis, a comparatively large amount of 
suspended matter was found with accompanying foaming 
when the water was used in the boiler. An experiment was 
carried on for the purpose of determining whether or ‘ot 
the foaming was due to the presence of precipitated car- 
bonates. The feed water was treated in such a manner as 
to remove about one half of the carbonates of lime and mag- 
nesia, shown by analysis, and then pumped into the boiler: 
it was found that it was possible to operate the boiler over 
a period of 60 days with no trouble from foaming. Further 
experiments developed the fact that the same results could 
be obtained by changing the carbonates into other substances 
by chemical reaction at a much lower cost. The analysis in 
the same instance developed that the presence of black putty- 
like substance in the cylinders of the engine was due to the 
presence of carbonates of lime and magnesia in the water 
since this substance was nothing but a mixture of sueh car- 
bonates with evlinder oil. 


Since oil itself carried none of 
them, the only way for them to reach the evlinders was by 
being carried over mechanically with the steam. 


This trouble 
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can also be overcome by changing the nature of the precipi- 
tated substances by chemical reaction. 

The author presents further analyses which confirm the 
contention that ill effects of water are not exclusively at- 
tributable to the quantities of substances contained, but 
more particularly to their relative amounts. In two eases, 
water contained considerable amounts of chloride of mag- 
nesia. In one case, there was a serious corrosion above the 
water line, in another, there was none. The former was 
clearly due to the decomposition of the chloride of mag- 
nesia and formation of a very dilute solution of hydrochloric 
acid, while in the second ease, corrosion did not occur be- 
cause along with the chloride of magnesia there was a con- 
siderable amount of carbonate of lime present which com- 
bined with the hydrochloric acid liberated, and produced 
chloride of lime. in other words, there may be in the water 
substances neutralizing the injurious action of other sub- 
stances present. 

Further analysis establishes the interesting fact that water 
may contain very small amounts of total solid matter and 
still be entirely unfitted for the duties of boiler feed water. 
Water coniaining 1.8 grains per gal. of total solid matter, 
or apparently an ideal water for boiler purposes, was used 
in a stationary plant with the result that it was found neces- 
sary to replace the cold water portion once in every six or 
seven months while no corrosion took place in the boiler. 
An investigation was carried out by taking four samples of 
water from the original source of supply near the inlet to 
the pipe system, near the outlet of the system, and from 
the pet-cock at the bottom of the water column. The an- 
alysis showed that the quantity of iron contained in sample 
from near the inlet corresponded with that contained in 
the sample from original source but in the sample from near 
the outlet, two and a half times as much iron was found 
which showed conelusively that the water dissolved iron in 
passing through the pipe system. In the case of the sample 
from the boiler, there was found a large amount of iron 
held in suspension but the same amount in solution as was 
found in the sample taken from near the outlet of the cold 
water system which showed that in passing through the pipe 
in question, the water had taken up as much iron as it could 
hold in solution and did not exert a corrosive action on the 
boiler on account of it being already saturated. The author 
passes then to a discussion of the ionic theery of solutions 
and its bearing on corrosion in boilers. . 

In the discussion which followed, the question was brought 
up as to pitting of locomotive boilers which had been taken 
out of service, drained and set aside for a considerable time. 
Locomotives which had been set aside and filled with water 
remained in perfect condition at the end of the same period. 
The speaker explained that there was possibly greater 
action of free oxygen when the boiler was left open with 
air cireulating through it. Another condition that might 
govern in this case is the permeation of the air in the empty 
boiler with sulphur gases always present in the atmosphere 
about shops where much coal is used as a fuel. It is, there- 
fore, as a general rule, a much safer plan to keep boilers 
filled with water rather than leave them empty. 


ROYAL SOCIETY 


Proceedings, Series A, vol. 90, no. A 619, July 1, 1914, 
London 
On THE FLow or METALS UNDER LarGeE CONSTANT 


Srresses, E. N. da C. Andrade (15 pp., 5 figs. e). The 
article presents the data of a research having tor its object 
the examination of the general laws of thow in metallie 
wires when extended so as to cover the region of large per- 
manent set by stresses kept constant throughout the tlow. 
One of the purposes of the investigation was to see if very 
pure metals behaved in the same way as commercial metals, 
and whether it was true that the non-viscous character of the 
initial part of the extension time curve was due to im- 
purities. In the course of the research a type ot tlow not 
hereto observed was found. To test the flow under con- 
stant stress. the device of the hyperbolic weight was em- 
ployed; by the use of such a weight sinking as the wire 
stretched into a liquid ot suitable density, the effective load 
was diminished in such a way that the stress over the cross 
section remained constant as the wire thinned. All the 
metals investigated except mercury were used in the form 
of wire while for mercury a special method was resorted 
to. The iron and copper wires were carefully annealed, and 
after this treatment gave consistent results. It was found 
that without exception all the single metals (not alloys) 
gave at the various temperatures investigated, curves of ex- 
tension against time which could be closely represented by 
the formule: 
1=1,(1+ 8 tt) e* 

by assigning suitable values to the constants. The constants 
l,, 8, and k are not purely artificial but have a physical 
processes corresponding to each one of them: that is l, rep- 
resents the immediate length of loading, ° is the coetlicient 
which gives a measure of that part of flow whose rate de- 
creases as the time increases, and &4 measures the tinal tlow 
which proceeds viscously. 

The curves for iron at 444 deg. cent. resembled those for 
lead at 16 deg. cent. and there was no difference of type. 
The main result of this part of the work was to show that 
typical metals of widely different nature obeved the same 
general laws of flow and that the apparent difference of 
type disappeared when a wide range of temperature was 
considered. The higher the temperature for a given metal, 
the more the viscous type of flow predominated. Small im- 
purities did not affect the general type of extension curves 
and pure mercury at -— 78 deg. cent. had much the same eurves 
as soft commercial iron at 444 deg. cent. It has been fur- 
ther shown that for metals the flow tended to become 
in every case finally viscous and an investigation was made 
to discover if possible what change was produced in the 
metal which sets it in a condition to flow viscously and how 
the change could be effected. It was found that hy extend- 
ing the wire rapidly under a large stress for a short time it 
could be put in a condition to flow viscously from the start 
when subject to a smaller stress. The more rapid the pre- 
liminary extension, the smaller the rate of the viscous flow 
under the subsequent smaller stress. It has also been found 
that severe preliminary twisting would put the wire in a 
state to give the viscous flow almost from the start. With 
increasing amount of preliminary twist, the rate of flow 
first of all decreased, but reached a minimum, and then in- 
creased slowly, probably owing to tears in the metal. A 
twist of a given number of turns was more effective in hard- 
ening the metal if it was applied half in the one direction 
and then half in the other than if it were applied all in one 
direction. 
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FOREIGN REVIEW AND REVIEW OF PROCEEDINGS OF 


ENGINEERING SOCIETIES 


ENGINEERING SURVEY 
EFFECT OF THE WAR ON FOREIGN PERIODICALS 


The war in Europe has wrought sad havee with the files 
of foreign periodicals in the Library of the Engineering 
Societies. The English, Italian and Scandinavian periodicals 
come in with fair regularity, and with practically their usual 
number of pages. The German periodicals have been either 
discontinued (as the. Werkstattstechnik announced, because 
“nobody cares to read trade papers now”), or are issued 
The 
Belgian papers, published at Louvain and Brussels, have 
The French papers 


in reduced sizes, and delivered with great irregularity. 


been discontinued for obvious reasons. 
have been so far coming in regularly, but sometimes in re- 
No Russian papers have come in since the be- 
ginning of the war, although regularly issued. No Austrian 
papers have been received, and no information as to their 
being issued is available. 


duced sizes. 


Notwithstanding all these cireum- 
stances, enough material is available to carry on the work 
of the Engineering Survey in the usual manner. 
THE VALUE OF THE ENGINEERING SURVEY TO 
STUDENTS 

Now that a new school year begins, it may be in order to 
eall to the attention of future engineers in our colleges the 
benefits which they may derive from getting into the habit 
of looking over every month the Engineering Survey in 
The Journal. During their freshman and sophomore years 
they will prebably find a good deal that will be somewhat 
beyond their depth, but even then a number of articles will 
be such that they ean readily understand. A junior in 
either mechanical or electrical engineering ought to be able 
to understand the gist of nearly every article. What a stu- 
dent can learn from a perusal of the Engineering Survey 
month after month is, first, the general tendencies of modern 
invention both in Europe and in this country; second, the 
point of view taken by prominent designers here and abroad 
in the selection of their engineering equipment; and finally 
he will learn the names of the periodieals and publications 
of societies where information on various subjects may be 
found. When it comes to writing his thesis, and especially 
when after graduating from college he happens to run across 
some work of design along individual lines, he will find the 
ability to look with some certainty for information in the 
more or less out of the way periodicals—an advantage of 
inestimable value. There are good engineers in countries 
and localities of which the ordinary engineer thinks very 
little: in China, Australia, South Africa, Chile. These en- 
gineers run across peculiar problems and often solve in spe- 
cial ways, the knowledge of which may be of the greatest 
possible value to the American engineer when he gets into 
a similar tight place. The Engineering Survey, within the 
space available, is doing its best to present all such informa- 
tion in as clear and readable a manner as possible, and the 
engineering student, who makes a habit of reading it over 
as it comes out, will soon find that a lot of the information 
which he gets from it, sticks, and ean be used even in his 
work at college. 
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THIS MONTH’S ARTICLES 


In the seetion Aeronauties is given an abstract of a paper 
by Professor Ch. Maurain on the progress of experimental 
work in aeronautical engineering, especially interesting at 
the present time when the events in Europe have directed 
serious attention to aireraft as a means of national defense. 
The abstract, among other things, contains a list of Euro- 
pean aeronautical laboratories. 

The next article gives data on endurance tests of heavy 
automobile trucks. The section on Internal Combustion En- 
gineering goes into considerable detail concerning the use of 
explosion engines in railway work, such as branch lines and 
for light trains on secondary lines. Particular attention is 
paid to the problem of power recuperation during the down- 
grade runs or slowing up of trains. In the section Steam 
Engineering are described a German triple-flue boiler plant 
and a new evaporation apparatus for the production of dis- 
tilled water in which a part of the steam of evaporation is 
compressed by live steam and takes further part in the 
process of evaporation. 

Two papers before the American Foundrymen’s Associa- 
tion are devoted to the discussion of the influence of the skin 
on the strength and ductility of malleable east iron (Tou- 
ceda), and to the elimination of 
molding (Kennedy and Pendleton). 
data of tests on the strength of machined and unmachined 


waste motion in bench 


In the former paper 


test wedges of malleable cast iron are reported, and certain 
From the 
Bulletin of the American Institute of Mining Engineers are 


ideas on the importance of the skin are combated. 
abstracted several interesting papers: on nodulizing flue 
dust which may be of interest to those engineers who have to 
work with blast furnace gases for heat engines and boiler 
firing; on the annealing of cold rolled copper; and on sur- 
face decarbonization of tool steel. The last paper contains 
an interesting explanation as to why the “bark” on tool 
steel is so hard on machining tools. 

Marshall R. Pugh, before the American Society of Civil 
Engineers, presented a comprehensive discussion of external 
corrosion of cast iron pipe, a subject which has been of late 
attracting considerable attention both in this country and 
abroad. From the Journal of the American Society of 
Naval Engineers is taken an abstract of the account of the 
work of the U. S. Navy Engineering Experiment Station, 
containing among other things data on the compound issued 
to the service for rendering boiler materials non-corrosive. 

From the Transactions of the Canadian Society of Civil 
Engineers are taken data on concrete stack construction and 
on disregarded stresses in joints and ends of steel in rein- 
foreed concrete construction. 

An interesting consideration of pitot tube formulae, and 
data of tests of pitot tubes and two different types of eur- 
rent meters, as applied to the measurement of large volumes 
of water flowing at variable velocities, are presented in the 
abstract of a paper of B. F. Groat before the Engineers’ 
Society of Western Pennsylvania, and an equally interesting 
paper (by Gerald Stoney) on high speed bearings, and sev- 
eral subjects closely associated with this subject, such as oil- 
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cooling, is reported from the Transactions of the North-East 
Coast Institution of Engineers and Shipbuilders. 


FOREIGN REVIEW 


Aeronautics 


Review OF EXPERIMENTAL WorRK IN AERONAUTICAL EN- 
GINEERING (Revue d’aérotechnique expérimentale, Professor 
Ch. Maurain, Revue générale des sciences, vol. 25, no. 14, 
p. 679, July 30, 1914, 8 pp., tg). The present article gives 
a review of the work lately done in the great aeronautical 
daboratories of Europe and America. In France the mili- 
tary laboratories continue the splendid work started years 
ago by Colonel Renard. In addition to that, there are sev- 
eral extremely well-equipped civilian laboratories, such as 
the well-known laboratory of Mr. Eiffel, the laboratory of 
the Duke of Guiche, who uses the special method for record- 
ing photographically pressures and partial depressions ex- 
isting at the same instant at different points of surfaces or 
other parts carried on specially equipped automobiles. The 
Acronautical Institute of the University of Paris, founded 
by Deutseh de la Meurthe, uses several methods simultane- 
vusly, such as the dynamometrie car, rotating arm, air tun- 
nel and measurements in actual flights. In Russia, the labor- 
atory of Koochino, started by a private scientist, Mr. 
Ribooshinsky, has for many years carried on various ex- 
periments on surfaces and propellers by means of an air 
tunnel. Other aerodynamic investigations are being car- 
ried on in the laboratories of several of the technical schools; 
those of the University of Moscow, under the direction of 
Professor Joukowsky, deserve special mention. In Ger- 
many, the laboratory of the University of Gottingen, under 
the direction of Professor Prandtl, has been for several 
years using the method of air tunnel and rendered valuable 
service to the art of aviation. Another well-equipped labora- 
tory has recently been installed at Aldershof (under the di- 
rection of F. Bendemann, of the German Institution for 
Experimentation in Aviation), the chief purpose of which 
is the test of motor propeller sets, although a wider field of 
experimentation is under contemplation for the future. 
Valuable measurements on propeller action have been made 
at Frankfort by means of the dynamometrice car. In addi- 
tion to that there is the aerodynamic laboratory of the Ber- 
lin technical high school,. under the direction of Major von 
Parseval, while in Austria, an aerodynamic laboratory has 
been installed in connection with the technical high school of 
Vienna, under the direction of W. von Doblhoff. In Italy 
the military laboratory of aerodynamies at Rome is under 
the direction of Crocco, and has published several important 
researches on aerodynamics and hydrodynamics. All aero- 
dynamic experiments are made by the method of air tunnel, 
while the hydrodynamic experiments are made in an experi- 
mental tank, with a towing car. In England a special com- 
mittee has been appointed for research in connection with 
aeronautics under the chairmanship of Lord Rayleigh, the 
actual work being done at the National Physical Laboratory 
at Teddington by the method of air tunnel and, for propel- 
lers, by rotating arm. This work is earried on in such a 
manner as to collaborate with either civil or military labora- 
tories, in particular that of the Royal Aireraft Manufacture. 

The work of these laboratories is not always systematic, 
which is due mainly to the fact that the extremely rapid 
development of aviation made it necessary to find immediate 
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answers to practical questions instead of taking up more 
general questions of scientifie interest. The degree of pre- 
cision of the various methods of measurements has not yet 
been fully established, and each laboratory being equipped 
preferably for a certain kind of measurements, is doing the 
work which it is best able to do, without often attaching too 
much value to the absolute worth of the results obtained. It 
will require long and delicate comparisons between the re- 
sults obtained by the various methods to establish answers 
to the most important general problems. 

The author proceeds to deseribe in a general manner ex- 
perimental investigations having for their purpose the deter- 
mination of the general laws of flight, such as, for example, 
the supporting action of air as a function of the relative 
velocity of the plane and density of air, and the investiga- 
tions made to determine the value of the coefficient AK used 
in this formula. <A large amount of investigation has been 
devoted to the study of the numerical relations in the action 
of air on aeroplanes, so as to determine the velocity and po- 
sition of such action for various inclinations of the planes 
as functions of the relative velocities, and for various posi- 
tions of the vertical rudder with respect to the main planes. 
The data collected already enable us to solve a number of 
important problems, e.g., to caleulate the conditions of equi- 
librium of an aeroplane, to construct a metacentrie curve 
and to deduce the conditions of stability. These investiga- 
tions have had an especially important bearing on the study 
of stability of aeroplanes. G. de Bothézat has shown by the 
method of small motions applied to an aeroplane in still air, 
that if the aeroplane be assumed to be non-deformable, it 
will be stable longitudinally, but that it will remain inher- 
ently unstable laterally. By stability is meant the ability 
of the aeroplane to resume its normal position ‘after hav- 
ing been, by whatever cause, slightly brought out of it. 
While these results are of considerable theoretical interest, 
it must be remembered that in practice the important point 
is to secure stability not in still air but in gusts. In prae- 
tice also, aeroplanes are not non-deformable systems. The 
pilot intervenes all the time with a view of reestablishing, by 
means of his rudders or ailerons, the equilibrium disturbed 
by the movements in the atmosphere, and the conditions 
which must particularly be realized in the design of a ma- 
chine consist in proportioning the efficiency of the means 
of governing to the amplitude which the violent disturbances 
of the atmosphere may produce in the action of the planes, 
so as to permit the pilot at all times to remain master of his 
apparatus. The methods of computation based on the gen- 
eral principle of small motions do not indicate what may 
happen during violent atmospheric disturbances, and it is 
here that the great value of the excellent methods of regis- 
tering the relative velocity of the aeroplane, its inelination, 
inclination of its trajectory, movements of the governing de- 
vices, ete., introduced by Toussaint, and Lepére and Gouin, 
come into play. It is significant that the school of aviators, 
represented by men like Blériot, believe that the seeurity in 
aviation can be realized by making aeroplanes extremely 
easy to manage, so that the pilot may without difficulty exe- 
cute the most complicated movements without losing control 
of his machine. When he happens, therefore, to meet violent 
atmospheric disturbances, these disturbances produce varia- 
tions of flight, but only such as he has been in the habit of 
creating himself. This is correct, with the restriction, how- 
ever, that it requires a flight at a considerable elevation, 
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since nearly all evolutions in the aeroplane involve loss of 
height, as flights near the ground during a strong and ir- 
regular wind appear to be especially dangerous to a light 
machine. 

The seeond part of the article reviews the experimental 
work done on aerial propellers. From a practical point of 
view, it is important to note that it is possible to determine 
now the characteristics of propellers working not only as 
fans but while in motion at a certain speed, Aerial pro- 
pellers have already reached maximum efficiencies of from 
70 to 80 per cent and sometimes have exceeded this value. 
The author believes that with the present-day propellers and 
explosion motors, helicopters have already become possible, 
but will have no practical application until some method has 
heen found to prevent the fall of the machine if the engine 
becomes stalled. It is, however, possible that the combina- 
tion of helicopters and xeroplanes may bring about the real- 
ization of the dream of large aerial vessels easily governed 
and perfectly stable. 


Automobiles 


Mitirary Expurance Tests or Atromosite Trucks 
(Liepreave militarre endurance des automobiles de poids 
lourds, du ler au SU juillet 1914, Duroe, Le Génie Civil, vol. 
5d, no. 15, p. 289, August 8, 1914, 5 pp. 16 figs., de). The 
article gives some data on the practical endurance tests of 
heavy motor trucks carried out in France during July 1914. 
The original program of the tests contemplated runs from 
July 1 to August 4 of 100 km. every day for tractors and 
150 km. per day tor motor trucks, with a final examination 
to be made between August 5 and August 8. The declara- 
tion of war compelled the commission, on July 30, to release 
all the trucks from the test and to pronounce 60 out of the 
66 trucks as having satistied all conditions. 

There were, in the performance of these tests, certain par- 
ticulars worthy of notice. For example, contrary to the 
method of performing the tests adopted in 1913, all the runs 
this time were made along roads converging, star fashion, 
to the city of Versailles, so that every day the cars started 
from that city and returned to it at night. While in this 
way the demonstration of the motor trucks under test in 
Various provineial cities, with its corresponding advertising 
advantages, has been omitted, there is no doubt but that the 
cost of the test to the manutacturers has been very materially 
reduced and the observations by the authorities were, to an 
equal degree, simplified. 

The military commission and the war office have made 
the following regulations for the present tests: 

The gross weight of the truck of 3500 kg. does not include 
tools, spare parts and driver, the rear axle thus being per- 
mitted to carry a load up to 5000 kg. The engine must be 
placed under wood, which is reasonable, because it makes it 
more accessible and easier to inspect. 

sixty-six trucks have actually entered the competition. 
The engines of all the four-cylinder vertieal type have a 
volume swept over by the piston of 4.500 liters which cor- 
responds at a speed of 1200 r.p.m. to an average h.p. on the 
testing stand of 28.30 hip. 


Internal-Combustion Engineering 

Traction By THerwat EnNGines on (La trac- 
tion par moteurs thermiques sur voies ferrées, L. Saint- 
Martin, Bulletin mensuel de la Société Be lge des Electriciens, 
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vol. 31, p. 485, July 1914, 80 pp., 8 figs., dge). The article 
presents an extensive discussion of the various forms of mo- 
tive power for railroads, such as steam locomotives, electric 
locomotives and internal combustion locomotives. In connee- 
tion with the latter, the author discusses in considerable detail 
the internal combustion locomotive with an auxiliary electric 
drive such as is represented by the H. Pieper system (com- 
pare The Journal, March 1913, p. 532). It is a well-known 
fact that the maximum power developed by an internal- 
combustion engine approaches very closely the most eco- 
nomieal power at which it ean be operated so that an inter- 
nal-combustion locomotive set does not easily adapt itself to 
taking up overloads. The Pieper system provides for such 
emergencies by combining with the internal-combustion en- 
gine an electric unit which may be used either as a gener- 
ator or as a motor, and a set of storage batteries. When 
the entire power of the engine is not utilized for purposes of 
direct propulsion, the reserve is taken up by the dynamo 
which then acts as a generator and charges the storage bat- 
teries. On the other hand, when an overload is brought on 
the engine, the batteries discharge through the dynamo, which 
acts as a motor and boosts the engine action. This is what 
the author ealls a “ buffer” system. 

One of the interesting parts of this type of drive is the 
fact that it appears to present an elegant solution of the 
problem of power recuperation. There have been a good 
iuany systems proposed for recuperation of power loss dur- 
ing the down-grade runs and in slowing-up, but the numerous 
devices so tar proposed have proved to be failures. It is 
only in storage battery cars, e.g., on the tramway line from 
Paris to Saint Denis, that as much as 10 to 14 per cent of 
the total power has been recuperated. This, however, is of 
little practical importance on account of the limited use of 
the storage battery cars. 

Numerous tests have also been made on mountain electric 
railway lines where an effort was made to drive the motor 
as a generator during the down-grade run and return the 
current thus generated to the central station. In order, how- 
ever, that this might be possible. the generator has to de- 
liver current at a higher voltage than the one existing at 
the line contact, and when a single phase motor is used, this 
can be achieved only by an application of special trans- 
formers. Direct current motor traction also lends itself but 
poorly to power recuperation. On the other hand, in thermo- 
electric systems of drive, with an electric buffer system. 
recuperation of energy, owing to the reversibility of the 
buffer dynamo, is extremely easy. When the car runs down 
an incline, the speed of the engine tends to increase, and the 
voltage of the dynamo inereasing likewise and beeoming 
superior to the voltage of the storage battery, proauees 
an automatic flow of energy trom the dynamo into the bat 
tery. If at the same time in some way, such as by av auto- 
matie application of a solenoid governor, the supply of fuel 
tu the motor be cut off, then the kinetic energy liberated at 
the rim on account of the downward run, is sent into the 
storage batteries by means of the dynamo, a direct transmis- 
sion, i.e., with an efficiency of at least 80 per cent. The same 
thing happens during the slowing up with the kinetic 
energy resulting from inertia of the car. It must be further 
borne in mind that this recuperation does not require any 
supplementary installations on the car, but automatically 
follows from the operation of the motive and governor ele- 
ments of the driving plant, the only duty of the motorman 
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being to keep the controller in such a position as to main- 
tain the schedule speed of the car. 

The author appreciates the importance of the recuperation 
of energy which may be obtained with thermo-electrie cars 
provided with an electric buffer, and considers as an example 
& line 4 km. long with an average amount of irregular ground 
so that, say, 12 of the length is flat while the other contains 
uneven ground, in spots, down grade of an average fall ot 
about 30 mils. The total gradient of these parts of the line, 
downwards, will be 2000 0.030 = G0 m. 

Assuming now that the average coetticient of traction for 
the motor car and trailers is 8 kg. per ton (16 lb. per short 
ton), and that it is necessary to drive on this line a train of 
40 tons (44 short tons), including the motor ear, with an 
average speed of 50 km. per hour and at a minimum speed 
of 25 km. per hour on the above detined inclines. 
power at the wheel rim is: 

On flat ground: 

(40 8)50,000 
3600 K 75 

On the incline (30 mils) : 

(40K 38) 25,000 
3600 X75 

In order to be able to perform the work to meet the above 
requirements with an electrie transmission motor ear having 
an efficiency of 60 per cent, it would be necessary to have 
an engine of about 240 h.p., which on the even ground, i.e., 
over 14 of the total run, would have to deliver only about 
100 effective h.p., or about 60 h.p. at the rim. With a ear 
provided with electric buffer dynamo, an engine of 120 h.p. 
would prove fully sufficient, the additional power required 
on the heavy up grades being supplied by the storage bat- 
teries. It is evident that in this case, the internal-combus- 
tion engine will be utilized to much greater advantage than 
in the case of the first, since its normal output would be 
close to the average output required by the line conditions. 

The author’s calculation (not suitable for abstracting) 
establishes the remarkable fact that energy recuperation 
during slowing up is practically twice the energy recupera- 
tion during down-grade runs, which shows that the use of 
the internal-combustion engine drive with buffer dynamo is 
of value not only on lines of irregular ground, but also on 
lines where frequent stopping or slowing down is required. 
It is a well-known fact that such slowing down operations 
are quite frequent even on trunk lines. His figures show 
that the net recuperation at the rim will be, under the nor- 
mal conditions of operation assumed, about 28 per cent of 
the total power necessary for starting and traction purposes. 
The author discusses further in detail the problem of the 
use of the storage battery on such cars and the various fuels 
that may be used. He considers also the cost of operating 
the cars and gives a table showing the work required per 
ton-km. under various conditions and amount of standard 
fuel consumed. He comes to the final conclusion that even 
when utilizing comparatively expensive fuels, such as benzol, 
traction proves to be more economical with internal-combus- 
tion engines than steam locomotive, both on branch lines 
and for light trains on secondary lines of the Belgian trunk 
systems. From the cost point of view, the internal-combus- 
tion locomotive is inferior to the electric traction, but the 
use of cheaper fuels promises to change this equation in 
favor of the thermal locomotive. Besides, when the amount 
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ot capital employed is taken into account, including deprecia- 
tion charges of central stations, sub-stations, transmission 
lines, ete., the difference in the two systems comes down 
practically to the vanishing point. In addition, it must be 
remembered that the thermo-electrie drive presents the greater 
advantage ot being carried on by independent units ex- 
clusively, so that it may be, without loss, placed in service 
on new lines or adopted by old ones. Further, its use elimi- 
nates entirely the many chances of accident which always 
threaten the operation of complicated eleetrie traction sys- 
tems and which, when they happen, may put an entire see- 
tion of the system out of business. _ 

The author believes that in many cases, these advantages 
will be sufficiently important to compensate for the slight 
excess in cost of the thermo-electric system of drive over 
the purely electric. The rest of the article is devoted to a 
detailed deseription of the thermo-electric motor car with 
means for reeuperation of energy. 

Measuring Apparatus 

OptTicaAL AMPLIFYING TorRSION MeTER (Tursiometro ottico 

amplificatore, <A. delle 


esperienze e con- 


Anastasi, Rendiconti esperienze 


degli studi eseguiti nello stabilimento di 
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Fic. 1 Opricat Torsion Meter with AMPLIFICATION 

struzioni aeronautiche del Genio, vol. 3, no. 2, p. 48, April 
30, 1914, 3 pp., 2 The present article deseribes an 
optical torsion meter with amplification. 


figs., d). 
The apparatus be- 
longs to the class of electro-optical torsion meters and has 
been designed by A. Anastasi, engineer of the Italian mili- 
tary aeronautical laboratory. It consists essentially of two 
drums, t, and ¢t,, one inside the other, with a very small in- 
terstice between them. Each one is rigidly affixed to one of 
the two sections A and B, respectively, of the sha*t, the tor- 
sion of which it is desired to measure (Fig. 1). ‘Lhe interior 
drum is provided with a certain number of small slots f,, 
parallel to the axis of the shaft and exactly equid stant from 
one another. The exterior drum is provided with a similar 
number of helicoidal slots f, of equal dimensions and as 
equally equidistant. Inside of both drums is located a lumi- 
nous source, in this ease an electric lamp L, carried on a 
fixed plane. External to the shaft and parallel to it is 
located a graduated scale R over which can be moved a 
telescopic sight O, the axis of which is normal to the axis of 
the shaft. When the shaft is turned, owing to the presence 
of the internal illumination and in accordance with the 
velocity of rotation, one may persistently observe the cor- 
respondence of the slots in the external drum with those of 
the internal drum and the position of the plane of cor- 
respondence may be determined by taking sights through a 
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telescope. The displacement of such a plane from its nor- 
mal position of rest is proportional to the torsion of the 
shatt, or more correctly, to the maximum of the effort trans- 
mitted, and ean be read correctly on the graduated seale R. 
To this device is added a similar device having for its pur- 
pose the amplification, longitudinally, of the relative dis- 
placement of the two corresponding points of the two drums, 
without using any amplifying mechanism. In order to elimi- 
nate the perils arising from an eventual shifting of the 
shatt, it is well to refer the position of the plane of cor- 
respondence of the slots not to a fixed origin on the seale 
article, but to positions on a circle C, plotted inside of the 
external drum. 

The above described torsion meter can be used even when 
the effort transmitted by the shaft is not exactly constant, 
provided its variations be not too large. In this case, the 
crossing of the corresponding slots can be seen from the side 
of the scale, not in the fixed position, but oscillating between 
two extreme positions between which it is easy to determine 
a medium point. The apparatus may be conveniently applied 
at high but not extreme velocities, since the drums with their 
slots would net be able to withstand a very great centrifugal 
torce. This, however, may be obviated to a certain extent, 
by using drums made of a light metal, properly disposing 
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Fie. 2. Brake Action INbicaToR 


the thickness of the material and number of slots, and per- 
haps reinforcing the entire structure by a helix of steel wire. 
On the same principle may be constructed the torsion meter 
comprised instead of two drums, of two dises, one having 
radial slots and the other a slot made on an archimedean 
spiral, with a similar lamp and seale arrangement. 


Four Dynamometer Car, Swiss Feperau 
Ways (Vierachsiger Dynamometerwagen der Schweizeris- 
chen Bundesbahnen, H. A. Gaudy, Schweizerische Bauzeit- 
ung, vol. 64, no. 6, p. 73, August 8, 1914, serial article, d). 
The article deseribes a four-axle dynamometer ear recently 
built for the use of the Swiss Federal Railways. Among 
the apparatus with which it is fitted is a device designed by 
the well-known firm of scientific instrument builders, Broth- 
ers Amsler, in Germany, for indicating the braking action 
and its effects. The apparatus is shown in Fig. 2. For the 
determination of tangential and radial forces arising 
through the pressing of the brake shoe against the wheel 
rim, a hydraulic measuring cylinder is inserted into the rig- 
ging. On the front axle of one of the bogies, two such 
measuring cylinders are built in on the brake hangers of 
the front brake traversers, while one more measuring cylin- 
der, located horizontally, transmits the brake rigging forces 
acting on the middle of this traverser. The fluid pressure 
occurring in these three cylinders during the braking is 
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transmitted to an indicator placed over the apparatus table 
and recording the pressure diagram on a strip of paper. 
In this way, two diagrams, one for the tangential and the 
other for the radial forces, are obtained, and by using the 
values given by the diagrams, the friction coefficient for any 
given velocity may be determined. 

The same arrangement may be further used for determin- 
ing from the frictional data obtained above the value of the 
material used in the brake-shoe. The measurement of the 
tangential forces may be carried out with the car moving 
in either direction as there is an arrangement for connect- 
ing either end of the measuring cylinder with the recording 
device. In addition to this device for the measuring of the 
braking forces in the rigging, there are further provided 
three indicators for the determination of the air pressure 
prevailing during the braking process in the main line, the 
brake cylinder and the auxiliary air tank. While these de- 
vices record the pressure diagrams on paper strips, the 
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manometers, connected with the indicators, make it possible 
to read the instantaneous values of the pressure; and two 
further recording devices take care of the braking length 
as well as the braking time, the latter being recorded at in- 
tervals of 1, 3 and 6 seconds. By means of the above appa- 
ratus, the following observations therefore can be taken: 
(1) pressure in the brake cylinder; (2) pressure in the aux- 
iliary air tank; (3) pressure in the main line; (4) brake- 
shoe pressure (radial foree); (5) tangential force; (6) eo- 
efficient of friction of the brake-shoe; (7) time of braking; 


(8) braking length. 


DensocraPH (Der Densograph, Professor Hugo Strache, 
Zeits. des Vereines der Gas- und Wasserfachménner in 
Osterreich-Ungarn, vol. 54, no. 10, p. 190, May 15, 1914, 10 
pp-, 5 figs., de). The present article describes a densograph, 
an apparatus for constant and automatic recording of the 
specific weight of gases. The usual apparatus for the deter- 
mination of the specific weight of gases, invented by Schil- 
ling, is based on the assumption that the time during which 
a certain volume of gas flows under a certain pressure 
through an opening in a thin sheet is proportional to the 
square root of the specific weight of the gas, but this device, 
remarkable for its simplicity, has the serious disadvantage 
of not permitting of making a constant record of the specific 
weights of the gases and in view of this defect the apparatus 
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cannot be used for constant records. In addition to that, 
there is a second very important defect in this apparatus, 
consisting in that a single observation did not permit of a 
simultaneous determination of a number of other factors. 
the knowledge of which would allow of making a clear con- 
ception of the processes occurring. There are, of course, a 
number of apparatus which permit a continuous weighing 
of gases, but their operation is liable to be interrupted by 
numerous disturbances from which the densograph is claimed 
to be safe. It consists (Fig. 3) of the vessel g, initially filled 
with air into which the gas enters through a small plate a 


provided with a tiny opening. The gas is forced through it 
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pump, ete. In order to obtain correct indications it is neces- 
The 
apparatus may be used for coal gas, furnace gas and balloon 
gases as well as for various other purposes such as the de- 


sary to maintain the gas and air under equal pressure. 


termination of the specific weight of producer gas, ete. 


New Apparatus FOR THE DeTERMINATION OF PRESSURE, 
VeLocity or FLow, AND COMPOSITION OF GASES 
AND Vaprors (Neuere Messyerite zur Bestimmung des 
Druckes sowie der Geschwindigheit, Dichte und Zusammen- 
setzung von Gasen und Daimpfen, E. Stach, Glickauf, vol. 


50, no. 31, p. 1233, August 1, 1914, 5 pp., 15 figs. d). The 


Fic. 4 Various MeasurinG Apparatus FoR Gases 


by means of a suction device and a plate similar to that at 
a, located at b. If the same gas passes through a and b, then 
the suction inside the vessel is equal to 4% the total suction. 
If, however, into the air filled vessel there flows a gas lighter 
than air, then the resistance at a will be less and the suction 
in @ goes correspondingly down. By this method, a mano- 
meter or recording suction meter may be operated; as soon 
as the gas displaces the entire air and gets as far as b, the 
initial manometer stand will eome back. The densograph is 
made to give a continuous reeord by including in the ap- 
paratus a special device which permits the taking in of gas 
and air in an established rotation of operations. In addition 
io the parts shown in the figure, there are several more 
pumps such as the above mentioned device for sucking ir 
air—a water pump, a governor to regulate the suction of the 


article describes novel apparatus for the determination of 
pressure, velocity, density and chemical composition of gases 
and vapors, including the manometer of Dr. Verbeek, which 
has vertical tips and two liquids of different densities. The 
upper parts of the glass tube tips are arranged concentri- 
cally in order to avoid possible errors in case the manometer 
is not placed in an exactly vertical position. 

As regards micromanometers, Fiiss builds them now for 
pressures up to 30 atmospheres, Fig. 4A, with mercury, for 
measuring pressure of gases and water in closed pipes. In 
the case of permanently built-in micromanometers with 
rigidly fixed measuring tubes, there may be a demand for 
measurements over a wide region of pressures such as can- 
not be served by a single permanently built-in measuring 
tube. For this purpose, Rosenmiiller has designed the mano- 
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meter shown in Fig. B, with two permanently built-in meas- 
uring tubes covering different regions of pressures, so that 
when the velocity passes the limits of the upper tube, the 
lower tube may be used for the measurement. As regards 
anemometers, only deadbeat types are now used while the 
improvement of clockwork devices has made clockwork ane- 
mometers more reliable and more widely used, 

For the measurement of high air velocities such as oecur 
with fans, cup anemometers are often used instead of wing 
anemometers as being more suitable for this kind of work. 
For the measurement of compressed air, Rosenmiiller builds 
the wing anemometer shown in Fig. C, whieh is built-in in 
the 
an indicating device on the 


a special measuring chamber forming part of com 
pressed air piping and having 
outside. 

For recording the velocity of the flow of gas, the arrange- 
ment shown in Fig. D, and designed by Fiiss, is said to be 
especially convenient, since it has succeeded in using the 


sume scale even for low velocities up to 5 mm. per see. with 
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rangement releases at short intervals of time another clock- 
work device which in its turn releases lever c. This allows 
during the test of the fall of the pawl device d of the 
counter eé. 

And lever ¢, during the period of its fall, actuates the 
clockwork e through the pawl d. The motion of d, and aec- 
cordingly the indieation of clockwork, depends on the posi- 
tion of the eurved piece against which strike the caliper- 
With 


perature, an agreement as close as 1 per cent has been 


shaped piece f. gases of constant density and tem- 


obtained between measurements by planimeter and the de- 
scribed apparatus. 


Steam Engineering 
PLANT 
selanlage, Foge, Zeitschrift fiir Dampfkessel und Maschinen- 


TripLe-FLUE BoILer (Eine Dreiflammrohr-Kes- 
betrieb, vol. 37, no. 33, p. 395, August 14, 1914, 2 pp., 5 figs.. 
d). 


lately in a textile plant at Linden, Germany. 


The article describes a triple flue boiler plant installed 
Recently, the 
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Fig. 5 


Tripie 


a great sensitiveness of indication. In a metal vessel, a, 
there floats in a liquid a specially shaped body b, provided 
with diving bell e, whieh divides in two the air space over 
the liquid. The spaces thus formed are connected by means 
of pipes or hose with the air tanks d and d,, which are in 
their turn connected with the Pitot tube e. The large area 
of the diving bell insures a high sensitiveness of the appa- 
ratus while the tapered formation of the head of the float 
produces an equal rise of the entire structure out of the 
water. In order to transfer the motion of the float without 
friction and without the use of any packing, to the reeord- 
ing apparatus, 
surrounded by 


an iron piece g is set on a brass spindle f, 
a brass pipe, well serewed on to the cover 
of the device. Around this brass pipe is located a magnet 
resting on the lever h. The stylus i then shows the velocity 
oceurring at the instant. By means of the counter device 
k, the amount of gas flowing through the pipe or passage 
‘an be read direct. 

The clever arrangement of this counter-device is shown in 


Fig. E. The end of the lever carrying the magnet is pro- 


vided with a graphite piece a, the shape of which has to be 
established experimentally so as to be in accordance with 
A small clockwork ar- 


the section of the measuring tube. 


SECTION C-D 


Five PLant 


former power plant of the factory became insuflicient to 
take care of the increased output, while the limitations ot 
space did not allow of an increase of equipment by installing 
more units. The only thing that remained therefore was 
to take out the existing equipment and to put in new units 
which would, with the same amount of space, produce a sub- 
stantially larger output of steam. While the use of water 
tube boilers would solve this problem sufficiently well it could 
ot be resorted to on account of the extremely bad proper- 
ties of the water in the river Ihme, from which the boi'er 
feedwater was taken. After careful 
situation, the use of very large triple flue boilers was de- 


consideration of the 
cided upon and units were selected having 155 q.m. heating 
surface and producing steam at 12 atmospheres pressure. 
300 deg. cent. (540 deg. fahr.) super heat, the feedwater 
heing previously preheated to 110 deg. cent. (230 deg. fahr.) 
in a cast-iron cylinder of the Green type. Fig. 5 shows the 
way the installation was effected. 


New Evaporation APPARATUS FOR THE PRODUCTION OF 
DistitLep Water (Ein neuer Verdampfapparat zur Er- 
Zeits. fiir Dampf- 
kessel und Maschinenbetrieb, vol. 37, no. 30, p. 367, July 


seugung von distilliertem Wasser, H. W. 
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42,1914. 1 p., 1 fig. d). The article describes a new ap- 
paratus for the production of distilled water. The appa- 
ratus, built by the Baleke Machine Company of Bochum, 
Germany, differs from other types now on the market in 
that it compresses a part of the steam of evaporation by 
means of live steam and in this way enables the former to 
take part in the further evaporation process, the compres- 
sion being effected by means of what the author calls a 
“thermo-compressor.” This is nothing but a steam jet ap- 
paratus of peculiar construction, possessing an exception- 
ally high efficiency, and is the most important part of the ap- 
paratus; the latter delivers distilled water ready for actual 
use. 

The general construction of the apparatus is shown 
in Fig. 6. It consists of the raw water tank A and pre- 
heater B, thermo-compressor C and vaporizer D, in addition 
to which there are of course piping, condensers and a 
wrought iron frame. The vaporizer works by means of 
live steam which is led on to the thermo-compressor after 
it has gone through the water separator W. A part of the 
live steam carries over by suction from three to four times 
its weight of steam from the evaporation chamber K of the 
vaporizer, the compressed steam mixture passing then into 
the vaporizer chamber D. Here the steam mixture is con- 
densed and gives up its heat to the distilled water, which 
is equivalent to producing from the water to be distilled, an 
amount equal to its weight of steam of evaporation. If now 
one part of live steam compresses four parts of steam of 
evaporation, in five parts by weight of the steam mixture 
reaching the vaporizer chamber, it will convert five parts 
by weight of water into a similar weight of steam of 
evaporation. Out of these five parts, four are carried by 
suction through the thermo-compressor, conducted into the 
steam chamber, and there condensed, while the fifth part 
goes into the preheater B and preheats there the entire 
water which is to be distilled to nearly 100 deg. cent. (212 
deg. fahr.). It appears that when water starts with an 
initial temperature of 10 deg. cent. (50 deg. fahr.), this 
amount of steam is just sufficient for doing that work. As 
a result, therefore, the total steam of evaporation is con- 
densed, four parts in effecting further evaporation and one 
part in the preheater, and the water of condensation, which 
is in this ease also the distillate, is conducted into the stor- 
age tank and used for any purposes that may be required. 


GENERAL CONSIDERATIONS CONCERNING CONDENSER AIR 
Pumps (Considérations générales sur les pompes a air des 
condenseurs, A. Delas. Mémoires de la Société des In- 
génieurs Civils de France, ser. 7, vol. 67, no. 5, May 1914, 
p. 585. 11 pp., 13 figs. d). The article describes various 
air pumps used in connection with steam turbine plants. 
lt is mainly of historical and descriptive nature and pre- 
sents general considerations on the construction of appa- 
ratus, otherwise well familiar to American engineers, such 
as the Leblane rotary jet pump and the Delaporte ejectair 
(for the latter see The Journal, July 1913, p. 1183). 
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Iron After the Skin has been Removed, Enrique Tou- 
ceda (abstracted) 
The Selection of Grinding Wheels for the Foundry, C. F. 
Dietz 
Elimination of Waste Motion in Bench Molding, R. E. Ken- 
nedy and J. C. Pendleton 
Researches in the Annealing Process for Malleable Castings, 
Oliver W. Storey 
General Melting Characteristics of Acid Steel for Castings, 
A. F. Stirling Blackwood 
Safety and Sanitation in the Brass Foundry, F. Moerl 
REMARKS ON THE STRENGTH AND DvucviLity OF MALLE- 
aBLE Cast Iron APTeR THE SKIN HAS BEEN Removep, En- 
rique Touceda (13 pp., 3 figs. pe). This article discusses 
the question of the strength and ductility of malleable cast 
iron after the skin has been removed, and combats the idea 
that, after the skin has been removed, the remaining metal 
is of inferior quality, if not absolutely worthless. As re- 
gards the structural composition of good malleable iron, one 
must bear in mind that, if it has been properly annealed, its 
structure must consist of ferrite and free carbon, and with 
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the exception of the ferrite in the rim, the ferrite in the rest 
of the piece is contaminated more or less with free carbon, 
so that, with two exceptions, the structural compositions of 
wrought and malleable iron are in the main identical. One 
of these exceptions is that the ferrite of the malleable iron 
is higher in silicon than that of the wrought iron, but that 
affects neither the ductility nor the size of the erystals of 
the ferrite. The other exception results from the presence 
of free carbon in the ferrite of malleable iron, which may 
affect the strength of the iron and ductility of the material 
where it occurs in concentrated form, in patches. As re- 
gards the skin, it appears that if the annealing process has 
been arrested at the exact moment when the last trace of 
free or pearlitic cementite in the casting has been broken up 
into ferrite and free carbon, there will be around the edge 
of the casting a rim about '/,, in. deep of practically ear- 
bonless iron. The structure of the balance of the section 
is very uniform throughout. The author discusses at certain 
length the influence of the rim on the strength of the bar 
and its elongation, and while he admits that the rim ean add 
greatly to the final strength of the bar, he questions the pos- 
sibility of its affecting the elongation, at least affecting it 
favorably, and comes to the conclusion that any record of 
elongation on a malleable iron test bar expresses elonga- 
tion of the metal in the core only, as the metal in the rim 
is capable of further stretching. 

The author during the past few years has made numer- 
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ous physical tests on malleable cast iron, and he noticed that 
defects nearly always exist in the bars such as are usually 
made for tensile tests, due to the unsoundness caused by 
shrinkage or faulty contraction as the case may be. Many 
test bars are made with a reduced section either to enable 
the grips of the machine to hold the specimen better or to 
foree the bar to break outside the grips. A bar cast in this 
manner is nearly always defective, due to the inability of 
the iron to set normally. In bars of uniform section through- 
out, defects are frequently found to exist at the central por- 
tion of the bar. In experiments to determine the difference 
in strength between skin and core, often as much as */,, in. 
of the stock is removed in the finishing cut all around the 
bar which represents perhaps 30 per cent of the original 
area and sometimes even more. If the region around the 
center of the test bar is unsound, the data of such a test can 
give no information as to the relative strength of the metal 
in skin or core. In order to determine the relative strength 
of machined pieces and pieces with the skin on, dynamic 
tests were made with the following results: 

AFTERNOON HEAT OF JUNE 3 
Machined wedges 
Average of 4 tests, 13.2 blows 
AFTERNOON HEAT OF JUNE 4 


Unmachined wedges 
Average of 4 tests, 18.5 blows 


Unmachined wedges Machined wedges 

Average of 4 tests, 29.75 blows Average of 4 tests, 26.5 blows 
MORNING HEAT OF JUNE 6 

Unmachined wedges 

Average of 4 tests, 19.75 blows 


Machined wedges 

Average of 4 tests, 21.2 blows 
The author discusses in further detail the question as to 

why he selected for the test purposes bars in the form of 

wedges, a shape which appears to give good results for this 

particular purpose. 


ELIMINATION OF Waste Motion 1n Bencu Mo pine, R. 
E. Kennedy and J. Pendleton (10 pp., 4 figs. dp). The 
article describes methods of elimination of waste motion in 
bench molding. In studying the conditions existing in an 
ordinary foundry, the writer has found a considerable 
amount of wasteful lost motion due to an inconvenient 
arrangement of the bench, and it was found best to have 
the benches made of the wall type, even though in a great 
majority of cases a portable bench over the sand pit is most 
economical, due to the reduced handling of sand and mould. 
On the bench shown in Fig. 7, the arrangement is such that 
the tools have to be placed in the proper places and the fore- 
man or molder can see at a glance whether the tools are all 
in proper condition. Every tool can be seen at once, so that 
there is practically no loss of time in searching for it on the 
bench. The tool box is returned to the tool room each even- 
ing, when the condition of the tools may be inspected. Spe- 
cial tools are placed in the box issued to the molder as- 
signed to a particular job where they are required, and the 
bench cannot then be littered with a mixture of tools, pat- 
terns, old cores, ete. The two brackets marked AA are to 
hold the cope when no patterns are to be drawn from it. 
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Draining Kerr Lake, Robert Livermore 

Nodulizing Blast-Furnace Flue Dust, Lawrence Addicks (ab- 
stracted ) 

Basie-Lined Converter Practice at the Old Dominion Plant, 
L. O. Howard 
August 1914 
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Melting of Cathode Copper in the Electric Furnace, Dorsey 
A. Lyon and Robert M. Keeney 

Tests of Rock Drills at North Star Mine, California 

Rope Idlers in the Raven Shaft, George A. Packard 

Electrical Fume Precipitation at Gartield, W. H. Howard 

The Annealing of Cold-Rolled Copper, Earl S. Bardwell (ab- 
stracted ) 

Curves for the Sensible Heat Capacity of Furnace Gases, 
C. R. Kuzell and G. H. Wigton 


Nopuuizina Biast Furnace Five Dust, Lawrence Ad- 
dicks (July 1914, 4 pp. ep). The article describes a proc- 
ess used at the refinery of the United States Metal Refin- 
ing Company, Chrome, N. J., where a large amount of un- 
smelted blast furnace flue dust has been accumulating and 
some scheme had to be devised for usefully taking care of 
this material. After a careful consideration of the prob- 
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lem, the process of nodulizing was decided upon. The kiln 
was approximately 2 ft. in diameter and 20 ft. long and 
was fired with fuel oil, the consumption being about 50 gal. 
of oil per ton of flue dust. Later, a larger kiln, 60 by 6 
ft. was decided upon with a 6 in. brick lining. With the 
test kiln, there was a decided tendency to the formation of 
nose rings, and it was found that to avoid them a steady con- 
dition of flame was very necessary. Trouble was also ex- 
perienced because of a formation and subsequent plaster- 
ing of sand on the walls through overheating of the kiln. 
This could be obviated only by skill and care on the part 
of the attendant. As regards the comparison of noduliz- 
ing with blast roasting, it was found that the former was 
entirely independent of the necessity of having a properly 
balanced internal fuel supply. 

As far as the operating cost goes, the cost of fuel is 
the deciding element.- A single operator can attend to the 
firing of several kilns, and the repairs should be small as 
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the machinery is simple, thoroughly standardized, and not 
exposed to the heat. 


THE ANNEALING COLD-ROLLED Copper, Earl 8. Bard- 
well (20 pp., 20 figs. eA). The author discusses the an- 
nealing of cold-rolled copper with respect to the effect of 
annealing temperatures on physical properties and changes 
in the microstructure of refined copper due to cold-rolling 
and annealing. As regards the former, the test bars were 
selected with the contents of copper and silver together 
from 99.93 to 99.85 per cent and varying in oxygen con- 
tents between the limits of 0.036 and 0.070. The tensile 
strength of copper wire annealed at various temperatures 
is given in the article both m the form of tables and curves. 
It was figured out by multiplying the breaking weight in 
pounds by the reciprocate of the cross-section area in square 
inches. As the temperature of annealing increased, the 
tensile strength pretty uniformly went down from 63,000 
to 65,000 lb. at a temperature of annealing of 60 deg. 
fahr. to about 35,000 lb. at 1000 to 1100 deg. fahr., and 
then began slowly to rise from 37,000 to 39,000 Ib. for 
a temperature of 1800 deg. fahr. On the other hand, the 
percentage of elongation reached its maximum at about 
1300 deg. fahr. The author compares his results with 
the results obtained by the French investigator, Capt. C. 
Grard, whose results differ materially in some respects from 
those obtained by the author, but this article goes further 
into detail with respect to the changes in the microstrue- 
ture of refined copper due to cold-rolling and annealing. It 
is found that the temperature at which strained metal is 
annealed seems to exert considerable intluence upon the 
formation of polysynthetic twin crystals as well as upon 
the size of the erystals in general. The increase in the size 
of the crystals is accompanied by a decrease in the per 
cent of elongation, which is of interest since a piece of 
annealed metal having a maximum per cent elongation is 
in the best physical condition for withstanding further 
mechanical treatment. As regards the trouble caused by 
over-heating copper in the annealing furnace, it appears 
that over-heating facilitates the development of polysyn- 
thetic twin erystals and results in a decrease of the per 
cent elongation. Sheets which have been overheated in 
this way give trouble by cracking at the edges. If the an- 
nealing temperature is very high, gases which are unable 
to escape when the metal is cast, tend to segregate at the 
granular boundaries. Overheating the copper previous to 
the breaking-down rolls, as a rule, results in blisters. When 
the annealing temperature becomes so high that the metal 
begins to soften, the gases contained in the metal tend to 
force the grains, thus causing cracks into which the oxygen 
in the atmosphere penetrates. 


Bulletin, September 1914, New York City. 
Curves for the Sensible-Heat Capacity of Furnace Gases, 
C. R. Kuzell and G. H. Wigton 


The Surface Deearbonization of Tool Steel, J. V. Emmons 
(abstracted ) 


Coal-Dust Explosion Investigations, M. J. Taffanel 
Rolled Steel Roll Shells, James C. H. Ferguson 


Finishing Temperatures and Properties of Rails, George K. 
Burgess, J. J. Crowe, H. S. Rawdon, R. W. Waltenberg 


Manganese Steel and the Allotropic Theory, Albert Sauveur 


Tue Surrace DECARBONIZATION OF TooL STEEL, J. V. Em- 
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mons (15 pp., 13 figs., te4). The article discusses surface de- 
carbonization of tool steel. The phenomenon itself has been 
observed before, but the origin and effects of it have been 
but little studied. In order to investigate the reaction oceur- 
ring in the surface decarbonization and to determine the rate 
at which it proceeds at various temperatures, pieces from a 
bar were annealed in a strong current of pure dry carbon 
dioxide at various temperatures, after which a microscopic 
examination was made of the cross-section and the depth of 
deecarbonization measured by means of a micrometer eye piece. 
lor greater ease and accuracy, it was measured only from 
the surface to the point of supersaturation or to the point 
where free cementite first made its appearance. In all these 
experiments, decarbonization has been effected by oxygen in 
the form of a gas. In order to determine if it is necessary 
tor the oxygen to be in the form of a gas to combine with 
the carbon in the steel a erucible of lead was saturated with 
lead oxide by the addition of litharge. The test piece was 
unnealed in it for 1500 deg. tahr., after 
which a microscopic examination revealed decarbonization to 
a depth of 0.024 in., which shows that easily reducible oxides 
when dissolved in a metal bath may also etfect the elimina- 
tion of carbon. The experiments have on the whole shown 
that carbon is removed from steel by a process of oxidation 
which may be effected either by gases or liquids: that among 


three hours at 


bases, the principal active agents are air, carbon dioxide and 
water, while as to the liquids, any good oxidizing agent dis- 
solved in a liquid bath may be the aetive agent. During 
the annealing, carbon dioxide necessary for the elimination 
ot carbon may be formed through the reduction of iron oxide 
by carbon monoxide, but no case has been observed where 
carbon was eliminated while the steel was heated below its 
critical point, which proves that carbon must be dissolved in 
The rate of 
decarbonization under uniform conditions is constant with- 
out regard to the depth to which it has proceeded. This 
would tend to indicate that the carbon is transferred from 


the iron before decarbonization can take place. 


the interior to the surface by diffusion toward the solid 
solution. 

The practical importance of deearbonization of tool steel 
lies in the difficulty of machining what is known as “ bark ” 
or the decarbonized surface, which must be removed before 
the steel can be used for cutting tools, wearing surfaces, 
ete. The depth of the bark may vary greatly, owing to 
oxidizing conditions during the hammering, relling and an- 
uealing of the rough material. The common method of de- 
termining the thickness of the bark is by examining the 
hardened fracture by means of the naked eye or under a 
magnifying glass. The bark shown is coarser zrained than 
The author has made a number 
of experiments to determine the reliability of this method, 
the data of which will be found in the Table 1, p. 0199. 
From it, it appears that with the increase of temperature 
there is an increase in the amount of bark, due obviously 
to the fact that an increased amount of cementite is held 
in solution by quenching from the higher temperatures. The 


method of inspection by the naked eve or under a magnify- 


the high carbon interior. 


ing glass is therefore reliable only when the hardening heats 
are carefully regulated and the results frequently checked 
by microscopic examination. The most reliable method of 
inspection is by microscopic examination of an annealed 
specimen in which case the measurement of the depth of 
deearbonization may be made with a micrometer eyepiece. 
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In the machining of tool steel, the bark presents serious 
difficulties which increase still further when the machining 
is done in such a manner that only a part of the layer of 
coarse pearlite is removed. In this case the surface of the 
work will be rough and the point of the tool worn out with 
great rapidity. The cause of the appearance of a layer of 
coarse crystals is the difference between the critical points 
of eutectoid and hypereutectoid steel, the eutectoid steel be- 
ing at the correct temperature for annealing, while the 
hypereutectoid steel is far enough above its critical point to 
allow the erystallized grains to grow to a considerable size. 
The cause of the hard wear on the eutting tool when en 
countering bark formation is due to the way the tool euts, 
viz., the facet that when removing a chip from a_ piece of 
metal, it splits it off by an action similar to a wedge so that 
the hardest work of the tool occurs not at the extreme point, 
but a short distance back from the point where the pressure 
of the chipping is greatest. There is therefore always a 
erack running ahead of the tool as it is forced through the 
material which is being cut, but when the tool is eutting in 
coarse pearlite, this crack will follow the lines of least re- 


TABLE 1 DEPTH OF BARK AS A FUNCTION OF TEMPERATURE 
OF HARDENING 


Temperature of Hardening, Depth of bark, 


deg. fahr. inches 
1370 0.015 
1380 0 018 
1390 0 O18 
1415 0 O18 
1435 0.021 
1460 0.020 
1490 0 024 
1530 0 027 


sistance which in this ease are the boundary lines of the 
grains and through the grain in the direction of the lamina- 
tions. The larger the size of crystalline grains, the more ir- 
regular will be the crack and the rougher the resulting sur- 
Now the reugh surtace left by the crack running 
ahead of the tool increases the amount of work and friction 


lace. 


on the extreme cutting edge, the point of the tool being 
obliged to rub over the protruding grains of pearlite and 
to tear out some of them entirely. This is intensified by the 
great abrasive quality of the cementite when held by alter- 
nate plates of territe. The case becomes even worse wher 
the bark consists of a band of coarse hypereutectoid steel 
below the band of coarse pearlite, in which case the coarse 
grains of pearlite are bound by a cementite underwork which 
That the 
bark has to be removed there can be searcely any doubt, 


seems to add greatly to the difficulty of machining. 


since when a piece of steel is hardened the surface is hard- 
ened only in proportion to the carbon it contains. Since, fur- 
ther, in the great majority of cases where tool steel is used, 
it is the edge that takes up the most severe work, the presence 
of the bark would rapidly produce blunt edges in tools, un- 
dersized in reamers and twist drills, or over sized in dies. 
AMERICAN SOCIETY OF CIVIL ENGINEERS 
Proceedings, vol. 40, no. 6, August 1914, New York City. 
External Corrosion of Cast Iron Pipe, Marshall R. Pugh 
(abstracted ) 
The Design and Construction of Four Reinforced Concrete 
Viaducts at Fort Worth, Texas, S. W. Bowen 
The Clarification of Sewage by Fine Sereens, Kenneth Allen 
EXTERNAL Corrosion oF Cast Iron Pipe, Marshall R. 
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Pugh (50 pp., 21 figs. gp). The discussion of conditions where 
special protection of cast iron pipes against external cor- 
rosion is needed and suggestions of preventive methods 
adopted to different cases, forms the chief part of this 
article. The author takes up in considerable detail 
where cast-iron pipe proves extremely durable as well as 
where it deteriorated very rapidly. 


“ases 


He mentions the acid 
und electrolytic theories and shows that among the conditions 
contributing to corrosion, the following may be mentioned. 
The rate of corrosion has been found to increase in pro- 
portion to the increase of free carbonic acid. Cast iron sub- 
jected to slow action of dilute acids, as for example acid 
water from mines, retains unchanged the external shape of 
the casting, but the composition of the metal is altered, iron 
being removed in Rain water, particularly in 
thunderstorms, contains nitric acid or 


solution. 
nitrates which may 
also be present in polluted waters; potassium nitrate or 
potassium sulphate have been found to produce strong cor- 


rosion; magnesium and ammonium chlorides (the form 
found in sea water) corrode iron even in the absence of 
air. Oxygen plays a very important part in corrosion. The 


rate of motion of water also has a bearing on the rapidity 
of corrosion, as under certain circumstances it brings a con- 
stantly renewed supply of air to the rusting metal. The 
action of living matter has likewise to be taken into consid- 
eration for, although the direct action of any organism is 
doubtful, it is possible that certain living organisms secrete 
acids which lead to corrosion. This applies both to the 
animal kingdom and humic acids. In certain places, for 
example in Southern Illinois, the soil shows a marked acid 
reaction, and when it does, it produces a material intensifica- 
When this 
tent exists only to a certain depth, steel buried at a greater 
depth does not seem to exhibit any unusual tendeney to cor- 
rosion. The author discusses also the conditions of inhibit- 
ing corrosion, such as the effect of conerete, siliceous seale 
on ¢cast-pieces, the presence of small quantities of chromium, 
nickel and copper in the iron, the presence of phosphorus 


tion of corrosion of steel structures. acid eon- 


and the coating of iron with zine or tin. He diseusses a 


number of cases of deterioration of cast-iron pipe. Among 
the recipes to prevent rusting of iron, he quotes one given in 
the vear 1790, which is as follows: 

“ Fry a middling eel in an iron pan, and when brown and 
thoroughly fryed, express its oil and put into a phial, to 
settle and become clear in the sun. Iron annointed with this 
oil, will never rust, although it lay in a damp place.” 

The more modern method which the author recommends 
is resorting to the improvement of the skin resistance of the 
metal. The use of lime in the trenches so as to encase the 
pipe in an inhibiting alkali is also recommended. Leaving 
the pipe in an open trench might also be a help as the alter- 
nate wetting and drying would probably be preferable to a 
constant exposure to moist air, salt and carbonie acid in 
the swamp soil. At Atlantic City, the cast-iron water mains 
across the salt marsh have been raised above the surface of 
the middle of the marsh so that they are entirely in the air. 
In certain cases it is advisable to galvanize cast iron instead 
of giving it the ordinary bituminous coating. This method 
has also been used in some instances for the protection of 
gratings, covers and similar castings. The writer is 
aware of its having been applied to cast-iron pipe. 
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AMERICAN SOCIETY OF NAVAL ENGINEERS 
Journal, vol. 26, no. 3, August 1914, Washington, D. C. 

The American Society of Naval Engineers, Its Origin, Scope 
and Purpose, Rear Admiral John R. Edwards 

The Engineering Experiment Station, H. G. Bowen (ab- 
stracted ) 

Optical Glass, F. J. Cleary 


Method of Mending Crack in Cylinder Flange, Capt. F. W. 
Bartlett 


The Dynamical Equivalent “of Heat, Rear Admiral John 
Lowe 


Notes on Evaporating Plants, H. C. Dinger 

Corrosion of Common Metals and Methods of Prevention, 
S. J. Zeigler 

Notes on Aeroplane Stabilization, Wm. L. Catheart 

THE ENGINEERING EXPERIMENT Station, H. G. Bowen 
(15 pp., 16 figs., g). The article presents briefly the results 
obtained at the Engineering Experiment Station of the 
United States Navy at Annapolis. This station appears to 
have definitely proved its value to the United States Navy, 
as, e.g., it has in some cases materially reduced the price 
paid for navy supplies. It is conclusively shown that rub- 
ber sheet packing is worthless for high pressures and that, 
for the present, metallic ring packings have no substitute. 
Tests with respect to gage glasses have shown that the glass 
of tubular or reflex gages corrodes in high-pressure steam 
under the usual surface conditions, and if this action econ- 
tinues long enough, the glass will dissolve and finally fail 
under pressure. The only certain and efficient method of 
protecting the gage is by covering the pressure side of the 
glass with a thin sheet of mica which keeps the glass trans- 
parent and unattacked as long as the mica covering is in- 
tact. Further, it has been found that superheated steam cor- 
rodes and does not erode valve fittings, and that monel metal 
resists this corrosive action better than class A or B steel. 

With respect to lubricants, it has been found that when 
sulphuric acid is mixed with oil while the latter is being re- 
fined, the oil may form a sulphonated product which is not 
wholly eliminated and may, under sufficient agitation, pres- 
sure and temperature, break down into acid and waxy 
sludges. A specially constructed machine has been pro- 
vided for testing forced lubrications under service condition 
and observing their action when mixed with salt water (see 
The Journal, July 1914, p. 152). 

The subject of corrosion of packing and boiler plates has 
been investigated and among other things, the strength of 
a solution of sodium carbonate, which would render all boiler 
materials non-corrosive, has been established and a com- 
pound has been issued to the service having the following 
composition : 


Calcined soda ash (96 per cent Na,CO3)........... 64 to 69 per cent 
Tri-sodium phosphate (96 per cent NagPO,)...... 15 to 20.5 per cent 
Tannic acid (contained in cutch digested with 


The tannic acid is introduced in order to hold the pre- 
cipitates in suspension and to prevent adhesion of the scale- 
forming salts to the heating surfaces while the glucose tends 
to prevent adhesion of any sulphate scales. 

The testing of feedwater heaters had quite a large share 
of attention in the Experiment Station, and reliable data on 
the transmission of heat in modern feedwater heaters have 
been developed. Among others there were made a series of 
tests to determine the rate of heat transmission in B.t.u. 


per sq. ft. of heating surface per hr. per deg. fahr. tempera- 
ture difference between the steam and water at water veloci- 
ties from 35 to 171 ft. per min. and with various shell pres- 
sures. Another series of tests was undertaken to indicate 
the performances of an apparatus as a multipass heater. 
Among other apparatus tested were boiler feed pumps, 
foreed draft blowers, satety valves and feed meters. One 
of the valuable results of the work of the Experiment Sta- 
tion is said to be the elimination of material which on short 
stereotyped tests is satisfactory, but fails in long duration 
competition, as well as the elimination of undesirable or 
freak designs. 
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Transactions, vol. 27, part 2, October to December 1913, 
Montreal. 

Elevator Construction, J. Spelman (abstracted) 

The Toronto Water Filtration Plant, F. F. Longley 

Some Disregarded Stresses on Joints and Ends of Steel in 
Reinforced Concrete Construction, H. A. Icke (ab- 
stracted ) 

ELevator Construction, J. Spelman (10 pp., 23 tigs., d). 
The article gives a brief historical sketch of early elevator 
construction and describes a number of units, mainly in 
Canada. Among other things, the author states that in the 
elevator at Victoria Harbor, Port MeNicoll, a concrete stack 
was built which had a good many cracks in it, the reason of 
which was that there was not sufficient concrete in the stack. 
Since then, another stack has been erected in which there are 
no cracks and the theory upon which it was built was to put 
in enough steel to take the tension if the concrete cracks and 
then enough concrete to take the tension anyway, so that 
the tension on the combined section of the concrete and the 
steel should be large enough to prevent the concrete from 
cracking, the walls being about twice as thick as those made 
by the ordinary stack builder. 


Some DisREGARDED STRESSES ON JOINTS AND ENDS OF 
STEEL IN Rernrorcep Concrete Construction, H. A. Icke 
(5 pp., 5 figs. t). The author considers the disrupting 
forces which may occur as the result of the development of 
different degrees of strain in contiguous parts of the steel, or 
steel and concrete, especially in lap joints, and while no 
claim is made to the establishment of a theoretical method of 
determination of the precise effect of these disrupting forces, 
he recommends the following practical rules for their pre- 
vention : 

(1) Bars forming lap joint and sustaining either 
tensile or compression stress should each be curved away 
from the other for a little less than half the iap, so that 
the angle of deflection of the curve and approximately 
the divergency between the two bars, at any distance 
from the point of springing of either curve, may be 
proportional to the difference of the stresses carried by 
the. bars at that distance from the springing. 

(2) Bars should not end pointing in the same direc- 
tion as the stress (either positive or negative) carried 
by the concrete or contiguous bars, but approximately 
at right angles thereto. 

(3) Bars cannot pick up stress in the same direction 
as, but differing in sign from, the stress carried by the 
conerete in which they are imbedded. 
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CORPS OF ENGINEERS, UNITED STATES ARMY 

Professional Memoirs, vol. 6, no. 29, September-October, 
1914, Washington Barracks, D. C. 

Development of Explosive for Our Demolition Equipment, 
Major W. G. Caples 

The U. S. Seagoing Suction Dredge “ New Orleans,” Major 
k. H. Sehulz (abstracted ) 

Winter Work in the Construction and Repair of Dams and 
Shore Protections in the United States Improvement of 
the Upper Mississippi River, C. W. Durham 

Tue Seacoinc Suction Drepce “ New 

Major E. H. Schulz (12 pp., 4 figs., d). The article de- 

seribes a suction hopper type of dredge with twin screws 

and twin rudders, built in this country. The peculiar feature 
of this dredge is the suction-head. This is of the Friihling 
type, and is at the end of the drag-arm, which is hinged and 
suspended from the stern of the vessel. 

The dredge arm is a girder, and measures 68 ft. 6 in. be- 
is built 
up of steel plates and angles attached at each end to steel 


tween trunnion centers and dredge-head axis. It 
castings of extra good quality. The two 26-in. steel suc- 
tion pipes are built into and torm part of the dredge-arm. 
The steel castings (trunnions) at the forward end of the 
arm work in steel trunnion bearings forming part of the hull 
in the well. To the castings at the after end of the arm are 
attached, first, the suction-head trunnions, and then the suc- 
tion-head. Both the and suction-head trun- 
nions were made of vanadium cast-steel. The castings at the 
ends of the dredge-arm are hollow and form part of the suc- 
tion pipe. 


suction-head 


The original suction-head is made of segments of three 
widths, and can be made 10 ft., 16 ft. 8 in., or 20 ft. wide. 
The pressure water (200 lb. per sq. in.) ean be used as jets 
on the cutting edge to loosen hard material, or as mixing 
water inside the head when the mud is thick enough to choke 
up the suction to the pumps. The opening in the suction- 
head is controlled by portable bafile-plates. 

The suction end of the arm is attached to the special hoist- 
ing winch at the stern of the dredge, by two extra pliable 
in diameter. 
played in and out, depending on the depth and character of 
material. 


plough-steel cables 144 in. These cables are 
At about the center of the dredge arm are two 
vak guides with steel wearing plates that work on steel rub- 
bing plates on the sides of the well. The dredge-arm, inelud- 
ing the suction-head, weighs about 60 tons. 

The method of socket connection first used was as follows: 
The ends of the wire (Fig. 8A) were passed through the 
socket, served inside the socket with wire, the end unlaid, the 
heart taken out, the ends of wire bent over into the socket, 
and the spike driven into the heart. The ends were then 
brought together and pulled into the sockets with a tackle. 
After the end was pulled in, the socket was poured full of 
Magnolia white metal, and allowed to cool. 

An accident occurred, however, which caused a test to be 
made at Tulane University, in which it was found that socket 
connections made exactly similar to those which broke on the 
dredge began breaking at loads of 44,000 and 38,200 lb., re- 
spectively, and the maximum loads carried were 53,340 and 
58,090 Ib. 

The design of the socket has therefore been changed, and 
the method of connecting the cables now adopted is as fol- 


lows: The cable is spliced around a thimble (Fig. 8B), mak- 
ing a loop, which takes the place of the eye of the socket. No 
data as to the strength of this construction are given. 
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Proceedings, vol. 30, no. 4, May 1914. Pittsburg. 


Measurement of the Velocity of Flowing Water, Lewis F. 
Moody 

Pitot Tube Formulas—Facts and Fallacies, B. F. Groat 
(abstracted ) 


Piror Tuse Formutat, B. F. Groat (59 pp., 12 figs., 
dtp). The article diseusses the application of the pitot tube 
The 
author calls attention to the great difference of opinion as 
to whether the head raised in a pitot tube is equal to the 
velocity head of the impinging water or to twice that veloe- 
ity head, and shows from the Bernoulli formula that the 
head cannot be twice the velocity head of the impinging 
water. 


formulae and possible fallacies in this connection, 


He shows further that it is ineorreect to claim that 
the effects of eddies and friction would tend to cut down 
the head so as to vitiate either of the resulting formulae 


applied in the case of the pitot tube. In the paper itself 
2 


j 
the author proves that the formula h = D9 applies to the 


2 


a 


pitot tube while the formula kh = _ applies to the ease of 


a jet impinging perpendicularly upon a plane surface. He 


Splice and eye both served 


Cast Stee/ 


Wire Rope Clip 
imble 
End of Wire sp/icea around Thimble 


PRESENT METHOD OF ATTACHING CABLE 


"Dia Wire Rope 


12 Dio. Eye-bolt 


¢ 
pike 
Wire of Cable broke 


approximately along this Section 

METHOD IN USE PRIOR TO BREAK OF CABLE IN SEPT. 1913 
Fic. 8 Two Meruops or Atracuinc CaBLe Drepors 
shows also that in both of these cases, the actual maximum 
pressure head developed in the water is the same and is 

2 

equal tos , but the total pressure on the plane surface, if 
divided by the numerical value of the area of the jet, would 
be equivalent to an average pressure head representd by 
g 

An interesting part of the paper is that reporting the re- 
sults of experiments by the writer, made while conducting 
an elaborate series of turbine tests, as well as a method of 
determining the coefficient of the pitot tube by a compari- 
son of its records with the corrected records of two differ- 
ent types of current meter when these records are derived 
from the variable velocities of a tail race. 

The author has found as being unqualifiably proved by 
experimental facts that the intensity of pressure of a jet 
of water upon the face of a plate is always and everywhere 


we 
upon the plate less than » where w is the weight of a 


cubie unit of water, and that experiments on taking mano- 
meter pressures through holes in the plate, show that the 


pressure upon the surface of the plate is nowhere greater 
2 


wv 
than 99? equaling this value at the center and diminish- 
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ing radially therefrom in all directions. The author then 
proceeds to an experimental determination of the distribu- 
tion of pressure from a plane surface upon which a jet of 
water impinges. He starts from data obtained by William 
Monroe White, in America, and J. 8. Beresford, in India, 
who found that the pressure falls to a negligible value at 
the distance from the axis of the jet equal to the diameter 
of the jet and that the portion of the area of the plate which 
sustains any appreciable pressure is about four times the 
sectional area of the jet. 

From the experiments of Beresford, it appears that in no 
case did the intensity of pressure reach that due to a column 
of water of a height equal to the head of water in the bar- 
rel; or in other words, to that of a head due to the velocity. 
In some cases it approached this limit to within '/,, of an 
inch, so that had interfering causes been entirely removed, 
the surface of the water in the two glass tubes would have 
been on the same level for actual positions of the plate. 
The author presents a simple mathematical proof of the 
pitot tube formula, which is not, however, convenient for 
abstracting. The conclusion to which he comes is that the 
change in pressure depends in no measure upon the man- 
ner in which the velocity changes from point to point, but 
only upon the initial and final values of the velocity, and 
that since the total reaction depends upon the initial and 
final values of the velocity and not upon the intermediate 
velocity gradients, the pressure head over a finite area at 


some point within the pitot tube is practically uniform and 


equal : 


The paper discusses to a certain e.tent questions of the 
effect of form of static opening and the reaction of a jet 
with respect to the static opening. The author agrees with 
the statements made by Mr. W. C. Rowse in his paper on 
Pitot Tubes for Gas Measurement in the Journal of the 
Am. Soe. M. E., September 1913. He discusses further the 
problem of the standing wave as an illustration of the opera- 
tion of hydrodynamic forces as well as what he calls “ nat- 
ural pitot tubes.” 

One of the problems which the author set for himself was 
to determine the correctness of the indications of the pitot 
tube when handling very large amounts of water, e.g., such 
as would come from a 6000-h.p. turbine, when the observa- 
tions are made in irregular currents of variable velocity. To 
do this, the author decided to make tests with two different 
types of current meter and should the meter tests not agree, 
to check the meters by means of a pitot tube. The meters 
used were a new Haskell meter of the screw type and a new 
large sized Price meter of the cup type, carefully rated from 
a boat and found to be quite reliable in the ratings when 
conditions were favorable. When, however, conditions were 
not favorable, the ratings of the two meters were found to 
vary quite materially; it was later determined that if the 
boat was rocked during the ratings, the meters would change 
their rates of rotation in such a way that the cup meter was 
always accelerated considerably while the screw meter was 
always retarded slightly. When the boat was rocked in 
about the same manner, in two ratings, one upon the screw 
meter and the other upon the cup meter, the deviations of 
the serew meter were about 1-7 those of the cup meter on 
the side of deficiency, the deviations of the eup meter being 
on the side of excess, but when the two meters were operated 


TABLE 2 
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simultaneously in a tail race, taking the readings of equal 
weight, in two different comparisons, for the same meter 
points, the ratio of the sum of the velocities by one meter to 
the sum by the other meter was an almost perfect constant 
for the same discharge; i.e., the meters had perfectly definite 
ratings in the races, but these ratings were not the same as 
those determined from the readings in still water. Neverthe- 
less, there was a means of estimating the true velocity of a 
perturbed current by means of simultaneous observation with 
a cup meter and a screw meter which gave a basis for de- 
termining the coefficient of the pitot tube. 

The article describes and illustrates the type of pitet tube 
used by the author in his experiments. It has an interesting 
and apparently convenient supporting arrangement. In the 


SUMMARY OF PITOT TUBE AND HASKELL METER 
COMPARISONS FOR 99 VELOCITIES TAKEN IN DEPTHS 2, 3. 5, 
6, 7 IN THE TAIL RACES 


(About 4000 individual readings of the head indicated by the Pitot tube were 
made for the purpose of determining the figures in this table 


Depth No. of Expt’s Pitot Meter Ratio P +M 
2 22 76.55 72.59 1 055 
3 22 82.03 1 ool 
5 22 86.11 86.37 0.998 
6 14 59.11 60 17 982 
7 19 80.73 S206 
Totals. 384 53 383.17 1 M4 

TABLE 3 CORRECTED PITOT TUBE AND HASKELL METER 
COMPARISONS 
(Compiled from Tables 2 and 5) 
Ratio of Vel 

True Velocity by by P to Vel. Computed Coefficient 

Depth Velocity Haskell by H Velocity of Pitot 
Table No. 2 Table No.2) Table No. 5 by Pitot Tube 

2 3.98 3.90 1.055 #11 0 96S 
3 4.45 444 1 001 4.44 1 O10 
5 4.92 4.89 0.998 4.88 1 009 
6 5.57 5 55 0.982 5.45 1 021 
7 6.17 6.15 0.984 6 05 1 020 
25.12 24 93 24.95 1 OOS 


Mean coefficient of Pitot tube in tail races = 25.12 +24.95 =!.005. 


turbine tests the dynamic orifice of the pitot tube was con- 
nected to the interior pipe while the static orifice was con- 
nected to the space between the outer casing (1-in. gas pipe) 
and the interior pipe (%4-in. gas pipe). Table 2 gives a 
summary of the results of the comparisons of pitot tube 
ratings with meter ratings, representing the result of about 
4000 individual readings of the head indicated by the pitot 
tube. It shows that the ratio of the aggregate pitot tube 
velocity to the aggregate Haskell velocity, by the table, is 
1.004, so that on an average, the velocity of the pitot tube is 
greater than that of the meter. If, ratio of 
aggregates is derived which is not affected by the variations 
due to differences in depth, revised figures such as are shown 
in Table 6 are obtained, the coefficient of the pitot tube in 
the last column being the ratio of the true velocity to the 
pitot tube velocity. 


however, a 
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In closing, the author describes a boat rigging which may 
be conveniently employed on large rapid streams of con- 
siderable depth where it is intended to determine the dis- 
charge by means of a pitot tube or current meter. In an 
appendix the author explains the principles of a chemical 
method of measuring the discharge of water by means of 
introducing into the water upstream a certain reagent and 
bringing it, in the water, downstream. He explains the pre- 
cautions which have to be taken and the general method of 
carrying out the analysis and estimation. A_ bibliography 
of the measurements of air, gas and water flow by means of 
a pitot tube is given. 


NORTH-EAST COAST INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS 


Transactions, vol. 30, part 4, August 1911, Newcastle- 
upon-Tyne. 

Hicu-Speep Bearings, Gerald Stoney (14 pp.. 13. figs. 
and 3 plates, dg). The article gives a brief historical sketch 
of the theory of friction and lubrication as apphed to high- 
speed bearings as well as the marine situation in this field of 
engineering. Among other things, the author gives fairly 
complete data of the experiments on high-speed bearings, 
made by O. Lasche, which are of particular interest because 
the number of Traction and Transmission (vol. 6, numeral 
22, 1903) in which they were published, is now out of print. 
His tests show that so far as friction is concerned, it is not 
well to use a large shaft and a long bearing, which. how- 
ever, have to be used for igh speeds and heavy loads in 
order to avoid vibration, critical speeds and fractures due to 
vibrations. If the pressure is not too high nor the oil too 
thin, a bearing may run all right so long as there is no vi- 
bration, but if vibration occurs, the oil film may be driven 
eut and seizing take place. Besides, in all high-speed bear- 
ings, artificial means have to be used to carry off the heat, 
the radiation from the bearings not being sufficient. This 
is important, since from Lasche’s experiments it was found 
that the friction is practically inversely proportional to the 
temperature measured from. freezing point, but after a cer- 
tain temperature, it directly inereases and seizing takes 
place, due to the loss of viscosity. Water jacketing the bear- 
ings has not been found as satisfactory as the plan of sup- 
plying suflicient oil to carry off the heat and oil coolers are 
preferable (to cool the oil) as well as oil circulation around 
the outside of the bearings. The heat to be removed is not 
enly that caused by friction, but also that caused by con- 
duction from the steam. The heat which has to be carried 
eff by the oil may be expressed as 

= Kdlv 
where d is the diameter of the bearing in inches, | the length 
of the bearing in inches, and r the surtace velocity im feet 
per second, the constant A varying inversely as the tempera- 
ture above freezing point. 

In marine practice, the formula = div is used 
and gives slightly greater results for the usual speeds in ma- 
rine work and an oil temperature of about 100 deg. tahr. 
Thrust bearings in land turbines which are perfectly bal- 
anced, are working with very low pressures, never exceed- 
ing 20 lb. per sq. in. and even in marine turbines, 50 Ib. per 
sq. in. is never exceeded. There are no tests available as to 
the friction of such bearings, but it is probably fairly high, 
as perfect lubrication is difficult to obtain and as, in addi- 
tion to the area of the main bearings, the area of the top and 
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hottom halves of the collar have to be added in estimating 
the quantity of oil required and the surface of the oil cooler. 
Owing to the low pressures employed, such bearings have 
usually a high coefficient of friction as the lubrication is 
rarely perfect on account of the general operation being dif- 
ferent from that of journal bearings and no wedging action 
taking place and admitting oil. The author proceeds to de- 
scribe the investigation of Osborne Reynolds and Michell 
which led the latter to devise his well-known thrust bearing 
with segmental blocks pivoted at the theoretical center ot 
pressure. 

In the diseussion which follows, Mr. Newbigin ealls atten- 
tion to the effect of the slipper shaped blocks in the pivoted 
thrust bearing and stated that the friction increases rapidly 
when the length in the direction of rubbing is more than the 
radial dimension of the block. Better results were obtained 
when the blocks were pivoted at or near the theoretical cen- 
ter of pressure in the oil film than when pivoted in the cen- 
ter of their area. The latter method of pivoting is not me- 
chanically simpler since bearings with the blocks pivoted 
behind their center of area for both directions of rotation 
have been made for the last three or four years without me- 
chanical complications. 

With respect to the effect of pivoting the blocks incor- 
rectly, the following results of tests were given: 


TESTS ON MICHELL THRUST BEARINGS MADE AT MESSRS, BELLIS 
& MORCOM’S WORKS, BIRMINGHAM, JUNE 8 anp 9, 1910 


There were three blocks in the bearing, each having a sur 
face of 1 sq in. The cross dimensions of the blocks were 
equal, 

The temperature was taken by means of a thermometer 
placed in a hole drilled in one of the blocks. 

Speed 1750 r.p.m., or 28.67 ft. per second 

Absolute viscosity of the ofl at 126 deg. fahr., 4.4% 

Pressure on the blocks, 500 Ib. per sq. in 
Temperature 
of Bearing. 


Position of Pivoting VDoint Deg. Fabr. 
in, in front of center. 135 
132 

yw in. behind center. . 12 
1, in. behind center... 124 


Increase in friction for blocks centrally pivoted, 15 per cent 
TESTS MADE BY MR. MICHELL IN) MELBOURNE, SEPT, 2 To 15, 1015 
Diameter of Thrust Collar, 6 in. 
Number of Blocks, 2 
Area of bearing surface of each block, 4.5 sq. in. 
Total load on blocks, 5000 Ib, 
Mean intensity of pressure, 555 lb. per sq. in. 
Pivot % in. behind center of bearing surface with clockwise rotation 
Pivot \%& in. in front of center of bearing surface with counter--slock 
wise rotation 
TESTS MADE BY MR. NEWBIGIN 
Mean radius of action, 0.16 ft. 
Oil-Mineral, C.G.8., viscosity 0.1 at 60 deg. fahr. 
Bearing air-cooled, radiating surface, about 2 sq. ft. 
Bearing driven by small D. C. motor at an average speed of 1556 
r. p.m, 
B.h.p. required to drive the bearing under load, 0.372 
Equivalent coefficient of friction, 0.0018 
Temperature of oil in bear 
ing above that of the 
Duration of Test atmosphere at end of test 
Bearing running forwards 
10 runs of % hours each... 
Bearing running backwards 


.. Average 85 deg. fabr. 


100 deg. fahr. 

The blocks were weighed before and after a fortnight’s 
run, and the loss was too small to be detected, being less 
than 2 grains. 
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Increase in frietion for blocks running backwards, 164 
per cent. 

Assuming the viscosity of the oil at working temperature 
to be 0.025 absolute, the coeflicient of friction by Michell’s 
formula would be 0.001025, as against 0.0018 by experiment. 

Mr. Cook had the opportunity of conducting some ex- 
periments with pivoted segmental blocks for thrust bear- 
ings, and found the resistance of such thrust blocks and the 
ease with which they sustained high pressures to be very 
great. 

The theory of lubricating films developed by Prof. Os- 
borne Reynolds was not perfect in the estimation of the 
theory as it neglected the effects of temperature and capil- 
lary action, which latter might be considerable for thin films. 

The following information on the design of oil coolers was 
presented during the discussion by M. G. 8S. Swallow and 
E. E. Williams. 

The ordinary oil cooler was made like a condenser with 
the water circulating outside and the oil inside the tubes, 
the velocity of the oil through the tubes being about 2 ft. 
per second. Such a cooler with ordinary 5g-in. condenser 
tubes and with cooling water at 65 to 60 deg. fahr., would 
cool oil from 115 to 100 deg. falr., at the rate of about 2 
cu. ft. of oil per sq. ft. of cooling surface. With smaller 
tubes 15 in. outside diameter about 342 eu. ft. could be 
cooled, or about 4% eu. ft. from 140 to 125 deg. fahr., but 
the pressure drop over the cooler was considerably increased. 
In some cases retarders had been used in the tubes or the 
tubes flattened at intervals like a Royles tube so as to in- 
crease the cooling effect by mixing the oil, but such devices 
increased the pressure drop very much, and were, in his 
opinion, of doubtful value. 


The amount of cooling water might be about one-third of the 
volume of the oil, giving a rise of temperature in the cool- 
ing water about equal to the drop of temperature in the oil. 
A form of oil cooler which had been used very successfully 
on the Continent was one like an ordinary condenser with 
the water inside the tubes and the oil outside. By suitable 
baffles the oil was caused to pass several times at right an- 
gles to the tubes, and in passing through the tortuous spaces 
between them the oil became very thoroughly mixed up, and 
so the cooling was very complete. In such coolers it was 
stated that as much as 10 eu. ft. of oil could be cooled per 
sq. ft. cooling surface. The great advantage of such a cooler 
was not so much that it enabled a smaller cooler to be used, 
but that with a cooler of the same size as at present a bet- 
ter cooling effect could be obtained and the oil maintained 
at the lower temperature at which it retained its lubrication 
quality for a longer period. 

A fair figure to take for fixing up the surface of an oil 
cooler for such conditions, i.e., 70 lb. pressure per sq. in. at 
a velocity of 30 ft. per second and a rise of temperature of 
20 deg. fahr., was 200 Ib. of oil per sq. ft. of cooling surface. 
The class of oil used on these examples was of a good stand- 
ard as would be seen from the following comparison: 

Standard Oil Used 


Flash point, 400 to 410 deg. fahr............cc00. 406 deg. fahr. 
Specific gravity, 0.875 to 0.880 


Viscosity at 120 deg., 210/225 sec... 228 ses. 


Viscosity at 70 deg., 930/960 


If a curve be plotted for comparison it would be seen that 
the oil used was up to the standard for flash point, specific 
gravity and viscosity. This oil was tested for viscosity after 
it had been subject to changes of temperature and it was 
observed that the oil did not quite reach the standard, as the 
flash point beeame 430 deg. fahr. sp. gr. 0.8790. 

Viscosity 104 deg. at 400 sec. 
112 deg. at 318 sec. 
123 deg. at 232 sec. 

A sample of the oil was submitted to a temperature of 
150 deg. fahr. and it was found to have lost 54 per cent in 
weight, but no carbonization was observed at this tempera- 
ture and practically no change of color. A further test was 
made and carbon was seen to form at 160 deg. fahr. Ex- 
perience had been gained with bearings running at 160 deg. 
fahr. and it would appear from the state of the bearings 
after examination that the oil showed a tendency to car- 
bonize at this temperature, which proved that a temperature 
of 150 deg. fahr. should not be exceeded. 


SOUTH AFRICAN INSTITUTION OF ENGINEERS 


Journal, vol. 12, no. 11, June 1914, Johannesburg. 

THE PrRiNcIPLE OF SIMILARITY AND ITS APPLICATION IN 
Macuine Design (16 pp., 9 fig. t). The author proposes 
to show the adaptation of the principle of similarity to ma- 
chine design. He claims that while exact similarity in ma- 
chine design cannot be advocated in many cases, designers 
would be much less in error and would realize higher com- 
mercial economy by similarity entirely rather than varying 
proportions from little machines to large machines in the 
unscientific manner which he believes is so obvious in their 
design. The principle of similarity may be roughly ex- 
pressed by saying that theoretical designs of all the ma- 
chines of a series of engines of graduating power can be 
similar if similar conditions of working are assumed for all. 
The author proceeds to show what are the similar conditions 
of use, and how similarity applies to the case of roller- 
bearing, what the relation is between similarity and cen- 
trifugal whirling, and what fluctuation of velocity is per- 
missible by fly-wheels of similar form in similar engines, 
as well as what are the fractional variations of speed al- 
lowed by similar governors in similar engines. He consid- 
ers further the question of power and weight of similar en- 
gines working under similar conditions, that is. constant 
linear speed and constant head of pressure. From this he 
passes to a brief discussion of similarity in automobile en- 
gines and steam turbines as well as to the relation of linear 
speed to economy of material, and the effect of reduced 
linear speeds, occurring in small engines on similarity of 
fly-wheels. The author uses mathematical methods sparingly 
and presents a clear account of this rather imperfectly 
known subject. 


CLASSIFICATION OF ARTICLES 

Articles appearing in the Survey are classified as c com- 
parative; d descriptive; e experimental; g general; h his- 
torical; m mathematical; p practical; s statistical; ¢ theoret- 
ical. Articles of exceptional merit are rated A by the 
reviewer. Opinions expressed are those of the reviewer, not 
of the Society. The Editor will be pleased to receive in- 
quiries for further information in connection with articles 
reported in the Survey. 
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ENGINEERING SURVEY 

The war in Europe appears to have less influence on the 
files of papers at the Library of the Engineering Societies 
than was feared would be the case a month ago. Only a few 
German papers of minor iniluence have entirely suspended 
publication, and, of course, all the Belgian papers. The 
rest are appearing, though usually in a reduced size. The 
delivery appears also to have attained a considerable amount 


.of regularity, so that there is now absolutely no doubt of 


the ability to maintain the Engineering Survey at the usual 
level of interest. 

The greater engineering societies throughout Europe con- 
tinue their activities. The German and Austrian Societies, 
in addition to purely engineering work, have gone into work 
of politieal and military nature. Thus, the Verein deutscher 
Ingenieure is reeruiting engineers for the army, while the 
German Society of Steel Metallurgy is publishing and send- 
ing out with its oflicial organ, reprints of telegrams from 
the seat of war, in German and English, purporting to pre- 
sent the true state of affairs from the German side. 

THIS MONTHVS ARTICLES 

The diffieulties of manufacturing double acting two stroke 
cyele engines are presented in an abstract of an article by 
Hoffman in the section Internal Combustion Engineering. 
In the next section are indicated some data concerning the 
use of high speed tool steel and testing compressed air twist 
drills in German shipyards. 

The article of Kaemmerer on auxiliary machinery aboard 
merchant ships, only part of which is abstracted here, cov 
ers several subjects of interest, sueh as the description of 
a new winch, evaporator, ball bearing, roller bearing, and 
a governor which is claimed to eliminate racing of the en- 
gine. In the same section will be found an abstract of an 
article by Loewe on the ealeulation of worm gear drives 
for the rear axles of power wagons. While this article does 
not present anything particularly new, it is given here be- 
cause of the comparative searcity of data on worm gear 
driving. 

The article on steam and gas fired bakers’ ovens by Pradel 
covers a somewhat neglected section of engineering to which 
the recent Gas Exhibition in Munich has given a eonsider- 
able impetus in Germany. 

The section on Steam Engineering contains several arti- 
cles of interest. On account of lack of space only a brief 
reference could be given to the description of the boiler 
plant at the International Exhibition of Printing and 
Graphie Arts at Leipzig designed to burn exclusively lig- 
nite briquettes. In the next abstract Winkelmann discusses 
the influence of firing-up processes on the life of tubular 
boilers with withdrawable smoke-tubes, and various ways of 
preventing the rise of stresses due to difference between the 
temperature of water and boiler metal. Sehémberg gives 
data on the application of large straight flow steam engines 
in metallurgical plants, chiefly in various types of rolling 
mills. 

In the section Strength of Materials and Materials of 
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(onstruction, are reported articles on the imiluence ot the 
presence of notches on the strength of machine parts. In 
the course of this article mention is made of the work of 
Doctor of Engineering Preuss. We are sorry to announce 
that this writer, whose work has been referred to before 
in the Engineering Survey, has been recently killed in the 
war in Europe. In the next article in the same section, 
Weiss, in investigating the process taking place in upsetting 
of metal evlinders, calls attention to a rather striking phe- 
nomenon, viz. the formation of an internal core and an ex- 
ternal ring surface, the appearance of} latter, especially in 
the ease of eopper-manganese alloy, being essentially differ- 
ent from the core metal. 

In a paper before the American Institute of Mining En- 
vineers S. S. Rumsey and W. F. Schwedes describe a test of 
centrifugal motor-driven pumps. 

An abstract of papers presented before the Engineers’ 
Society of Western Pennsylvania on the measurement of 
the velocity of flowing water was given in the Engineering 
Survey for last month. These papers have led to a discus- 
sion of unusual interest, an abstract of which is given this 
month. An abstract of another paper presented betore the 
same society, by C. L. W. Trinks on air in jet condensers, is 
likewise given this month, with such portions of the dis- 
cussion as the space available permitted of using. 

Of the papers presented to the autumn meeting of the 
Iron and Steel Institute abstracts are given of three papers 
of interest to the mechanical engineer: the decarburization 
of steel in the salt baths used for heating previous to harden- 
ing, where it is shown that a mixture is available which 
secures a perfect equilibrium, with respect to carbon in the 
bath, to such an extent that it is possible to obtain simulta- 
neously, in the same bath, the decarburization of hard steels 
and the carburization of dead-soft steels. Walter L. Jolhn- 
son, in a paper on the utilization of heat contained in slags 
in steam turbines, shows that while blades are available 
which are but little affected by steam produced from the hot 
slags, the direct method of steam utilization is not con- 
venient on account of the tendency of sulphur deposit to 
clog the turbine passages, and a water heater or heat ex- 
changer has to be used. He found that with proper equip- 
ment and without a heavy increase of cost of operation or 
initial investment, there may be obtained 31.6 h.p. per hour 
per ton of slag per hour. In this connection will be also 
of interest the paper by T. Rolland Wollaston beiore the 
Society of Chemical Industry on power costs in various 
works, showing that it is actually possible not only to ob- 
tain power free of cost, but to have a profit of 21 per cent 
on the capital outlay. This is possible with a Mond system 
peat gas recovery plant, the disadvantage of which is, how- 
ever, that its capital cost is extremely high, approximately 
$210,000 for a plant of 2,000 h.p. There may vet come a 
day when all power used by the industries will be only a 
by-product of manufactures, chemical works, blast furnaces, 
coal products utilization, ete. 

In connection with the abstract from the Professional 
Memoirs, Corps of Engineers, U. S. Army, in the October 
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issue of The Journal, p. 201, describing a type of rope 
fastening, Mr. F. W. Trabold, member of the Society, writes 
that he has found the drop-forged wire rope socket with the 
strands of the cable separated and then babbited to be a 
reliable type of construction. With the strongest wire rope 
the cables almost invariably parted before the sockets did, 
sometimes close to the socket, and sometimes at a consid- 
erable distance from it, which is of interest as the separation 
of the rope at some constant point might indicate weakness 
created in the given portion of the rope through the par- 
ticular construction of the socket. As regards the compara- 
tive cost of splicing and babbiting, the writer points out that 
the labor of splicing is considerably more costly than that of 
babbiting the eable in the socket; while the socket itself is 
considerably more costly than the thimble, there is a final 
economy owing to the lower labor cost. Further, while the 
socket is more costly than the elip and thimble combined 
used in the splicing method, in the latter 18 in. additional 
cable is required which practically equalizes the matter of 
eost. As regards the strength of drop-forged wire rope 
sockets the writer states that with alloy steel plugs the socket 
on the 114 in. size pulled strains of 149,700 lb. without in- 
jury. 
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Internal-Combustion Engineering 

Remarks Concerninc Acting Two Stroke 
CycLe ENGINES (Bemerkungen iiber doppelwirkende Zwei- 
taktmotoren, Max Hotmann, Dinglers polytechnisches Jour- 
nal, vol. 329, no. 38-39, p. 575, September 26, 1914, 3 pp., 
3 figs., g.). The article discusses the difficulties of design and 
construction of double acting two-stroke cycle engines. It 
is not sufficiently realized, according to the author, that the 
main essential requirements of this type of engine, that, com- 
mercially, it ean be built only in large sizes—is opposed by 
the diflieulty of overcoming the stresses caused in the large 
evlinder castings by expansion due to unequal heating. A 
complicated engine eylinder in which the liner and cooling 
water jacket are cast in one piece and which carries on top 
and bottom, a second jacket for the scavenger air connec- 
tions, is just the kind of construction that is likely to show 
cracks in it immediately after it is set in operation. The 
jackets by no means increase the strength of the eylinder in 
the axial direction. On the contrary, the working walls of 
the cylinder come in contact with the burning gases and at- 
tain a high average temperature while the exterior jacket, 
on aceount of the flow of water, remains cool, this combina- 
tion leading to the rise of great axial stresses and possible 
rupture of the cylinder. It has been recommended to use 
special liners or to put in, either by threading or by rolling 
in, special steel tubing for scavenger air valve support. 
This is, however, not mechanically convenient, since the heat 
expansion of the liner and the displacement of the threaded- 
in or rolled-in connection would very rapidly develop leaks 
at places. 

The design of seavenger valves is also a diffieult prob- 
lem. Horizontal valves are only used seldom, the Kérting 
type being the only one on the market. In order to obtain 
a dise-shaped combustion space, this type is willing to suffer 
the operating difficulties of this type of valve arrangement. 
With it. the seavenger valve pockets have to be so deep as 
to raise very materially the clearance space at the end of 
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the compression stroke. As shown in Fig. 1 (upper connec- 
tion-admission of scavenging air, lower connection for ex- 
haust), the double acting engine of this type gives approxi- 
mately 20 per cent of the combustion space to pockets neces- 
sitated by the horizontal valve arrangement and since the 
piston in its final position covers over these pockets to a 


large extent, the air contained therein is late in coming in 
contact with the entering fuel, and is apt therefore to pro- 
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Fic. 1 Dovusie Acting Two Srroxe Encine CYLinver 
duce after-burning of the charge, in addition to which the 
horizontal position of the valve is apt to produce incomplete 
scavenging. 

Machine Shop 


TeSTING OF Air Twist THE ROYAL 
Suiryarps at Kiet (Erprobung von Spiralbohrern fiir den 
Pressluftbetrieb auf Kaiserlichen Werft Kiel, T. 
Schwarz, Zeits. des Vereines deutscher Ingenieure, vol. 58, 
no. 33, p. 1336, August 15, 1914, 4 pp., 6 figs., de.). The 
article presents a deseription of an installation for the pur- 
pose of testing twist drills, and indicates how from the data 
of such tests one is enabled to determine the most advan- 
tageous grades of steel for the various kinds of work. Until 
the time when twist drills have been produced from high 
speed steel, the latter had quite a limited application ‘mn 
shipyards. 


der 


Even now, in the ease of high speed steel, one 
has to consider not only the price of the material, Lut also 
its range of application. While high speed steel has been 
proven capable of excellent work for drilling purposes, it 
seems to be far less applicable for dies and stamps for 
compressed air riveting. Further, the number of grades of 
high speed steel used in shipyards increases rapidly with 
the range of application, and since each grade of steel re- 
quires the use of peeuliar methods for its handling 
dening, the proper selection of tool steels becomes a matter 
of considerable difficulty. The further difficulty of buying 
these supplies for government shipyards by open competi- 
tion led to the development of a system of ordering tool 
steel by indicating the purpose for which it was to be used. 


and har- 
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This is particularly the case with twist drills which have 
been found to have a very wide application in shipyards 
on compressed air drilling machinery, and this makes the 
output test recently conducted at the Royal shipyard in Kiel 
ot particular interest. All the twist drills used for these 
tests have been made of high speed steel, 17 mm. in diameter. 
They were all delivered by the manufacturers at the ship- 
yards ready for use, only provided with one angle of 116 
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deg. The article shows the arrangement of the testing 
apparatus and gives the data obtained in the tests, among 
other things curves of output for various types of high speed 
steel twist drills. 


MOveRN AUXILIARY MACHINERY AND INSTALLATIONS ON 
MercHANT Suips (Neuere Hilfsmaschinen und Einrichtun- 
gen fiir Handelsschiffe, W. Kaemmerer, Zeits. des Vereines 
deutscher Ingenieure, vol. 58, serial, d.). The article 
describes modern auxiliary machinery and installations on a 
merchant ship. Among other things described is a special 
winch for use on boats to serve simultaneously for hoisting 
provisions, coal and boats. It is shown in Fig. 2A and is 
operated by a 24 h.p. 200 ampere 140 volt direct-current 
motor, driving at 590 r.p.m. the main shaft of the winch 
which serves for hoisting provisions. On an extension of the 
shaft, there is a capstan head to take care of the eoal bas- 
kets; further, there is a train of two spur gears, driving at 
700 r.p.m. a transmission shaft for the Welin boat davits. 
The handling of the winch is extremely simple. The load is 
lifted by a single hand lever, while a foot lever actuates a 
braking electric magnet. The winch lifts a load of 2 tons at 
a speed of 0.75 meters (29.5 in.) per second. 

The author deseribes further an evaporator (Fig. B) 
which is said not to have been previously described any- 
where. It has a heating area of 5.9 q.m. (63.5 sq. ft.). The 
sea water enters at a and flows around the copper serpen- 
tine b, through which passes the steam from the boilers or 
receivers. The salt deposited during the above operation is 
let out through a valve c; steam obtained from the sea water 
moves forward and is let out through the valve d. In the 
upper part of the condenser there is a preheater and trap e, 
the purpose of which is to eliminate from the steam the 
water particles. The copper serpentine can be easily taken 
out by removing a single cover and easily cleaned, which 
would be necessary quite often as the salt has a tendency 
to deposit on the copper. 

Fig. C shows a pressure bearing designed for propeller 
shafts by the German Arms and Ammunition Factory in 
Berlin. Its construction is characteristic through the fact 
that both the radial and axial pressure on the shaft is taken 
up by ball bearings. The ball bearing a is placed in a strong 
housing of steel casting reinforced by ribs in which the races 
are adjusted on both sides. One ball race bearing b presses 
on one side against a shoulder on the shaft and on the other 
hand is held by a divided intermediary piece. The other ball 
race bearing d presses against the intermediary piece by a 
nut e. After the cap-shaped cover f, placed on top, is removed, 
the housing becomes easily accessible. On the other side, the 
housing is closed by an ordinary flat cover. Both covers are 
packed with respect to the shaft by felt rings. The balls are 
held in the bearings by the casings h made of brass; both 
footstep bearings a, kept in place by the intermediary piece 
c, are provided with foot rings pressing against the base 
plate i, and have automatic adjustment to meet bending of 
the shaft. From the base plate, the footstep pressure is 
transmitted by means of the intermediary ring k held rigid 
in the housing. On the side free of load there is an air gap 
of 0.25 mm. (0.009 in.) between the base plate and the inter- 
mediary ring. The base plate also takes up the pressure of 
a number of vertical spiral springs uniformly distributed 
around the periphery. The balls of the bearings are held in 
casings of sheet brass. The oil used for lubrication must 
have such a high level in the bearing that the balls in the 
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races should be under oil up to one half. This can be ob- 
served trom the outside by means of glass tubes. The balls 
ot the fundamental bearing run also constantly in oil. The 
axial pressure taken up by such ball bearings amounts to 
800 kg. (1763 Ib.) at 450 r.p.m. 

The roller bearing of the Moffet type to take up axial 
pressure of the propeller shaft, as built by the Atlas works 
in Bremen, is shown in Fig. D. The pressure shaft has only 
one connection a over which is placed, on each side, a hard- 
ened ground ring b to take up the alternations in the diree- 
tion of the pressure during the forward and backward 
motion. From these two rings the pressure is transmitted 
upon a special bearing by means of a number of conical roll- 
ers, either in one direction or another, through two spherical 
rings ¢ and c’, gripping into one another. The conical roll- 
ers are held in a rigid casing d on both sides of the cam, 
but each roller is individually adjustable by means of the 
device shown at e. Each of the roller casings is steered 
along the shaft by means of a bronze ring f, while the weight 
of the pressure shaft itself is taken up by the cylindrical 
rollers g, which in their turn, are located in a rigid frame. 
Small bolts are used for guiding the individual rollers along 
the shaft, provided with such an amount of play that they 
do not take part in the transmission of the pressure. 

The article further describes the construction of the 
Brouquiére governor, the advantage of which is that it is 
claimed not to permit racing of the engine. Its construction 
is said to be extremely simple and is shown in Fig. E. As 
close as possible to the valve of the pressure cylinder, is 
built in the steam piping, a special governor valve, the hous- 
ing of which (made of bronze, cast iron or cast steel), con- 
tains a cylindrical guide with slots. These slots, and eon- 
sequently the steam admission to the engine, are opened or 
closed as necessary, by means of a piston rod which, as 
shown in Fig. F, is moved in such a manner that as soon as 
the level of the ship changes longitudinally, a pendulum be- 
gins to act on a knee lever transmission, this action taking 
place, however, only when the ship changes its position in a 
longitudinal direction; if the ship starts to roll, the pen- 
dulum oscillates without affecting the steam stop valve, the 
position of which may be further adjusted by means of a 
special spindle. The action of the governor may be seen 
from Fig. G. 


Mechanics 

CALCULATION OF WorM GeaR DRIVE FoR REAR AXLES OF 
Power Wacons (Berechnung des Schneckenan.ribes fiir 
Kraftwagen-Hinterachsen, A. G. von Loewe, Der Motor- 
wagen, Vol. 17, no. 21, p. 501, July 31, 1914, 4 pp.. mp.). In 
‘aleulating the worm gear drive for the rear axles of power 
wagons, the gear ratio U and the normal modulus may be 
assumed to be known. The following conditions must be 
satisfied by the worm gear drive: (1) a very high efficiency, 
in good exeeution about 97 per cent: (2) possibility of re- 
versing without materially increasing the work ot friction; 
(3) no danger of seizing between surfaces sliding under 
pressure. The fulfillment of these conditions is affected prin- 
cipally by the angle of inclination of the worm, the selee- 
tion of which must be therefore made with the greatest care. 
To determine the efficeney, and consequently the friction 
losses, one has to start from the conditions of equilibrium of 
the worm gear drive. Let A,, = the work of driving, 4; = 
work of friction, 4, = work transmitted; then: 
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hin A,-+ and A, = An— Ae. 

It « is the angle between the thread and the generating 
line of the eylinder of the gear, and uw = tan ¢ the coetflicient 
of frietion, then: 

Aw 
COS SIN % 
(1 tan’ 2) 
Ar 
tan 2(1 utan 2) 
The efliciency is: 
i, tan 
ci tan + utan x) 
By differentiating this expression in a, we find that 7 is a 
maximum when 
24 tan 2—tan’ 2) = O 
and hence: 
tanz=yv+ Vu 71 
It we substitute for wu in this expression some number C, and 
then determine the value of 2, it will always be, provided 
y. = tan 2, 


+ 


and theretore the best efficiency will be obtained from a 
worm and worm-wheel with an angle of inelination: 
C , 
a= 45° + >5.0r2 45° - 9 
ln the case of motor cars such wheels cannot be applied, 
however, because their diameter is approximately propor- 
tional to the gear ratio. and the drive would therefore have 
too large dimensions. When the angle of inelination is 


’ 


45° > the friction in reversed drive is approximately 


equal to that of direct drive; the smaller the angle a, the 
larger are the friction losses in reverse drive, until at 
tan a = » seizing takes place. 

According to data collected by Ader for the Automobil- 
technisches Handbuch, there is the following relation between 
the admissible normal tooth pressure P, (in kg.) and the 
sliding speed v, (in meters per sec.) : 

% 15 2 25 3 4 
P, 600 375 300 240) 150 

In the same reference book a table is given which indi- 
cates that the greater the number of turns of the worm, the 
smaller are the friction losses in the worm gear drive. 

The torees acting in the gear are determined in the fol- 
lowing manner. The following notation is used: 

M,, the maximum moment of torsion transmitted in kg. 
per em.; 

d diameter of pitch circle of worm, in em.; 

P tangential pressure at the pitch cirele of the worm, in 
m. per kg.; 

P, transmitted tangential effort at the pitch cirele of the 
worm wheel in m. per kg.; 

P,, normal tooth pressure in kg.; 

« angle of inclination in deg.; 

v. coeffiaent of friction ; 

7 efficiency of the worm gear drive; 

If the worm drives the gear, 

P=2 

where d can be determined graphically. Further: 

tan 2 — 0.08 
1+.0.08 tan 


tana—vuy 


=f —,0 
1+utana 
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the latter with w 0.08. The normal tooth pressure is 


P and P, 
COS 2-7 SIN cos U.0S sin a 
the elherency 1s then: 


tan 0.05 tan 2 — 0.05 


and 7, = ; 
tan a2(1+- 0.08 tan 2) tan2z-+ 0.08 tan’ a 


lI, order to determine the permissible toot! pressure as a 
function of the sliding speed, the pressure at the greatest 
sliding speed that may oecur has to be determined, since, as 
shown in the above table, with increasing sliding speed, the 
pressures J’, invariably decrease, wlile the moment of tor- 
sion is inversely proportional to the speed of rotation. The 
vreatest sliding speed occurs when the worm runs at the 
speed n of the engine. The tangential pressure which then 
oreurs at the pitch eirele of the worm is: 


where VM is the moment ot torsion ol the engine. The nor- 


mal tooth pressure is then: 


cos (LUS sin 


The maximum tangential speed at the pitch cirele of the 


Worth Is: 


al N 
ineters per sec., 
O00 
where Vous the highest speed of the engine. The sliding 
speed Is 
Ve 
Sin 


The values of J, and vr, must satisty the requirements of 
the table. A similar calculation must be carried out also 
for a reversed drive under the above most unfavorable as- 
sumptions. Let P”, be the tangential resistance to be over- 
come at the piteh cirele of the worm, in kg.; 

P’” tangential pressure at the pitch circle of the worm wheel, 

in kg.: 
P’,, normal tooth pressure in kg.; 
if moment of torsion of the engine in em. per kg.; then the 


following relations are good: 


2X 0.65 m 1 
P P —, and P P 
1—ytan 2 0.1 tan 2 
and the normal tooth pressure is 
and P”, 
sin COS sin 2 + 0.1 cos 
the efficiency being: 
, tana(1—utan x) tan 2(1— 0.1 tan 2) 
\= and 7, 
tana—+u tan 0.1] 


Since in the cease of reversed drive the relation between 
resistance (or tooth pressure) and speed of rotation (or 
sliding speed) are different from that in the case of direct 
‘drive, and there is no apparent proportionality between the 
two, it is necessary to determine it for the two extreme 
cases, that is, maximum normal tooth pressure and maximum 


sliding speed. In the first case P’,, P’,. and 

ve = 15 — meters per sec., 
ZZ. 3A 


where 2, 2,, Z, Z, are the numbers of teeth of the driving 
wheels in engagement at the smallest gear ratio. 
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v 
sin 


At the greatest sliding speed the resistance at the pitch cir- 
cle of the worm is: 
d d 
and the tangential pressure at the pitch cirele of the worm 
wheel is 
, tana+ 0.1 
1—0.1 tana 
Hence the normal tooth pressure is: 
Po = 
sin a -+- 0.1 cos 


and the sliding speed appears to be equal to 


P’.= P 


» 
sin a. 

From this the author proceeds to the determination of vari- 
ous dimensions of the worm gear drive. 


Ovens 

STEAM AND GAs Firep Bakers’ Ovens (Dampf- und Gas- 
backéfen, Pradel, Zeits. fiir Dampfkessel und Maschinen- 
betrieb, vol. 37, no. 38, p. 435, September 18, 1914, 3 pp.. 
11 figs., d.). 


steam heated and gas fired bakers’ ovens, mainly those shown 


The article describes various types of modern 
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at the recent Gas Exhibition in Munich, Germany. After 
giving a general statement of the principles on which the 
construction of this kind of bakers’ oven is based, the author 
deseribes several types of such ovens. Of late, gas firing 
was applied to steam heated bakers’ ovens, e.g., in the Senk- 
ing type of oven. It was constructed mainly for use in small 
As shown in Figures 3 A and B, the Senking 
oven cousists in the downward direction of four double walls 


bakeries. 


and in the lateral of two double walls, insulated so as to 
prevent losses through heat radiation. In order to save floor 
space, the oven is built vertically and has from 2 to 6 decks, 
one over the other. This arrangement is of particular ad- 
vantage for large cities where floor space considerations are 
of importance. Figs. A and B show two sections of a 3-decks 


oven at right angles to one another. Fig. C shows a similar 
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b-decks oven which gives an idea of the oven equipment. 
The oven is constructed in such a manner that each deck 
singly and all the decks together may be operated as de- 
sired. These single decks are accessible through doors f. 
When a 3-decks oven is used, two systems of piping are em- 
the 
divided from one another by means of the wall g and trom 


ploved—one in each of two lower decks, a and a, 


the heating space by the wall 4. Through this latter wall 
pass the ends of the steam pipes b which have to be heated. 
The heating pipes are U-shaped and are located in such a 
manner that their lower bend lies on the floor of the decks 
under the drawplate, while the upper bend 6, which joims 


"Exhaust 


From Warm Water Tank RB 


Outlet for Condensed Water 


Bakers’ Ovens aNp HEATERS FOR Same 


the upper bend b., goes under the deck cover nei rly to the 
wall hi. are therefore provided with 
heat from above and from below, while the deck a 


The deeks a, and a 
is pro- 
vided only with heat from below. As a rule, all appliances 
on the oven, as well as the gas cocks, are placed as far as 
possible on the front part so that the attendanee may be 
easy and convenient. In the heating space of the oven be- 
tween the wall hk and the external wall are located the gas 
pipes tor the different decks operated by cocks placed on 
the outside. The air of combustion enters from below out 
reaches the flame through the 


openings d,, while a supplementary amount is admitted 


of the air ehambers d and 


through the screen doors which serve for igniting the gas and 
for cleaning. 


As the combustion of gaseous fuels can be regulated in 
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such a manner as to produce a flame free trom soot, indirect 
heating of baking ovens by gas does not appear to be neces- 
sary, and the oven may be heated by the gas flame direct. 
It is possible therefore to easily convert a wood fired oven 
into a gas oven by simply using a suitable burner. The 
Méker burner used in this connection is really nothing but 
an improved Bunsen burner, Fig. D. It consists of a pipe 
through which the gas is driven by the injeetor J, provided 
witli a calibrated opening. Over this injector is screwed 
the chimney D), provided at the bottom with holes, and closed 
at the top by a cellular body C, perforated by passages and 
having the purpose of preventing backfiring and also of 
producing a uniform flame. As shown in Fig. E, the nozzle 
of the burner is forked, in order to allow the flame to play 
over the entire width of the oven. The burner is made of 
heavy steel sheeting and welded autogenously so as to leave 
no spaces which are not gas tight. The cellular body C is 
made of nickel-steel strips. The burner is supported on a 
wheel track and connected with the gas piping by metal hose 
so that it can be pushed into the oven when the fire is 
started and taken out again. The question whether several 
smaller or one large gas fired oven is more economical is as 
yet undecided and experimental data are lacking. In view 
of the easy attendance on a gas fired baking oven and its 
simplicity, however, it would appear that a larger num- 
ber of small ovens would in the end prove more economical 
for large outputs than one large one. An oven of which the 
author holds a high opinion has been shown at the Exhibi- 
tion. In order to obtain as uniform heating in the entire 
oven space as possible, the burner is built in along the three 
sides of the oven space; viz., by the side of the superimposed 
ceck plates and below the lowest plates. In this way the 
properties of gas heating are said to be especially well util- 
ized and the heat conducted directly where it is most use- 
ful. The artiele goes into some detail of this construction, 
but does not illustrate it. 


Pumps 

Om Drives Encixe-Pump AGGREGATE (Groupe moto- 
pompefonctionnant au pétrole, Portefeuille économique des 
machines, vol. 2, series 6, no. 702, p. 81, June 1914, 2 pp., 2 
sheets of drawings. d). The article describes a direct-con- 
nected aggregate of a motor and pump, the motor being a 
four eylinder shale-oil engine, 130 mm (5.1 in.) bore and 
160 mm (6.2 in.) stroke, developing at 1000 r.p.m. about 
41 h.p. The motor is provided with an Aster ecarbureter 
heated by the exhaust gases, and high tension Bosch magneto 
ignition. For special reasons it was desirable to have the 
aggregate oceupy as little space as possible. As however 
the pump ran at 450 r.p.m. a reduction of speed was neces- 
sary, but as there was no room for extending the motor 
shaft, an epieyeloidal transmission was resorted to, the fly- 
wheel being made hollow. The pinion clamped on the shaft 
of the pump has in its turn such a diameter this it is located 
exactly between the speed reducer and the interior of the 
rim of the flywheel, consequently the entire apparatus for 
the reduction of the speed is placed inside the flywheel 
without increasing the space occupied by the aggregate. 


Steam Engineering 

Borter PLANT aT THE INTERNATIONAL EXPOSITION OF 
Printinc AND Grapnic Arts at Lerpziag iw 1914 (Die 
Dampfkesselanlage auf der Internationalen Austellung fiir 
Buchgewerbe und Graphik, Leipzig 1914, A. Adler, Zeits. 
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des Bayerischen Revisions-\ ereins, vol. 18, no. 14, p. 135, 
July 31, 1914, 3 pp., 20 figs., d.). The article presents a 
description of the boiler plant of the power-house at the 
International Exhibition of Printing and Graphie Arts, 
Leipzig, in 1914. The triple flue tubular boiler had a heat- 
ing area of 425 qm. (4574 sq. ft.), a gage pressure of 14 
atmospheres and a superheater installed in the flues for a 
steam temperature of 350 deg. cent. (662 deg. fahr.). One 
of the conditions adopted by the technical board of the ex- 
hibiton was that the boiler should use exelusively lgnite 
briquettes, which had to be taken into consideration in de- 
signing the grate. On top of the jacket of the upper header, 
there is a steam dome of 800 mm. (31.4 in.) in diameter and 
890 mm. (31.4 in.) high. In it are placed the steam stop 
valves, a double safety valve and a reserve pipe. At thie 
base of the dome is placed a manhole for the inspection of 
the interior of the boiler. In addition to this, on the upper 
header is located an attachment for a signalling apparatus 
and a water level regulator. 

The steam superheater is of peculiar interest; it is ar- 
ranged in such a manner that only part ot the gases devel- 
oped on the grate pass through it. The regulating valves 
are placed behind the superheater, which protects them from 
overheating. In addition to that, the arrangement of the 
superheater is such that the radiant heat stored up in the 
brick work in front of the superheater is utilized in the lat- 
ter. The steam enters into rolled seamless superheater cham- 
hers which enclose the superheater tubes; it flows through 
the superheater in countereurrent to the entering heat gases 
and from the lower collecting chamber passes into the at- 
tached piping back to the triple valve, whence the super- 
heated steam is led to where it is wanted. The employment 
of the triple valve permits, by a simple adjustment of the 
steam stop spindle, the use of saturated steam, superheated 
steam or a mixture of both. The adjustment of this valve 
can be ihade from the boiler room floor. Since the triple 
valves do not permit oft seeing simply from the position ot 
the hand wheel what kind of steam is used and which of the 
steam connections are open or closed, the German Associa- 
tion of Boiler Inspection Societies insists on a second stop 
valve being placed between the boiler and the triple valve. 
The rest of the article describes and illustrates the installa- 
tion in detail. 

MEASUREMENT OF Water Temperature During Firinc- 
Up or Tusucar Boiters with WiIthpRAWABLE FIRETURES 
(Messung der Wassertemperatur wihrend des Anheizens vo 
ausziehbaren Réhrenkesseln, H. Winkelmann, Zeits. fiir 
Dampfkessel und Maschinenbetrieb, vol. 37, no. 39, p. 445, 
September 25, 1914, 2 pp.» p.)- The article deseribes the 
methods of regulating the temperature of water during the 
firing-up of tubular boilers with withdrawable smoke tubes. 
[n tubular boilers, leaks in the seams start quite often dur- 
ing the firing-up process, and even the lower rows of tubes 
seem to be affected in the same way. As a rule, this kind ot 
leak appears the more frequently, the cooler the season, the 
colder the feed water and the more rapidly the firing-up pro- 
cess is carried on. It may be ascribed therefore to the con- 
siderable stresses created in the boiler sheets by the tempera- 
ture difference between the various boiler parts and the water 
in the boiler during the firing-up period, and to the fact 
that with the usual boiler construction, there is not a suffi- 
cient circulation of water. It has been attempted many 
times therefore to apply special devices for speeding-up the 
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water cireulation and equalizing as tar as possible the heat- 
ing of the water in the various parts of the boiler. This 
appears of the greater importance, in view of the fact that 
quite a large number of boiler accidents were recently 
ascribed to the incorrect heating of the lower parts of the 
boiler with withdrawal tubes. It has happened repeatedly 
that blow-off tubes have been torn off and fire tubes have 
developed leaks through which boiler attendants have been 
either injured or placed in danger of injury. 

The experiments described in this article have been made 
with a purpose of seeing to what amount the devices for 
producing rapid equalization in the heating up of the water 
are defective. ‘Tests were made on three locomobiles of com- 
mercial types and various sizes, all with withdrawal tubes. 
In the first test, the heating up was made in a normal man- 
ner without the use of any heat equalizing device. In the 
second ease, the heating up was carried at as rapid rate as 
possible with the help of an exceptionally experienced fire- 
man, but no equalizing devices were used. Finally in the 
third test, both heat equalizing devices and exceptionally 
rapid firing up were used together or singly. The equaliz- 
ing devices used were a special type of injector which sucked 
in water and delivered it through a 3-way pipe of whicli 
the three branches were in the lowest part of the boiler—one 
in front, another in the middle and the third in the rear of 
the boiler. The second equalizing device was a Howald 
temperature equalizer, which has a serpentine of special con- 
struction. Complete data of tests are given in a table in 
the article. 

It appears that the heat equalization produced by means 
of the injector is superior to that produced by a serpentine, 
but the latter has the advantage of working automatically 
and does not have to be under constant supervision, contrary 
to the case when the injector is used. Both devices begin to 
act only after the steam begins to be generated and up to 
that instant, in both cases, the boiler remains subjected to 
the great stresses produced by temperature differences. The 
instructions generally given by the manufacturers of tubular 
boilers with withdrawable tubes, to the effeet that during fir- 
ing up a part of the boiler, water should be let out by the 
blow-off cocks, is at best only an emergency measure. The best 
method of protecting the boiler, which unfortunately, how- 
ever, can be applied only in a limited number of cases, is 
when starting it up to fill it with water previously heated to 
212 deg. fahr. It appears also that the device proposed by 
Altmayer for use on modern boilers and locomobiles may 
be applied for improving water circulation also in tubular 
boilers. Although it does not begin to operate right from tlie 
start of the firing-up process, it acts at an earlier period 
than the serpentine device. The author comes to the gen- 
eral conclusion that the manufacturers of tubular boilers 
ought to pay more attention to making their product sale: 
in operation and more economical. 


LARGE, STRAIGHT FLOW Steam ENGINES IN METALLUR- 


GicaAL PLants (Grosse Gleichstromdampfmaschinen fiir 
Hiittenwerke Schimberg, Zeits. fiir Dampfkessel und 


Maschinenbetrieb, vol. 37, no. 35, p. 411, August 28, 1914, 2 
pp., p.). The article discusses the application of large, 
straight flow steam engines in metallurgical plants. The 
great advantages of this type lie in its reliability, simple at- 
tendance, low steam consumption, limited floor space require- 
ments, ability to carry large overloads and exact regula- 
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tion, unlike, in the latter regard, compound engines. During 
the last few years they have been rapidly itroduced for 
direct drive on rolling mills, in particular tor three-hgh 
rolls where, notwithstanding a large variation in output, a 
constant speed of rotation is necessary. .A\ compound en- 
gine with a large, low pressure evlinder and a complicated 
method of control, would satisty this requirement only at 
the cost of a large expenditure in power, and even then no 
reliance could be placed on it. The flywheel, even though of 
very generous dimensions and run at the peripheral speed up 
to 35 m. (114.8 ft.) per second, would not fully equalize tne 
varving load, and in addition to that, the overload capacity 
of a compound engine is quite limited. 

Table 1 gives some data about the larger works where 
rolling mill drives by straight flow engines las been intro- 
duced. In the case of some ot these engines. very lugh pis- 
ton velocities appear to be used (up to 5.5 m. (15 it.) per 
second) without any damage to the installation and without 
unfavorably aifecting the operation of the machinery. Tan- 
dem engines of similar dimensions would not permit this 
being done. The initial cost of the engine is said to be 
on an average of from 20 to 30 per cent lower than that of 

To this 
about 10 
The cost of operation is said to be very low; the 


the tandem engines of equal size and equipment. 
must be added the saving in cost of foundation 
per cent. 
average consumption of steam, in the case ot engines rated 
at about 1500 h.p., at 10 atmospheres pressure and 250 deg. 
cent. (482 deg. fahr.) temperature, vacuum of 88 to 90 per 
cent and 90 per cent mechanical efficiency of machinery, 
may be counted on at 5.8 to 6 kg. (12.8 to 15.2 lb.) of steam 
per effective h.p.h. in the case of normally working rolls, or 
including condensation and losses in the condenser, 6.5 kg. 
(14.5 Ib.) at the shaft of the rolling mull. 
dem engines in continuous operation have shown a steam 
consumption of 8.9 kg., the saving in steam appears to be 
In addition to that must be considered 
the economy in lubricating materials due to the absence of 
one eylinder and its valve gear. 


Since good tan- 


wround 25 per cent. 


Of particular interest are the extra large engines marked 
as 9 and 10 in the table. No. 9 has been put in to take the 
place of a tandem engine, which used to drive a beam and 
vail rolling mill at a consumption of 10 kg. (22 lb.) of steam, 
Although the plant has at its disposal a cheap source of elee- 
trieal energy, it has been decided to drive the rolls by steam 
and not by electric motor. The engine works with steam 
pressure of 7 to 8 atmospheres, which it is proposed to in- 
crease to 12 atmospheres. 
tion have after a considerable period of operation shown the 
consumption without condenser losses to be 5.5 ke. (11.6 Tb.) 


with 7 


Extensive tests of steam consump- 


atmospheres pressure, 300 deg. cent. superheat 
cent vacuum. 


and 9 per 
The engine marked at No. 10 is used on a 
modern high eflicieney rolling mill. 


EXPERIENCES IN ELECTRIC AND AUTOGENOUS WELDING OF 
Steam Borers (Erfahrungen tiber elektrische und Auto- 
Zeitsch. fiir Dampf- 
kessel und Maschinenbetrieb, vol. 37, no. 25, p. 305, June 19, 
1914, 2 pp. ep). The article is a report of papers read at 
the 43rd meeting of delegates and engineers of the Inter- 
national Association of Boiler Inspection Societies by Miin- 
ster and Eggers, on the subject of experiences in electrie 
and autogenous welding of boilers. 


genschweissungen an Dampfkesseln. 


Experience has gener- 
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ally shown that autogenous and electrie welding are ap- 
proximately of equal value, although it may be stated that 
electric welding is somewhat preferable on account of more 
Both 
boilers and so far 


limited local heating of the material. processes are 
being introduced in the construction of 
have been used only in the ease of small vertical boilers, 
mostly fire-tube type in which the fire tubes and partly the 
bottoms are welded in. It appears further that both kinds 
of welding are justified on parts subject only to compres- 
sion stresses and only quite small and temporary tension 
stresses. The welds must be executed only by fully reliable 
concerns and no hammering on the welded seam, when blue 
heat has been applied, should be allowed. Mr. Eggers stated 


hat in Germany electric welding on steam boilers, steam con- 
that) g 


LARGE STRAIGHT-FLOW ENGINES IN METAL- 
LURGICAL PLANTS 


TABLE 1 DATA OF 


No. Nameof Plant Kind of Mill R.p.m H.P Dimensions 


1 Burbach small section to 130 700 to 1000) 43 in. stroke 


rolling mill 


2 Ph. Weber, sheet rolling 60to 70 800to 1000 rebuilt from 
Hostenbach mill tandem en- 
gine, 49 in. 
stroke 
3 Rombach structural iron 90to 120 1600to 2200 41 in. bore, 51 
rolling mill stroke 
4 Siegen Iron middle roll 60 to 100) 1900 to 1200) 43 in. stroke 
Works 
5 Dusseldorf small section 90to 100 800t0 1150 43 in. stroke 
Iron and and wire 
Wire Cx mill 
6 Dusseldorf wire mill 100 to 110) 1500to 1900) 51 in. stroke 
ana 
Wire Co 
7 Hahn Works, iniversal roll- 85 1600 to 2200) rebuilt, 51 in 


Grossenbaum ing mill stroke 


Kongin-Mari- smal) section SOto 100 1000t0 1300 47 in. stroke 
enhutte rolling mill 
Saxony 
9 Rochling Steel beams and 110 4000 to 6200 =66.9 in. bore, 
Works rails, 28 in 55 in. stroke, 
diameter S atmos- 
pheres 
10 Westfalian wire mill 100 3000 to 4500-57 in. bore, 59 
steel Works in. stroke, 
Aplerbeck 12 atmos- 
pheres 
ll Bros. Stumm, structuraliron 120 2400to0 3200 37.4 in. bore, 


Neunkirchen 


+ 


51 in, stroke, 
9 tw 10 at- 


olling mill 
mosplhe res 
under stresses is com- 


the 
acetvlene-oxyzen flame, but has been widely introduced in 


tainers and general steam apparatus 
paratively little used as compared with welding by 


Russia and found its way to Western Europe from there. 
[In repairs on steam boilers acetylene welding is still widely 
used, but many of the steam inspection societies in Germany 
are gradually coming to the use of electrie welding. 


Strength of Materials and Materials of Construction 


Noten Action Macuine Parts anp BorLer 
(Die Kerbwirkung bei Maschinenteilen und Dampfkessel- 
blechen, Zeits. des Bayerischen Revisions-Vereins, vol. 18. 
nos. 15 and 16, pp. 150 and 157, August 15, and 31, 1914, 
4 pp., 9 figs., tp.). The article discusses the influence of the 
presence of notches on the strength of machine parts and 
boiler sheets. In a paper On the Influence of Notches on 
the Strength of Machine Parts, presented some time ago 


by Professor Heyn, of the Royal Testing Laboratory in 
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CGrosshchtertelde, he the 


action of notehes in the foliowing way: 


eX presses fundamental law ot the 

* Notches act as local powerful intensification of stresses.” 

Some time previously, Doctor of Engineering Preuss ex- 
tended the same view to the ease of the metal surrounding 
holes and notches in boiler plates and has shown in par- 
tieular the obnoxious influence of hand punching or caulk- 
ing. The harm done to boiler plates in the process ol knock- 
Ing off seale belongs to the same ¢lass, since indentations 
made on the plate by sharp instruments are nothing but 
notches and have all the harmful consequences of them as 
regards the distribution of stresses in the plate. Professor 
von Bach has repeatedly called attention to the fact that 
cracks in boiler sheets ean be ascribed to indentations orig- 
inally produced in knocking off boiler scale. Further, when 
the boiler sheets are cut, the action of the shears produces 
cracks which lead to injuries of the plate. It is always ad- 
visable, therefore, to remove the sharp edge of the eut plate. 
Protessor R. Baumann has also called attention to the ten- 
dency ot small eracks to extend through wrought iron, while 
Professor Heyn, in the above referred to paper, expresses 
the opinion that under certain circumstances, apparently 
quite negligible notches may materially reduce the ability of 
the plate to withstand repeated stresses. Even indentations 


as small as those produced by the marking tools as well as 
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quite unnoticeable blow-holes may lead to the development ot! 
dangerous notching action. 

The article goes into particulars as to the ruptures devel- 
oped in machine parts due to the initial presence of notches, 
and shows that slots for cotter for tastening the piston 
rod to the cross-heads, often become the starting points for 
ruptures, owing to the notch action. The distribution ot 
stresses along the edges of the slots is just as little favorable 
as that along the circular edges of a hole in a plate. Among 
other things, Professor Heyn refers to the extremely illumi 
nating experience of Hoenigsberger, who found that in the 
case of a crank, the neutral fibre, free of stresses. runs some 
what like a curve (Fig. 4) passing very close to the inner 
angles A on all sides. Professor Heyn states in this eon- 
nection that the maximum stress will be found at the edges 
K, and it was actually found that the neutral fibre passes 
close to these edges. Therefore, the edges of the notches in 
these parts enter to a certain extent into the neutral fibre 
and the result is that the stresses producing equalization of 
the moment of torsion are applied with a short lever arm; 
they are materially larger than those which are connected 
with the long lever arm at a considerable distance from 
these angles and experience has actually shown that these 
angles represent the most endangered part of the erank, and 
that in the majority of cases rupture occurs in exactly that 
loeation. 

The above considerations lead the author to emphasize the 


necessity of the notch shock test for the determination of 
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strength of materials and proper construction of notching 
parts. 


ALTERATION OF SuAreE TAKING PLACE IN UPSETTING OF 
CyLinpers (Der Umformungsvorgang beim Stauchen 
von Metallzylindern, L. Weiss, Zeits. des Vereines deutscher 
Ingenieure, vol. 58, no. 36, p. 1376, September 8, 1914, 2 pp., 
6 figs., e.). The present article contains illustrations and 
some new data coneerning the processes taking place dur- 
ing the upsetting of cylindrical metal bodies. If a copper 
cylinder is upset under a hammer, there takes place a cer- 
tain reduction of the height of the cylinder, and there ap- 
pears at the terminal surfaces of the cylinder a cireular 
area concentric to the edges. During further upsetting, the 
ring surface between the core circular surfaces and the edge 
gradually increases. In the case of copper this phenomenon 
doves not appear in a clear manner, but with copper-man- 
ganese alloy containing approximately 6 per cent man- 
ganese, the internal circular surface comes out with such a 
sharp difference from the ring surface at the edge that the 
first impression is that the two are of different metals. In 
Fig. 5A, the external diameter D and the diameter of the 
core surface D,, as they vary with the decrease of height of 
the eylinder, are shown by respective lines for a copper eyl- 
mm. (1.06 in.) in diameter and 54 mm. high (2.12 
In Fig. B are shown similar results obtained in the 


inder, 27 
in.). 
case of a copper-manganese cylinder 24.5 mm. (0.96 in.) in 
diameter and 49 mm. (1.92 in.) high. 

To explain this striking phenomenon, a metallographic test 
was made. The polishing of the two terminal surfaces and 
their microscopic investigation has not given any appre- 
that the dis- 
placement of the crystals in the metal was noticeable if a 
longitudinal cut of the metal was taken since it was found, as 
shown in Fig. C, for example, that the lines of flow of metal 


ciable results. The author found, however, 


were generally parallel to the longitudinal axis of the eyl- 
inder, but that they made a sharp break at the edges and 
continue to run horizontally. 
the core surface occurs at the point of change of direction 


The line of demarkation otf 


or just where the line of flow passes into the horizontal. In 
Fig. C these points are shown at the lower edge, in little 
circles; at the upper edge of the cylinder the little white 
lines indicate the original diameter of the cylinder. 


ENGINEERING SOCIETIES 


AMERICAN INSTITUTE OF MINING ENGINEERS 


Bulletin, no. 94, October 1914, New York City 
The Safety Movement in the Lake Superior Iron Region, 
EK. Higgins 
An Aerial Tramway for Mining Cliff Coal, A. E. Gibson 
A New Safety Detonating Fuse, H. Souder 
Gasoline Locomotives in Relation to the Health of Miners, 
O. P. Hood 


A Test of Centrifugal Motor Driven Pumps, S. S. Rumsey 
and W. F. Schwedes (abstracted) 


A Test Or CENTRIFUGAL Moror-Driven Pumps, 8S. 8S. Rum- 
sey and W. F. Schwedes (22 pp., 14 figs., e.). The paper 
presents data of a test of centrifugal motor driven pumps 
made at the Chapin Mine of the Oliver Iron Mining Co., 
where pumps are driven with electricity generated by water 
power. The article describes the general arrangement of the 
pumps, piping and electric control. The pumps were two 
3-stage pumps working at an estimated dynamic head of 


ENGINEERING SOCIETIES 


412 ft. against which they will have to operate when draw- 
ing 3000 gal. of water per minute, and two 6-stage pumps 
operating at the same capacity against an estimated dynamie 
head of 1000 ft. The pumps are of the multi-stage turbine 
type built in units of 3 stages each. The two single pumps 
each consist of one unit of 3-stages mounted on a common 
cast-iron bed plate with a 450 hip. 1200 rp.m. induction 
The 
double pumps each consist of two 3-stage units driven by a 
1050) hep. 
phase, 60 cycle 2200 volt wound-secondary induction motors. 


motor direct connected through a_ flexible coupling. 


similar induction motor of The motors are 3 

The article describes the method of taking the tests which 
does not materially differ from the usual practice, and gives 
complete data of the tests in the form of tables and curves. 
The purpose of the test was to determine for each pump 
with its motor, the head-eapacity curves of pumps; over-all 
efliciency, wire to water, degree with which builders’ guar- 
antees were met, and the mechanical operation of the pumps 
As re 


gards the wire to water efliciency at 3000 gal., the maximum 


and motors for vibration, thrust, heating and noise. 


Fia. 5 


Upserrine or a CyLinver 


obtained was 75 per cent. The pump bearings and oil for 
thrusts were water cooled, but no water was passed through 
the coils during the tests. The pumps ran very quietly on 
In the 
6-stage pumps some vibration occurred on account of the 
diffieulty in holding the alignment of the long cast iron 


pieces on the steel flue plates. 


all loads and the 3-stage pumps with little vibration. 


Absolute alignment of these 
pumps is of prime importance and their successful operation 
will depend more upon this than any other one factor. 


ENGINEERS’ SOCIETY OF WESTERN PENNSYLVANIA 


Proceedings, vol. 30, no. 5, June 1914. Pittsburg. 
Discussion on Measurement of the Velocity of Flowing 
Water (by Lewis F. Moody) and Pitot Tube Formulas 
—Facts and Fallacies (by Benjamin Feland Groat) 
Air in Jet Condensers, C. L. W. Trinks 


Discussion ON MEASUREMENT OF THE VELOCITY OF FLOW- 


inc Water (by Lewis F. Moody) anp Prror Tupe 
FormvuLas—Facts axp Fauuacies (by Benjamin Feland 
Groat) (90 pp., 22 fis., gpt.). For abstract of the 
original article, see The Journal, October, 1914, p. 
201. Prof. Gardner S. Williams told about his experi- 
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ments with the Pitet tube. He had occasion to rate the same 
instruments in still water by dragging one attached to a car 
and also to test them in running water where the water pass- 
ing the instrument was determined by measurement, and he 
His 


opinion, therefore, is that in still water, the stationary Pitot 


has never been able to get the two ratings to agree. 


tube does not get a rating that it would get by running past 


a measured quantity of water. Neither does he beleve im 


the precision of current meter measurements. He had occa- 


to Haskell 


water. A quantity of water passing down the experimental 


sion have a meter rating made in turbulent 


canal at Cornell University was measured over a weir and 
then measured by a current meter in the hands of Professors 
Schoder and Turner, of the instructing staff of the Univer- 
sity. Professor Turner had been in the employ of the United 
States Lake Survey 


gaging work on the St. Mary’s River, according to the prae- 


and had participated in the stream 


tice of the United States Lake Survey, which represents 
about the highest type of current meter work that has ever 
He testified under oath that the methods at 
Cornell were in entire harmony with those of the United 


been produced. 


States Lake Survey, and were of equal accuracy as tar as 
manipulations were concerned, Nine gagings were made and 
the results showed that in the turbulent water which existed 
in the canal, although no more turbulent than is encountered 
frequently at gaging stations in a stream, the Haskell meter 
under-registered in the extreme case something over 9 per 
cent and in all cases over 3 per cent. 
that 
any 


the three 
triction 


the 


stream 


ot 
line it 


Bernoulli's theorem claims sum 


heads must be constant in be 


neglected. In experiments made by the author at Cornell 
University, he found that the pressure at the center of the 
pipe is less than at its wall. He took an instrument con- 
sisting of a flat plate having an orifice connected with a 
small tube and starting at the wall, he moved this plate 
across the stream, keeping it always parallel to the axis of 
the pipe. He found that at the wall, the pressures trans 
mitted to the orifices coincided almost exactly with those 
indicated on the perforations in the periphery of the pipe in 
the same plane. As the orifices passed out to the center, the 
pressure appeared appreciably less. 

Edward 8. Cole told of his experiments made in the nine- 
ties and later, with the object of producing a practicable in- 
strument tor use in gaging the tlow of water in the street 
mains of Terre Haute. It was found that there was a decided 
advantage in the use of the duplicate orifice, one bent up- 
stream and the other downstream. <A _ photo-recorder has 
been developed which has made the imstrument more com- 
plete and efficient. The combined apparatus was given the 
name of Pitometer. 

N. C. 
cussed the general subject of measuring the velocities of 
water as actually done in the work of the Geological Survey. 
The stream gaging work of the Geological Survey has been 
conducted with a much higher degree of accuracy than would 
be warranted by the probable use of the resulting data. The 
work of the surveying engineer is very diversified and often 
done under difficult conditions, but is almost always required 
to give dependable results. The instrumental equipment for 
such work therefore must be simple, light and universally 
adaptable. The Fteley meter is perhaps the most accurate 
of current meters within the limits of its particular use. The 


Haskell meter is recognized as one of the best for work on 


Grover of the United States Geological Survey dis- 
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The 


used in turbulent 


large rivers. Price meter is not very accurate when 


water, but under conditions that cause a 


vertical motion of the meter, or when used under proper 


conditions, it will give results within reasonable limits of 


accuracy. The Survey, several years ago, employed an ex- 
pert mechanician in an unsuccesstul attempt to convert the 
screw type of current meter into a form for universal use, 
but later had to abandon it owing to the lack of available 
funds. 

William Pitot 


check upon other methods of measuring the discharge ot a 


KXent stated that he has used a tube as a 
pump at ligh pressure, and found its readings to give meas 
urements which agree within one per cent of those obtained 
by a calibrated nozzle and pressure gage and those obtained 
a weir, using the Francis formula, 

Protessor Charles M. Allen stated that he had made sev- 


eral hundred experiments with Pitot tubes of various types 


by 


to determine the coellicients of the instruments for still water 
that the 
were constant, but in all cases the coeflicients varied with the 


and moving water ratings. It was found ratings 


velocity. In still water in every case, they were higher than 


in moving water readings to the extent of from 3 to 5 per 


cent. Pitot tubes should be rated in moving water at the 
same velocities at which they are to be used. 

Morris Knowles related some of the early history of the 
velocity-of-water measurements. In experiments conducted 
upon jets issuing from standard orifices, it was very evident 
that a marked retardation of velocity in the jet occurred 
about the outer edge. If Bernoulli’s theorem were applied 
to two points, one at the center of the jet and the other at 
the outer edge in the same plane, the decrease of the velocity 
head at the outer edge would necessitate an increase in the 
pressure head to balance the greater velocity head at the cen- 
ter, but if the outer edge of the jet were under greater pres 
sure than the center, this pressure would cause the jet to lose 
its form, which appears to show that the Bernoulli theorem 
is not applicable to two such points. 


A. H. Brown and F. 


port of experimental work performed with a view of deter- 


Nagler have given a preliminary re- 


mining the possible causes of the over-registering of the cup 
type of current meter. It fully describes the method of tests 
and shows the arrangement of apparatus for testing current 
meters. It was found that if the meter be placed at a slight 
angle either above or below a horizontal, that the revolutions 
inereased very materially. At 90 deg. positions above or 
below horizontal, it showed contrary to expectations, ap- 
proximately one-half the number of revolutions that it reg- 
istered in its normal presentation to the flow and in the 
same direction. The eurve shown in Fig. 6 indicates also 
the shifting of the whole curve occasioned by the difficulty 
experienced in fixing the normal position. Under constant 
velocity of water, this particular meter will over-regisier as 
high as 25 per cent when placed at an angle to the normal 
direction of flow vertically. This effect, however, is slight 
up to the 45 deg. limit and is merely to reduce the num- 
ber of revolutions, the reduction increasing with the angle. 
On the curve of Fig. A, the cirele A is drawn to show 
the theoretical performance of the cup type of meter when 
placed at various horizontal angles. Under such conditions, 
neglecting the effect of the frame, it may be assumed that a 
constant velocity will be registered regardless of the an- 
gularity of the meter. This circle also shows the perform- 
ance of any type of meter so supported that it is free to 
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swing in any direction. The cirele &, drawn in on one-halt 
the diameter of 4 indicates, by the length of the various vee- 
tors intercepted, the true components of velocity and repre- 
sents the ideal meter performance. The dotted curve C is 
plotted on the actual test readings of the meter under test 
and indicates along the 25 and 35 deg. lines the approximate 
maximum error. ‘These lines lie at an average angle of 30 
deg. with the horizontal, whieh corresponds to the 60 deg. 
angle (approximate) of the bucket itself. 
C is plotted in on the basis of percentage of curve A. 


This double curve 
The 
error would be greatly emphasized if it were plotted in on 
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Fie. 6 
tlle basis of circle B, which shows the true resolved com- 
ponents desired. 

The Pitot tube readings are shown along curve B, whieh is 
wiso plotted in percentage of 1. The curve D is replotted 
in percentage of A by basing C on B rather than on A. 

Contrary to general ideas of the performance of the cup 
type of meter, it appears that in this case the over-register- 
ing is due to the fact of angularity of flow in a vertical plane 
rather than to that in a horizontal plane. The angularity of 
flow in a vertieal direction speeds up the meter to a consid- 
crable amount over the known error due to horizontal an- 
vularity of the flow. It appears, therefore, that the large 
Price meter should only be used when it is swinging free 
in all directions. The next series of tests were made with a 
small Price single point cup type of meter as made by Gur- 
ley. 
the above. 


The data of these tests are given in a curve similar to 
When rigidly supported, the modern small Price 
cup type of meter was found to be remarkably aecurate in 
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giving resultant components of velocity when subjected to 
liow that was distributed uniformly in all directions, but 
preponderance of angularity in any one direction, either 
horizontally or vertically, caused over-registering or under 
registering. In turbine work where the measuring section 
is selected upstream trom the turbine adjacent to the en 
trance of the channel, the meter is apt to over-register. 

The general conclusions of the speakers are that even the 
hest cup type of meter should preferably be used swinging 
and never rigidly supported unless it is known that dis- 
turbances are uniformly distributed in all directions, a thing 
The 


ideal meter is one which being rigidly supported in disturbed 


Which can hardly be accomplished in practical work. 


water, will register only two components of velocity when 
subject to tlow from any direction. This means that it must 
have identical, vertical and horizontal characteristic curves 
and to do this, the axis of rotation must coincide with the 
normal direction of tlow which at once limits the choice to 
the serew type of meter, the design of the head of which 
shall be such as to give the desired true components. 
Herman Bacharach told of his experiments in recording 


B 


AIR |SHORT |MEDIUM| POINTED | LONG TUBE | TUBE 
VELOCITY} TUBE | TUBE | TUBE (WITH FUNNEL) WITH DISC 
- SEC In Millimeter - Water Gauae 
2.29 |0342/ 0342 | 0342 0.342 0342 
2.76 |0460| 0490] 0.504 | 0.494 0507 
3.23 |0660|0690] 0714 0.680 0 686 
3.68 |0.860} 0910 | 0920 0.910 9.890 
413 |1.070| 1130] 1150 1.120 1123 
457 |1.290| 1.350| 1.370 1.370 1379 
494 | 1.530] 1.570] 1.600 1 590 | 1.615 
5.27 1.740] 1.810 1.810 1810 | 1.838 
5.65 | 1.980} 2050! 2.060 | 2.080 | 118 
6.20 | 2350 2.450 | 2410 | 2.420 | 2 540 
6.64 |2650|2770| 2770 | 2.770 | 2 780 
6.97 3.000} 3.150 | 3.150 3.150 | 3 210 


MEASUREMENT OF FLow oF Water BY Meters Prror Tune 


the velocity of flow with a Pitot tube. He 
velocities (Fig. B), showing the results ot 


gives a table of 
tests made with 
various shaped tubes where little variation has been evident 
with the different types of tubes, the greatest difference be- 
ing shown by the short tube. He also describes an instru- 
ment for indicating or recording dynamie pressures. Mr. 
W. M. White discusses the diversity of opinions ‘vith regard 
to the correct formula for / in the pitot tube measurements. 
Ile has devised a special apparatus for determining, experi- 
mentally, the true relation between the head and velocity. 


He found that the formula h =— is correct for the point 
2g 


al 
of the Pitot tube, and then devised a rather simple apparatus 
for obtaining the true pressure in the water at or near the 
point of the Pitot tube in order to find the increase of pres- 
sure in the impact pipe caused by the velocity striking the 
Pitot tube point over the static pressure in the pipe. Here 


again he found the same formula to hold good. In order to 
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test the statement of Gardner S. Williams, that the pressure 
in the water measured along the diameter of the pipe is 
not the same, but varies in accordance with Bernoulli's law, 
he designed a special apparatus in which provision was made 
various velocities as high as 
The object 


to discharge a jet of water at 
30 ft. per second, through a 3%, in, dise nozzle. 
of the experiment was to determine the pressure within the 
jet of water at Ingh velocity and more particularly to estab 
lish the fact as to whether the velocity along the shortened 
rod, as a plezometer holds, affected the pressure reading at 
that point. Whule seme of the curves obtained would seem 
to indieate a shght difference in pressure between the center 
ot the jet and its outer edges, the author comes to the con 
clusion that it may be expected with reasonable certainty 
that the velocity is the same across the jet. From other 
curves, it was found that the pressure in the water dropped 
to atmosphere just at the edge of the nozzle. The only ex 
planation that the author can give for it is that it is due 
tu surface tension on the jet. It appears, therefore, that 
there is no drop in pressure due to high velocities. 

Prof. Lewis F. 


The closure ot Moody, while of great in- 


terest. is too extensive for abstracting. 


Fic. 7 
Aik IN JET CONDENSERS, ¢ 
et). The article deals mainly with the influence of air on 
the performance of jet condensers. It shows an experi- 


mental jet condenser erected at the Carnegie Institute of 


Technology especially for this test. A constant rate of 


water flow and a constant rate of steam flow were main- 
tained; the speed of a reciprocating air pump which took 
air out of the cool top of the condenser was also maintained 
constant, but a variable quantity of air was admitted with 
Although the weight of air ad- 
mitted through the largest nozzle did not exceed 1.4 per cent 


the steam through orifices. 


of the weight of steam entering at the same time, the vacuum 
dropped from 28.5 to 23.2 inches, which means the differ- 
The tem- 
perature distribution in the condenser as shown by the dia- 


ence between very good and very poor vaeuum. 


L. W. Trinks (45 pp., 20 fig., 
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gram of Fig. 7, explains how even a very small quantity of 
air spoils the vacuum. ‘The temperatures were measured at 
points .1, B,C, D, and I. 
eflicient, the temperatures at 4 


It the condensation were most 
and E would be the same, 
with no air in the 


as was found to be the case in a test 


steam. As more and more air was admitted, however, the 


temperature at FE (tail pipe) did not change, but that at 
Db, C and A changed, rising slightly at ), more at © and the 
most at A. The temperature at / remained constant beeause, 
although the steam admitted was apparently hotter, it really, 
in spite of its higher temperature, contained no more heat 
because it contained more water. In a condenser which takes 
steam from an engine or turbine, however, the tail water 
temperature would rise with the addition of air to the steam 
on account of the increase of steam consumption for a given 
load on the prime mover caused by the dropping of the 
Neglecting the normal slight pressure drop be- 


it may 


tween the steam entrance 1 and the air pump nozzle, 
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Arr In Jet ConpEeNsERS 


be said that the pressure in the condenser is constant every- 
where, and further, the partial air pressure in the condenser 
inereases rapidly toward the air pump nozzle. 

As regards the quantitative fact of the presence of air in 
the condenser, the author points out that the air pressure 
at the air pump nozzle of the condenser adjusts itself auto- 
matically so that equilibrium is established between the air 
entering and the air removed, the latter being accomplished 
not only by the air pump, but also by the tail water. The 
capacity of an air pump in pounds of air in unit time is 
expressed by its characteristic or characteristics which can 
be found only by actual tests. If, however, the builders of 
air pumps know these characteristics, they do not publish 
them which makes the performance of condensers entirely 
uncertain, as the condenser owner has no means of knowing 
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how much air leaks in or how much he pumps out. Further, 
all the characteristics of air pumps which have been pub- 
lished are based on the pumping of dry air which may be 
entirely different from the characteristics of air and vapor 
mixtures. 

Fig. B shows the influence of air pump characteristies on 
vacuum. 


> 


It assumes the knowledge of the characteristics of 
the air pump on a given condenser as well as the knowledge 
of the temperature at the air pump nozzle and absence of 
appreciable pressure drop between the air pump and the 
air pump nozzle in the condenser. The characteristics of 
three similar pumps of different sizes are indicated as well 
as two rates of inflow of air. It is evident that the same 
vacuum may be maintained in spite of different rates of air 
inflow if corresponding air pump capacities are employed. 
In connection with the use of the characteristics for actual 
condensers there are two difficulties; in parallel flow eonden- 
sers, the lack of definite knowledge of the temperature at 
the air pump nozzle, and in countercurrent condensers, the 
possibility of pressure at the air pump nozzle of the con- 
denser being different from the pressure in the condensing 
The author comes to the conclusion that the 
temperature of the air and vapor mixture depends upon the 
rate of air inflow and air removal while the rate of air re- 
moval depends upon the temperature of the air and vapor 
mixture. 


space proper. 


He discusses the influence of air pump capacity in 
countercurrent condensers at considerable length. 

As regards the weight of air in a condenser under normal 
conditions, the injection water carries up to 2 per cent of 
atmospheric air by volume or approximately per cent 


400 
by weight, or, further, ¥g per cent of the weight of the 
steam; some of this air stays in the water even at the low 
pressure of the condenser. The weight of air coming in with 
the steam from the boiler feed water is usually negligible, 
but air enters the condenser with the steam on account of 
leaks. This depends on the average air pump capacity 
which may range from 2 to 4 times the quantity of air 
entering with the water. If more enters, the vacuum must 
drop. Tests of condensers show reasonable uniformity in 
the effects of air leaks. The author gives a curve derived 
from a test on a Mesta barometric condenser and a West- 
inghouse Le Blane condenser. With 1 per cent of air by 
weight in the exhaust steam, the vacuum is exceedingly poor. 
The author states, however, that there is no reason why that 
should be so, provided the air pump is made large enough 
and there is a sufficiently free passage in the condenser for 
the air. The point is only where to draw the line and 
whether to build a condenser and pump for an 1 per cent 
leakage or for 1 per cent or more. 

This question leads to a good deal of quarreling between 
the condenser builders and the condenser owners, and could 
be easily avoided by devising an instrument for the correct 
measuring of the quantity of air in exhaust steam. The 
author briefly describes the principle upon which he worked 
in order to devise an air detector. The device is said to be 
really a reliable piece of laboratory apparatus but a very 
poor instrument for power plant use. 

He proceeds to discuss the influence of subdivision of in- 
jection water. Observation through the glass windows of 
the experimental condenser at the Carnegie Institute of 
Technology revealed the fact that the steam blew the sheets 
and jets of water literally to atoms, producing a vast con- 
densing surface in a small space. The following fact proves 
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further that the condensation was completed in a very small 
space; the tail water level was gradually raised in the con- 
denser until it touched the steam pipe and no change in the 
vacuum could be noticed, although the steam flow and water 
flow were quite heavy compared with the size of the vessel. 

followed, Karl Nibecker stated 
that he recently conducted tests on a condenser where the 
drop in the vacuum trom the air pump to the steam inlet 
nozzle was 0.66 in. otf 


In the discussion which 


mereury. He believes that this ex- 
cessive drop was due entirely to poorly designed weirs and 
insufficient condensing area at the base of the vessel. In a 
condenser with the weirs properly designed, the drop in 
vacuum has been found to be less than !s in. He suggested 
further that it would be good practice to make the air pump 
capacity 8 to 10 times the amount of air brought in by the 
water and usually operate the pump at very slow speeds. 
When air leaks are developed during the operation, the 
pump speed can be increased and a reasonable vacuum 
maintained until such time as the pump can be taken off 
conveniently tor repairs. He also described a type of air 
detector which is expected to give good satisfaction. 

W. E. Snyder stated that after a wide condenser experi- 
ence, he finds that the only feature which gives the most trou- 
ble to condenser men is the lack of air pump capacity due 
to insuilicient attention to operating conditions by the eom- 
pames designing condensers. Another difficulty in connee- 
tion with the operation of condensers which is being grad- 
ually eliminated, however, is driving both the air and water 
pumps by means of one prime mover, making it impossible 
While the speaker 


agreed with the general statement that some leakage of air 


to vary one independent of the other. 


into the exhaust system under vacuum is bound to occur, he 
suggested several general rules for keeping this leakage down 
to minimum. 

J. B. Shatzer describes a multi-jet condenser based on the 
principle of subdividing the condensing water and passing 
it through the condenser at a high velocity. No complete 
tests on this type of condenser have yet been made, the only 
point on which data have been obtained being the water ratio 
of the condenser and the amount of air handled without 
admitting steam. 
than is required for the ordinary jet condenser. In 
cases, the difference in the temperature between the theoret- 


The water ratios run on an average higher 
Inost 
ical vacuum and the tail water is about 15 deg. or higher 
than that obtained by other condensers. 
sidered disadvantageous by the builders, because the work 


This is not con- 
ordinarily done by an air pump in a condenser system is in 
this case taken care of by the extra water passing through 
the condenser, this being resorted to in the belief that it is 
more economical to remove air by means of a highly efficient 
water pump than by an air pump of low efficiency. A set 
of curves is given to show the air handling capacity of a jet 
condenser, showing its increase with the pressure maintained 
on the condensing water, and also showing that with the 
pressure of 15 lb. in the water head, it is possible to admit 
0.7 lb. of air per minute and still maintain a vacuum ot 
about 20 in. 

R. M. Rush told of his experiments with carbon packing 
and steam sealed glands on turbines and engines. They had 
to deal with an exhaust steam turbine operating in connec- 
tion with an engine and governed entirely by the engine. It 
was found that at partial load the vacuum would go back 
into the engine cylinder. Under these conditions, the air 
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leaks around the stuffing boxes of the engine would be so 
great that the vacuum would be interfered with in the con- 
denser, but it would be possible to prevent the leakage of air 
along the engine piston red by means of carbon packing 
rings split in three parts and held together with a spring. 
The author beheves that low vacuum which is so common 
around steel mills might be bettered by the introduction of 
carbou steam-sealed packing on reciprocating units. 

N. Owitz objected to having an air pump on a condenser 
larger than is really needed for the duty required on account 
ot the additional expense. Ile deseribed the principles of 
condensation in a jet condenser as well as the countercurrent 
tvpe of such condenser, and gave the results of tests of the 
countereurrent jet condenser shown in a figure in the text. 
In that specilic Jet condenser, the cooling water can be dis- 
charged at exactly the temperature of the exhaust steam or 
at an efliciency of 100 per cent. With increased consump- 
tion of the cooling water in an ordinary jet condenser, a 
larger air pump and an increased power consumption by 
that pump would follow from an increased amount of air 
brought into the condenser by the cooling water. The coun- 
tercurrent type of construction of a jet condenser and the 
consequent cooling ot non-condensable gases passing through 
the air pump at a low temperature result in a minimum load 
on the air pump required to maintain a given vacuum in the 
condenser. The speaker pointed out that air can be intro- 
duced with circulating water in a suspended or globular 
state where the water supplied to the condenser has been al- 
lowed to become intimately mixed with the atmosphere. 

In the case of still water, the amount of air in each eubie 
foot of water may be said to vary about as shown in Fig. C. 
While, however, the amount ot air by weight dissolved in 
each cubic foot of water seems to be very small, the actual 
volume of air becomes very large because of the low pres- 
sure exhaust. Professor Trinks, in connection with the lat- 
ter remarks, called attention to the fact that in a counter 
current type of condenser the pressures at the top and at 
the bottom are determined by different considerations. With 
a large, fast running air pump, small water flow and little 
air leakage, steam must break into the top of the condenser 
and spoil the efliciency of the air pump. 
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Journal, vol. 178, no. 3, September 1914, Philadelphia, Pa. 
Stability of Aeroplanes, Orville Wright (abstracted) 
The Screw Propeller, W. F. Durand 

Srapitiry OF AEROPLANES, Orville Wright (10 pp., g.). 
The article is an address made by Mr. Orville Wright when 
he received the Institute’s Elliott Cresson medal. It pre- 
sents a general discussion on the question of stability of 
aeroplanes and describes the development of the stabilizing 
and the conditions of loss of equilibrium. He concludes by 
deseribing the various methods of automatic stabilization. 


IRON AND STEEL INSTITUTE 
Advance copy, autumn section 1914, 


The Deearburization of Steels in the Salt Baths Used for 
Heating Prior to Hardening, A. M. Portevin (ab- 
stracted ) 

Utilization of Heat Contained in Slag, W. L. Johnson (ab- 
stracted ) 

THe DECARBURIZATION OF STEELS IN THE Batus 

Usep ror Heatine Prior to Harpentne, A. M. Portevin. 

The article discusses the decarburization of steel when 


treated in baths of molten alkaline salts. Such baths are 
becoming more and more usual for the heating of steel bars 
prior to hardening. They allow much more rapid heat- 
ing of the small parts and of gradually adjusting the tem- 
peratures of heating in addition to eliminating or at least 
considerably reducing the superticial oxidation. They in- 
volve, however, a little realized danger of producing spot 
or superficial decarburization, especially where the heating 
is prolonged, The author has carried out a series of experi 
ments with the object of investigating this deearburization. 
He maintained for various periods in molten potassium 
chloride at a temperature of 1000 deg. cent., samples of a 
hypereutectic steel containing 1.46 per cent of carbon. It 
was found that with an inerease in the length of time the 
samples remained in the bath, there was an increased decar- 
burization marked both by the inerease in the depth of de- 
carburized layer and by the lowering in carbon percentage 
of the surtaces, falling as low as 0.2 per cent. The decar- 
burization is most effective after quenching and is better re- 
vealed by the Shore sclerometer than by the Brinell test be 
cause the former applies only to a small depth. At 900 deg. 
cent. the decarburization is not so deep, but almost as great 
so tar as the superticial lowering of the carbon percentage 
is concerned, 

Experiments with the same steel in the salt bath described 
by Brayshaw for use in hardening furnaces (Potassium 
chloride 9.56; sodium chloride 0.39; soda 0.5; potassium 
ferro-eyanide 0.2) showed that the degree of decarburization 
is nearly the same as when pure sodium chloride was used 
and the influence of the small amounts of ferro-cyanide 
added with the object of counteracting the decarburization, 
did not appear very efficacious. The employment of mix- 
tures of cyanide and cyanate of potassium has enabled the 
author to establish equilibria of carburization between steels 
and the bath so as to obtain simultaneously in the same bath 
the decarburization of hard steels and the carburization of 
dead-soft steels. The two phenomena appear then to tend 
toward a common limit which would be the carbon concen- 
tration of the steel which remains in equilibrium at 900 deg. 
cent. in the chloro-eyanide bath. This limit appears to be 
independent of the quantity of potassium cyanide present in 
the bath. It has been noted that very frequently when this 
bath contains cyanide of potassium and likewise when it con- 
tains ferro-cyanide of potassium, there appears subjacent to 
the carburization layers, needles of appearance similar to 
those described by Braune in his researches on the influence 
of nitrogen on iron and steel. The article contains tables of 
data obtained by these tests. 


UrivizaTion OF Heat ConTaINeD IN Walter L. 
Johnson. The article contains a description of the method 
for the utilization of heat contained in slags. It describes 
the apparatus used for producing the steam and the calan- 
dria, in this ease the Kestner single-effect climbing film 
evaporator. At first it was intended to use the steam pro- 
duced in an exhaust steam turbine, and after numerous ex- 
periments on blades of different metal, it was found that 
duralumin was affected very slightly so that a 50 kw. tur- 
bine with blades of this material was experimented with. 
The steam produced from ordinary gray Cleveland (Eng- 
land) slag contains about 0.5 per cent by volume of non- 
condensable gases: sulphureted hydrogen and nitrogen. They 
were absorbed by washing the gases with milk of lime to 
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absorb the sulphureted hydrogen and then passing the re- 
mainder through a tube containing ealeined Cleveland iron- 
stone heated to a temperature of about 750 deg. ceut., the 
nitrogen being taken care of by the air pump. 

When at the end of two months the turbine was opened 
up, the openings were found to be partly blocked up with 
fine sulphur which had caused some wear of the blades. 
After this the direct method was abandoned and a water 
turbine 
With steam trom slag at 100 
deg. cent. and the temperature in the calandria 91 deg., the 
mean of 22 experiments gave 173 gal. of water evaporated 


heater or heat exchanger introduced between the 


and the primary generator. 


per hour and the average steam per hour condensed in the 
190.2 gal. 


determine the amount of available steam from the slag by 


calandria was Experiments were also made to 


condensing and measuring it. The mean of 7 experiments 
gave 1017 |b. per ton of slag, but after deduction, 855 Ib. 
ot clean steam available for the turbine. Since the modern 
exhaust steam turbine with full load on and a vacuum of 
2815 in. can be guaranteed under the above conditions to use 
not more than about 27 Ib. per h.p., this gives 31.6 h.p. per 
hour per ton ot slag per hour. 

As regards the cost, the author states that the difference 
in practice at different works makes it impossible to give 
the cost ot running such a plant. Apart from handling the 
slag, the cost ot the electric installation is the same as in 
the ordinary exhaust steam turbine plant of a similar size. 
and the attendant can regulate the water in the calandria. 
But there is about 2 per cent more power required for the 
greater amount ot condensing water per h.p., and where the 
slag is already being granulated, there is the extra up-keep 
ot the second elevator. One man per furnace should be able 
to attend to the primary generator and running in the slag, 


the remainder being mechanieal. 


SOCIETY OF CHEMICAL INDUSTRY (BRITISH) 


Power Costs 1x Various Worw«s, T. Rolland Wollaston. 
The present abstract is taken from the Zron and Coal Trades 
Review, as the library ot the Engineering Societies has not 
yet received the proceedings of the Manchester section ot 
the Society of Chemical Industry. 
parison between various methods of steam generation for 
The 
author does not believe that the ordinary boiler furnace 


It is devoted to a com 
power purposes with other thermal prime movers. 


provides a satisfactory means of burning coal to advantage. 
The same chemical reactions are supposed to take place 
where the coal is burned in a bed 9 in. deep on a boiler 
With the gas pro- 
ducer, however, the gas is generated and burned under con- 
ditions closely approximating theoretical accuracy. In the 
boiler furnace, on the other hand, even in the best practice. 
a very large amount of excess air is used which vitiates the 


grate or 6 ft. deep in a gas producer. 


results, while the maintenance of the correct conditions for 
combustion in a thin bed over an area of say 20 sq. ft. is 
a matter of impossibility, even with the most perfect me- 
chanical stoking devices. At the same time, in the boiler 
furnaces the radiant heat of combustion is usefully em- 
ployed, but dissipated in the producer. 


ENGINEERING 


SOCIETIES 


The producer type of furnace attachable to boilers of the 
Lancashire and other types in which the air for combus 
tion is highly preheated through the agency of the radiant 
heat of combustion, is said to have been experimented with 
with some success. Llitherto, the firing of boilers by pro- 
ducer gas has only proved a paying proposition when the 
by-products could be extracted from the gas previous to its 
combustion, and even then only on a large seale. It may be 
expected, however, that recovery gas producers in conjune- 
tion with special boilers will enable the plant as a whole to 
work at approximately the same efficiency as the normal 
hand-fired boiler, the resultant by-product paying for a large 
part of the fuel costs, and in certain cases even showing 
a profit. 

The author proceeds to give data of cost of operation of 
various types of prime movers, such as steam turbines, the 
same plant with high duty gas fired boilers, a 2000 hip. re 
covery gas plant with gas engines, 2000 h.p. of Diesel en- 
gines and a similar amount of power from peat gas recovery 
plant of the Mond system. 
in the last one, for which the data given by the author are 


The most surprising result is 


Not only is the power free of cost, but there is 
The 


higher 


reproduced, 
an actual profit of 21 per cent on the capital outlay. 
‘apital cost of the plant, however, is extremely high 
than in any other type of prime mover: 


TABLE 1 PEAT GAS RECOVERY PLANT, MOND SYSTEM WITH 


2,000 H.P. OF GAS ENGINES 


Capital Costs 


2,000 h.p. peat recovery plant £24,000 
2,000 h.p. of gas engines at £6. 12,000 
Foundation and buildings and auxiliaries. 6,000 
£42,000 
Running Cost 

Dr. to 33,000 tons of peat at 5s £8,250 
ss 2,140 tons of acid at 33s 3,530 
“Oil and stores, say..... 700 
Bags and packing sulphate 713 
Labour, 27 men at £70. 1,890 
Maintenance at 2 per cent. S40 
Interest and depreciation, 10 per cent 4,200 
£20,123 

Cr. by 2,140 tons of sulphate at £12 10s £26,750 

ad 2,140 tons of tar at 20s 2,140 
Credit balance £8,767 
Cost per h.p. hour. nil. 
Cost per hp. year nil 
Equivalent cost per unit nil 


With a clear profit of 21 per cent on capital outlay. 


CLASSIFICATION OF ARTICLES 

Articles appearing in the Survey are classified as ¢ com- 
parative; d descriptive; e experimental; g generai; h his- 
torical; m mathematical; p practical; s statistical; t theoret- 
ical. Articles of especial merit are rated A by the reviewer. 
Opinions expressed are those of the reviewer, not of the 
Society. The Editor will be pleased to receive inquiries 
for further information in connection with articles reported 
in the Survey. 


fates 
de 
call 
i 
er 
Ge 
hog 


FOREIGN REVIEW AND REVIEW OF PROCEEDINGS OF 


ENGINEERING SOCIETIES 


ENGINEERING SURVEY 

While in general, foreign engineering periodicals are pub 
lished, at least in sections of Europe not directly atfeeted by 
the war without much interruption, the events begin to affect 
their size and wealth of material, some of the papers having 
cut down the numbers of the issues, and others the number 
of pages. As is mentioned in one of the articles abstracted 
in this issue, some projected investigations have been stopped 
for lack of funds owing to the general tendeney to economize 
on everything that does not bear directly on the war. An- 
other regrettable situation is the 


feature of the present 


long lists of “dead for their country ” published by some ot 
thre Kuropean socereties and representing a griey 
ous waste of the best eoustructive forces of their respective 


countries, 
THIS MONTH'S ARTICLES, 


The first article treats of the proper dimensioning ot heat 
ing surfaces in heating installations where steam, either ex- 
haust or live is used, and among other things, describes the 


arrangement used when the waste heat of internal combus- 


tion engines is utilized. The article is not yet finished. It 
may be explained here, by the way, that contrary to the 
usual practice of the Engineering Survey, several unfinished 
articles have been abstracted in this issue. This is done be- 
cause foreign papers now come irregularly, several issues at 
one time, and that there nay be a long delay when none are 
received, Under these conditions to wait until the entire text 
of the original article is at hand would be contrary to the 
policy of the Survey to be as much up to date in its infor 
imation as possible, and so the plan is to give abstracts of 
such untinished articles as present in the part available, sulli 
cient data to make them of immediate interest. 

In the section Internal Combustion Engineering is given a 
deseription of two new types of gas producers, one of which 
is especially adapted to handle vegetable refuse and particu 
larly seaweed, in the latter ease with the recovery of potash 
and potassium carbonate. 

In the seetion Steam Engineering are deseribed straight- 
flow rolling mill engines, and interesting data are given on 
the jet condenser connected with it. The data of tests with 
recording load meters on steam engines are of particular 
interest in these days of vigorous effort to secure maximum 
eilimeney of apparatus used. Besides, as shown in the ar- 
ticle, the use of the recording indicator enables one some- 
times to locate trouble of an otherwise elusive character. In 
Schulz’s article on temperature measurements in evapora- 
tion tests is diseussed the still mooted question (in Germany) 
as to what is the entrance to the economizer, and how ther- 
Valuable 
data on the distribution of temperature in the economizer 
are cited, 


mometers in evaporation tests should be placed. 


Pradel’s description of the Pellegrino grate forms 
part of lis usual quarterly account of progress made in the 
field of boiler firing, the closing part of whieh will be ab- 
stracted in an early issue of The Journal. 

In the section Thermodynamics are reported two important 
investigations, Hornborn and Jakob’s on the specific heat of 
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air at 60 deg. cent. and various pressures, up to 200 atmos- 
pheres; aud of Stodola on the phenomenon of undereooling 
of steam flowing out from nozzles. 

In the paper presented by F. G. Cutler before the Ameri- 
can Iron and Steel Institute are described some of the im 
provements in power generation made at the Ensley plant 
Their 


great importance and extent can be judged trom the author's 


of the Tennessee Coal, Iron and Railroad Company. 


statement that “the saving in coal with the present equip 
ment and methods of operating over the former practice is 
estimated to be at the rate of 200,000 tons per annum.” 
R. L. Daugherty, in a paper before the American Society of 
Civil Engineers, presents data on the performance of a re- 
action turbine made at Cornell University with a greater 
thoroughness than is usually the case with commercial tests. 

Two papers are reported from the Journal of the Ameri- 
can Society of Marine Drattsmen, a new publication which 
we take this opportunity to welcome. 

Temperature Cycles in Heat Engines, by Protessor F. G. 
Coker and W. A. Scoble. and Seventh Report of the Ex- 
plosion Committee, are the titles of two papers before the 
Australian the British 


considerable 


meeting of Association which have 


already attracted attention in the European 


scientific and technical press, The seeond of these papers 


describes, among other things, methods of measuring the 

temperature in the evlinder of an explosion engine se as to 

determine it at various parts of the evele. 
The topie 


Gi. Wagstaff before the Central Railway Club. 


locomotive areh brick the discussed by 
It contains 
statistical data concerning engines equipped with fire brick 
aurehes in this country and Canada. 
method of heat 


treated axles, and a discussion of the influence ot quenching 


determining the internal stresses in 
by horizontal or vertical immersion form the subject of a 
highly interesting investigation, by H. V. Wille, published 
the Franklin Institute. 

From the recent publication of the Institution of Mechan- 
ical Engineers are abstracted the report of the Refrigera- 
paper of Dr. W. E. 
Nozzles. <A 


Gases through 


in the Journal ot 


tion Research Committee, and the 


Fisher on the Diseharge of Steam through 
paper on the Theory of Flow of 


by J. G. 


Nozzles, 
Stewart, had to be left out for an early issue on 
account of lack of space. 

Finally, from the Quarterly of the School of Mines has 
been taken an account of the recent tests on the physical 
properties of steel and east iron bars broken at various tem- 
peratures, 


Heating 

Uriization oF Exnaust Heat oF ENGINES FOR PURPOSES 
or Heatine with Particular ReGarp TO THE DIMENSIONS 
oF Heatinc Surraces (Uber die Verwendung der Mashcin- 
cnabwirme fiir Heizzwecke unter besonderer Beriicksich- 
Wilhelm Deinlein. 
Zeits. des Bayerischen Revisions-Vereins, vol. 18, no. 17, 
pp. 163, September 15, 1914, serial article, not finished. 
dp). 


tigung der Heizflichenbemessung, Dr. 


There is quite a large amount of information in ex- 
istence on the utilization of waste heat of prime movers for 


ra 

deg 
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the purpose of room heating and water heating, but in most 
of the articles which have appeared so far, insufticient in- 
formation is given with respect to the auxiliary apparatus 
used in such installations and especially with respect to di- 
mensions of the parts. The present article takes up these 
features with special regard to room heating, hot water pro- 
duction and feed water preheating. It gives a general ac- 
count of the systems of heating by exhaust steam, both ex- 
haust in the true sense of the word and live steam used for 
heating purposes before its admission to the prime mover 
The 


author gives several diagrams of connections for heating 


which the author calls in this case * incoming” steam. 


by low pressure steam from an engine exhausting into the 
atmosphere, vacuum heating with the condensing steam en- 
gine, hot water heating from an internal combustion engine, 
the latter shown in Fig. 1. From condensing steam engines, 
water is obtained with temperatures of from 40 to 80 deg. 
cent. (104 to 176 deg. fahr.), according to the degree of 


vacuum available. With internal combustion engines (ae- 


. Water Tank Re-cooling plant 
ley 
5 Overflow s 
ac = 
ES 
- 
QC) t Wate in 
Hot Water Heating 


Internal Cormbustion 


Enaine Pipe for pure heatir g 


by circulation 


Fic. 1 Instattation Ustna Waste Heat rrom INTERNAL Com- 


BUSTION ENGINE 


cording to their size) water temperatures up to 70 deg. cent. 
can be obtained, but in the case of larger engines, especially 
gas engines, the temperature has to be maintained consid- 
erably below 70 deg. cent. (158 deg. fahr.). The author 
knows of no case where water of condensation or cooling 
water is used for heating purposes with supplementary heat- 
ing. 
in industrial concerns only for the purpose of heating shops 


The possibility of such an arrangement is recognized 


and offices and the general objection to it is the low tem- 
perature of heating and the necessity of reserve installations, 
which involve a large investment. 


Internal-Combustion Engineering 


MoperN PROGRESS IN THE THEORY AND PRACTICE OF GAS 
Propucers (Die neuern Fortschritte in Theorie und Praxix 
der Generatorgaserzeugung, J. Gwosdz. Gliickauf, vol. 50, 
no. 41, October 10, 1914, serial article, not finished. d). 
The article describes the progress made during the last few 
years in the design of gas producers. Among the types 
described, of particular interest, are those of Ragot and 
Pierre-Hervotte (French, though patented in Germany) 
and the German Pintsch generator, of which a new type is 
shown in the article. The former of the two is designed 
mainly to burn vegetable refuse and other cheap fuels. It 
has two zones of combustion, a and b (Figs. 2 A and B), 
located one above the other and composed of superimposed 
truncated cones. The downward shaft is closed by a wire 
screen pipe c and grate d, which is designed partly as a valve. 
The admission of air and steam to the upper and lower ad- 


REVIEW 


mission pipes, staggered with regard to one another, is et- 
fected through the circular pipe e and admission branch pipe 
yj. The peculiar teature of the design is the use of the under 
shaft section g as a water container, into which the wire 
screen cylinder ¢ and grate d are dropped; the gas is forced 
therefore to pass through the water of the container g betore 
the gas eduction 
the 
vas is freed from impurities and such undesirable constitu- 


it can reach the chamber hk and from it 


pipes. In this way, before entering into the piping, 
ents as wood vinegar. The bubbling of the gas through the 
water container g helps also to break up the ashes on the 
grate d and to prevent the clogging of the interspaces be- 
tween the grate bars. When plants are used as a tuel. this 


action of the water on the ashes helps also to reeover such 


Starting At 
Air 5 


New 


Fic. 2 


Tyres oF Gas Propucens 
solids as potash and sodium earbonate. ‘This type of pro- 
ducer is therefore particularly adapted tor burning seaweeds 
along the coast region. 

The development of the new Pintseh produce’ was based 
on the idea that a more effective tar separatio: would be 
obtained if the gas were freed from soot. In the producer 
shown in Figs. C and D, the fuel is completely distilled in 
the gasification shaft a, and taken out as coke trom the gasi- 
fication shaft e. The producer gas forms in the latter shaft 
for the most part closely around the gasification shaft 
through passages made in the brick setting and reaches the 
point of consumption, while a smaller part of it is taken 
in through suction by means of the steam jet blower ¢, 
through the gasification chamber and, together with the 
gases of distillation, reaches the hearth d, where the gases 
are mixed with the air taken in by the motor or suction 
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The 


products of combustion are then again for the most part 


blower and are completely burned in a free flame. 
converted into combustible gases in the hot zone of com- 
hustion. As shown in the figure, the contents of the shaft 
iepose over a tank filled with water, which permits the 
ashes to be removed conveniently without producing any dis- 
turbance in operation. The lower heating value of the gases 
produced is approximately 950 to L000 WE. (1800 B.t.u. per 
pound), or approximately equal to the heating value of 
blast furnace gas, but considerably below that of the ordi- 
nary producer gas. The average composition in a 150 h.p. 
plant has been found to be CO., 8.6 per cent, CO, 18.3 per 
cent, H, 14 per cent and CH,, 0.6 per cent. Thermal efli- 
ciency is trom 60 to 70 per cent and the fuel combustion 
(.48 to 0.59 kg. per effective h.p. 


Steam Engineering 


CONCERNING MEASUREMENT OF TEMPERATURE IN Evaro 
RATION Tests (Uber Temperaturmessungen bei Verdampf- 
ungsversuchen, M. R. Sehulz, Zeits. fiir das gesamte Tur 
hinenwesen, vol. 11, 419, October 10, 1914, 3 pp. 
1 tig. ep). 


The article discusses the method of taking temperature 


no. 28, p. 


readings in evaporation tests. The author finds that in a 
number of tests on boilers, superheaters and economizers, the 
data obtained did not quite agree with the actual conditions. 
The author believes that the fault lies in the fact that the 
imstruments for measuring the temperatures are not placed 
in the proper positions and proper parts of the gas currents. 
Ile tound that in recent tests on economizers the economizer 
appeared, according to the test data, to have taken up more 
heat than was available for its use, which, of course, would 
be due only to improper measurements. 

In Germany, guarantees of economizer performances 
usually state that the guaranteed performance is to be based 
upon the temperature at the entrance to the economizer and 
the author has noticed that 


this essential condition is not 


always satisfied. According to the belief of the author, the 
entrance to the economizer can be understood only as the 
place where the gases enter the economizer, and an econo- 
mizer is understood as a system of piping built into a brick 
structure and provided with an entrance chamber and ex- 
haust chamber. If one mixes the flue gas and air in the en- 
trance chamber of the economizer and ealls it the entrance 
to the economizer, only false results, according to the state- 
ment of the author, ean be obtained. 

To prove this, the author placed absolutely similar ther- 
The first three 
of them he placed in the main flue at the entrance of the 


mometers at the same depths of immersion. 


gases into the economizers at the places indicated in Fig. 3 
as a, b and c, and then three more in the entrance chamber 
at the places marked d, e and f. The first three thermom- 
eters were placed in their three measuring holes vertically 
and the other three thermometers horizontally, somewhat in- 
clined, while a seventh thermometer was placed into a hole 
At the 
same time, in the flue passages of the four boilers then in 
operation, measurements of the flue gases were made, at a 
distance of about 1 m. from the boiler, so that the instru- 
ment should not be affected by the 
boiler setting. 

The author asserts that it is wrong to believe that the flue 


in the eover of the economizer casing g vertically. 


heat radiated by the 
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gases can be materially cooled down in the mam flue during 
the passage of from 30 to 50 m. (98 to 164 ft.) long. In 
the present case, the cooling amounted at most to 10 deg., 
although the flue was over 30 m. long. If eooling is actually 
that the 
valves are so lacking in tightness that large amounts of air 


established in the main flue, it is due to the fact 


are permitted to enter, or possibly the valves are open on 


ether boilers which are connected with the smokestack but 


are not in operation (perhaps because they were being 


cleaned). It is of great importance, therefore, during the 
flue, 


it is best to have the valves on the boilers which are not in 


test, to allow no cold air to enter into the main and 
operation covered with elay. 

The measurements in the main flue at the entrance to the 
cconomizers were carried out by three pyrometers of equal 
length in sueh a way that all the pyrometers were placed at 
equal depths into the setting at a distance of about 400 mm. 
The 


changed in position several times and the results were always 


(15.7 in.) from one another. thermometers were 


Pe mete ? 
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clined position 
— 
Fic. 3) Temperature MeastremMents in Evaporation Tests 


the same. The two cuter thermometers always indicated a 
little less than the middle one, which leads to the conclusion 
that both outer thermometers had been somewhat etfected by 
the temperature of the brick work of the side walls. Quite 
noticeable, however, was the difference in temperature at the 
three places, a, b, c and d,e, f. The thermometer at d indi- 
cated always the same temperature, if it was placed low 
enough. The other two thermometers indicated lower tem- 
peratures, so that even in an economizer 3 m. wide one ceuld 
difference in between 


observe a temperature 


placed at a, b, ¢ and those placed at d, e. / 


instrun ents 
a difference of 
30 deg. cent. (54 deg. fahr.) over an average distance of 
114 m. only; the vertical thermometer still less, only about 
that the vertical 
thermometer at g was not placed quite vertically over the 


250 deg. The author noticed, however, 
three other holes and was inclined somewhat in the direction 
of the economizer. 

Even though this fact appeared sufficient to prove that 
it is not correct to effect measurements in the front chamber. 
the author the 
chamber of the economizer. Here the difference in temper- 
atures was not as great as it was at the entrance, which ap- 


earried out further measurements in rear 
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peared to be due to the fact that a very considerable amount 
ot cold air was allowed to enter through numerous leaks 
and that this materially increased the volume of the gases. 
Further temperature measurements were then undertaken. 
the three thermometers being taken out from d, e, f and 
placed at the same height into the economizer brick setting. 
where it was found that at the points d, e, f entirely differ- 
ent results were obtained; to wit, 260, 270 and 25: 
respectively (500, 518 and 482 deg. fahr.). These measure- 
ments were effected at a distance of approximately 300 mm. 
(11.8 in.) from the collector piping, and gave an average 
figure of 260 deg. cent. 


avg. cent.. 


Here again 10 deg. have been lost 
in the distance from the lowest point of measurement of 20 
Finally, the ther- 
mometer was shitted from d to /,. or quite close to the first 


deg. from the entrance to the economizer. 


row of pipes on the lower collector piping, which gave a flue 
gas temperature of 240 deg. 
ried on with the upper thermometer, but there a difference 
at most from 5 to 10 deg. could be found. 


The same operations were cal 


Further tests were made in the economizer casing at vari- 
ous places, but always along the same vertical line, and it 
was found that in the lower third part of the economizer the 
flue gas temperatures were quite low. This difference in 
measurements is explained by the author on the basis of an 
assumption that in order to determine the temperature under 
similar conditions, not only an accurately indicating pyrom- 
eter is necessary, but it is also necessary that the measure- 
ments should always be effected under practically equal con- 
ditions. By this equality of conditions, the author under- 
stands that the depth of immersion would be absolutely equal 
throughout and that the velocity of flow of the flue gases at 
the spot where the measurements are made would be also 
equal. He believes that if he were to place three pyrometers 
in the main flue in such a manner that they would be placed 
radially and come with their immersion terminals exactly inte 
the middle of the smokestack, there would probably be no 
difference whatever in their temperature indications. The 
fact that the difference in temperature between the main flue 
and the front chamber of the economizer is so great, he be- 
lieves to be due to the fact that the measurements were not 
made at the same velocity of flow of flue gases. The author 
believes, therefore, that all measurements of temperature 
“at entrance to the economizer” should be made at the spot 
where the gases pass through the main fine into the econo- 
mizer casing. 


STeaAM ENGINE FOR ROLLING MILL Drive, 
or 700 to 1000 H.p. (Gleichstrom-Walzenzugmaschine von 
700 bis 1000 PS, E. Zix. Zeits. des Vereines deutscher In- 
genieure, vol. 58, no. 40, p. 1429, October 3, 1914, 2 pp., 8 
figs. d). The straight flow steam engine, on account of its 
simplicity of construction, low steam consumption and, above 
all, its easy adaptation to fluetuation of load, has found a 
wide field of application for driving rolling mills where it is 
displacing the tandem engine more and more. The present 
article describes an engine delivered to a roiling mill plant 
some time ago by a German concern. This engine deserves 
particular attention on account of certain particulars of con- 
struction and a special test made on a 
It has (Fig. 4 A to C) 750 mm. (29.4 in.) 
bore and 900 mm. (35.4 in.) stroke. Its speed, which varies 
from 110 to 140 r.p.m., ean be easily adjusted to the re- 
quirements of the rolling mill during the operation, by 


jet condenser con- 
nected with it. 


REVIEW 


udding supplementary springs to the governor spring. At a 
steam pressure of 10 atmospheres and 130 r.p.m., the normal 
output is 700 and the maximum output 1000 indicated h.p.h. 
At a steam temperature of 300 deg. cent. (572 deg. fahr.) 
and at least 90 per cent vacuum in the connecting pipe a 
consumption of 4.5 kg. (9.9 Ib.) of steam per indicated h.p. 
is guaranteed. The cross head (Fig. D and E) is of in- 
terest on account of its easy demountability and at the same 
time fully reliable connection with the piston rod. The 
Stumpt valve gear which was used on the first engines has 
heen discarded on account of the lack of accessibility of the 
wxle governor and of its limiting the highest cut-off. 

At starting. the straight-flow rolling mill engine, to over 
come the considerable frictional resistance of the rolls, needs, 
in the absence of a vacuum, very large cut-offs, at least 50 
per cent, and on this account a maximum cut-off of 60 per 
cent was specified for these engines, which ean be obtained 
by the very simple valve gear shown in Fig. F driven by a 
lateral shatt. The valves are cast together with their sites 
and are separated from them only during the machining 
process. The adjusting gear and spindle of the governor 
run on ball-bearings. A jet condenser (Fig. G and H) is 
directly coupled with the steam piston rod and therefore 
works with very high piston speeds. The lower the con 
denser pressure, the more favorable are the results on the 
straight flow steam engine and, therefore, it is desirable to 
As 


very favorable experience has been had in this connection, 


have as high a vacuum as possible, at least 90 per cent. 


with condensers having no suction flaps, it appeared ad- 
visable to use them also in this case notwithstanding the high 
piston velocities resorted to. 

At first many dilliculties were encountered, and only after 
humerous experiments could this design be fully managed. 
The steam is condensed in a preliminary condenser which, 
on account of the space requirements, is placed 2100 mm. 
(say 82 in.) from the center line of the main condenser. 
The cold water flows into it under a head of 110 in. In 
order that no water may run over into the steam cylinder 
in case of a sudden removal of the load from the engine, the 
piping between the condenser and engine is made 10 meters 
high (32.8 ft.). At 
cent was obtained, the variations in the vacuum being from 
10 to 12 per cent. 


first a vacuum of only 65 to 80 per 


Certain leaks were discovered and elimi 
nated in the piping, without, however, producing any satis- 
factory results. The preliminary condenser stood about 500 
mm. (19 in.) below the main condenser. As the pipe be- 
tween the two was horizontal, it was thought that the mixture 
of air and water did not reach the suction chamber of the 
main condenser in proper time, and this led to locating the 
preliminary condenser at a higher level so that the mixture 
should flow into the suction chamber with a head 


terial improvement resulted. 


No ma- 
It appeared therefore that the 
cause of the trouble lay in the initial process occurring dur 
ing the flow of the water in the S-shaped pipe and the suction 
room, 

The water level gage was placed at the lower end of the 
S-pipe and it was found that in that pipe the water column 
varied quite considerably and irregularly, and further, that 
sometimes the water entirely filled the admission pipe lying 
immediately on the condenser. Therefore at certain posi- 
tions of the water in the S-pipe the admission of air to the 


suetion chamber of the pump was entirely eut off. It ap- 
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peared that this trouble might be obviated by providing the 
pipe R (Fig. H) with two suction valves so as to handle the 
air and water separately. Even that did not help entirely, 
however. The vacuum was made much better and rose up to 
90 per cent, but the variations in the vacuum still remained 


at the undesirably high level of 10 to 20 per cent, and fur 
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were laid at several places from the preliminary condenser 
taken to find 
out which of these cocks should be manipulated to produce 
It was found that 


to the main condenser and observations were 
a variation in the behavior of the pump. 
the nearer one approached the condenser, the better was the 


action of air and suetion. Finally, at the highest point in 
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ther, from time to time the pump developed a hard irregu- 
lar pounding which could be softened down only by admit- 
ting air on both sides of the pump. With the new arrange- 
ment, the great variations of the water level in the S-pipe 
continued and evidently spread as far as the pump chamber. 

As a last resort, it was decided to try the suction of air 
over the water level. Next, independent air suction cocks 


Srraicut Stream Enorne ror Drive 


D 


800 


the suction chamber a pipe, X, provided with a cock, was led 
in and the air suction taken therefrom. This had the desired 
result. The vacuum immediately improved and is main- 
tained now at from 90 to 95 per cent; the variation in the 
cent and the condenser 
runs quietly, as shown in the original article by indicator 
diagrams. It is quite likely that by a different arrangement 


vacuum comes down to only 1 per 
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of the constituent elements and by shifting the preliminary 
condenser closer to the main condenser, the difficulties de- 
seribed would have been eliminated. In the present case, 
however, it is interesting to know how an arrangement which 
apparently could have been expected to spoil the action of 
the mechanism, actually improved it. 


OperRATING Tests witH InpicaTors RecorpinGc Loap 
Meters (Betriebsversuche mit Leistungszdhlern und regis- 
trierenden Belastungsanzeigern, Bottcher, Dinglers polytech- 
nisches Journal, vol. 329, no, 40/41, p. 593, October 10, 1914, 
article not finished, de). 

The article deseribes the new type of Béttcher continuous 
load indicator and a test made with same. (Compare Th: 
Journal, April 1913, p. 711.) In addition to the indieator 
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versa. The recording drum e is provided with clockwork 
and in accordance with the original design makes one revolu- 
tion in 1, 12 or 24 hours. The mass pendulum begins to 
operate when the driving lever a makes small oscillations 
about any of its positions. ‘These oscillations are damped 
out by the mass pendulum in connection with the suspension 
springs and in this way kept away from the recording pen. 
Should the engine be free from such oscillations, the mass 
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Fic. 5 Boérrcner Loap INpicator ror Continuous Tests 


described previously, a new type has lately been developed, 
the purpose of which is to give practically the same kind of 
indications as is given by the ordinary registering watt- 
meter in electric plants. Such an apparatus is shown in 
Fig.5 A. The principle made use of in the apparatus is based 
en the tact that in the centrifugal governor the position of 
the governor sleeve regulates the operation of the engine, 
the lowest position giving the maximum admission and the 
highest position, minimum output or practically no load, 
each intermediate position corresponding to some output 
between these two extreme limits, or to a certain pressure of 
steam admission. The apparatus as shown in Fig. A con- 
sists, accordingly, of a balanced mass pendulum, c¢, sus- 
pended on two springs, b, and rotatable around the point s. 
This pendulum carries at d a recording pen, adjustable by 
means of the lever a. If the lever a is placed in its highest 
position, the recording pen is at its lowest point, and vice 


pendulum with its spring suspension can be replaced by a 
simple joint parallelogram. 

The connection between the governor and the engine is 
effected in the most simple manner by the arrangement 
shown in Fig. B. The position of the lever is adjusted for 
the machine standing still (lowest position) and for the no 
load run, with the admission-valve open as wide as possible 
{highest position), and then the stroke h, is determined for 
the point of application a, selected for driving the appa- 
ratus. The weight of the driving lever on which the rolls 
for the driving cord are fixed is determined in such a manner 
that the stroke h, at its full deflection of the rod a be equal 
to the stroke h,; the apparatus is then placed close to the 
engine in such a manner that the connecting cord m should 
have, as far as possible, no lateral motion, while the appa- 
ratus passes from its highest to the lowest position. Special 
arrangements are made only on account of the local condi- 
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tions, as when the cord has to be placed in an inclined posi- 
tion or with the possibility of lateral motion. 

lor the estimation of the diagrams obtained with this load 
indicator, it is essential to bear in mind that while the engine 
stands still the governor is in its lowest position. During 
stops, therefore, a line is drawn which coincides with the 
line of maximum output. Fig. C gives a typical diagram of 
operation of a steam engine with variable load. While dur- 
ing the period trom 8.30 to 9 and from 12 to 1 o'clock the 
engine did not operate, it ran betore 6 o'clock in the morn- 
ing and also after 6 o'clock in the evening. 

The author describes several tests made with this appa- 
ratus of which the following are outlined here: During the 
acceplance trials of a Diesel engine a considerable lack of 
regularity of operation had been observed. The test of the 
engines by means of a tachograph proved impossible on ac- 
count of lack of space. An ordinary speed indicator 
showed, however, variations in the speed of rotation up to 
15 per cent. With the load indicator described in this ar- 
ticle, which could be installed without interrupting the oper- 
ation of the engine, the diagram shown in Fig. D was ob- 
tained. The numbers at the bottom of the diagram indicate 
hours; the plans of the eurve show the lowest positions ot 
the governor, either standing still or at maximum output of 
the engine, while the lowest points of the eurve show the 
engime running at no load. The engine was started at 6.15, 
ran for a few minutes without load and then on lead up to 
6.40, during which time the governor, as well as the speed 
of the engine, showed considerable variation, notwithstanding 
the constant load. The abnormal variations in the diagram 
clearly show this lack of regularity. In order to eliminate 
the fault in the engine, it was stopped for 12 minutes; the 
result, however, was negative, as can be seen from the dia- 
eram. At 7.18 the engine was stopped again and all parts 
of the governor investigated. It was found that the lever 
whieh connected the governor with the crude oil pump 
jammed in one position. After this fault had been elimi- 
nated the engine ran at variable load without further trouble. 

The points on the load curve were very interesting where 
a second Diesel engine was switched in on the same trans- 
mission line. As the second engine was set for too small a 
speed of rotation, the first engine had to drag the second one 
after it, so that it was carrying an adidtional load to the 
extent of no-load on the second engine. The necessary ad- 
justment of the seeond engine was materially facilitated by 
the indications of the speed indicator. The article is not 
finished. 


New Patents iN tHe Fievp or Borer Firing (Neue 
Patente auf dem Gebiet der Dampfkesse Ifeuerung, Pradel, 
Zeits. fiir Dampfkessel und Maschinenbetrieb, vol. 37, no. 
42, p. 469, October 16, 1914, article not finished, d). 

The article. which is not vet finished, gives a brief ac- 
count of new patents granted in Germany for inventions in 
the field of boiler firing. The grate designed by Pellegrino 
Fratelli of Turin, Italy, shown in Figs. A, B and C, belongs 
to the elass of grates with bars having longitudinal freedom 
of motion and automatie advance of fuel. In the neighbor- 
hood of the charging hopper in the new grate, instead of 
former steps, the bars are equipped with parts, such as teeth, 
notches, ete., on each separate bar, in order to hold the lower 
layer of coal during firing. In this way the front limit of 
the firing zone is not allowed to shift too far back. As shown 
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in Figs. 6 A and B, the bars have a freedom of longitudinal 
motion in either direction in three groups, a, b and c. The 
bars of these groups are placed alternately side by side, and 
are located on cross-bars d, e and f of three driving frames, 
each of the frames being supplemented by a T-bar. In their 
turn, each of these bars is provided with cams, k, 1, m, the 
purpose ot which is to drive the frames and consequently the 
grate bars in the manner desired, from a driving shaft n. 
The bars in the proximity of the hopper are provided with a 
number of teeth, so as to maintain a uniform combustion 
over the entire surface of the grate. While the ordinary 
traveling grates with overlaid grate bars can move forward 
and backward, these two motions become impossible in the 
case of traveling grates with the bars rotatably located at one 
end and suspended at the other, since during the backward 
motion of the bars they would take a low position, providing 
they succeeded in passing under the scraper at o. 


Thermodynamics 


Speciric Hear c, or Air at 60 Dec. Cent. AND 1 TO. 200 
ATMOSPHERES Pressure (Die spezifische Wirme c, der Luft 


c 


d. f = 


A 


Fic. 6 Grate 


ber OO © und 1 bis 200 at., L. Hornborn and M. Jakob. 
Zeits, des Vereines deutscher Ingenicure, vol. 58, no. 40, p. 
1429, October 3, 1914, 8 pp., 16 figs. eA).- The numerous 
determinations of the specifie heat of air now available 
apply mainly to atmospheric pressure, while for higher pres- 
sures there are only a few. Regnault was the first to de- 
termine the relations between specific heat and pressure at 
average temperatures of from 100 to 60 deg. and pressures 
between 1 and 13 atmospheres, and he has established that 
the variation of the specific heat c, in this region does ‘jot 
exceed the error of observation (1 per cent or more). On 
the other hand, Lussana has found that when the region of 
experimentation has extended up to 160 atmospheres, specific 
heat rises rapidly with the pressure. CC. Linde has deter- 
mined the increase of specifie heat with pressure indirectly 
from the cooling at adiabatic throttling and found it to be 
much smaller than Lussana. The determination of this 
specifie heat from isothermals at low temperatures made by 
Witkowski has also given only a slight increase in the values 
of c, with the increase of pressure. In view of the fact that 
the data obtained in the few direct measurements of c, at 
high pressures and the indirect determinations of this mag- 
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uitude are in flat contradiction, the State Institution of 
Engineering Physies (Germany) has undertaken a new di- 
rect determination of c, at the average temperature ot 60 
deg. cent. and pressures from 100 to 200 atmospheres. As a 
method of test, the well known process of continuous flow 
was selected. The gas to be investigated flows in a uniform 
current of G kg. per hour, at constant pressure, through a 
calorimeter and is heated electrically, by supplying it with 
an amount ot heat Y calories per hour, from the temperature 
of admission ¢, to the temperature of exit ¢,.. If during this 
process V cal. per hour are lost, then the specific heat ¢ 
determined from the equation, 
o—F 
G(t,—t,) 


i 


1S 


Cp 


The loss } depends in this ease only upon the distribution 
If it 
is always maintained equal, but at different tests the gas is 
permitted to flow with different velocities, then the amount G 
varies and several equations are obtained from which the 
For 


the purpose of tests only large air currents can be used, as 


of temperature along the surtace of the calorimeter. 


two unknown quantities c, and Vo can be calculated. 
it is desired that too much influence should not be exerted 
by the conduction of heat in the pipes which, on account of 
high pressures used, must be made with tairly thick walls. 
At maximum the flow of air amounted to nearly 44 kg. 
(96.8 lb.) per hour. Should it be reduced to one-half or 
one-quarter of this value, as higher precision of measure- 
ment becomes desirable, then the same distribution of tem- 
perature along the surfaces of the calorimeter can be main- 
tained only if the pipe through which the flow oceurs be sur- 
rounded by a liquid which is maintained in constant circular 
tlow and service to equalize the temperature over ihe entire 
surface. In the present case, oil was used as such a liquid. 
The air entered with the temperature ¢, of about 20 deg. 
cent. the calorimeter and, through heat Q@ supplied by two 
electric heating bodies, was heated up to a temperature ¢, 

100 deg. cent. The oil was also maintained at this tempera- 
In order to make the loss 1’ small, the entire calorim- 
eter was surrounded by a jacket through which steam was 


ture. 
flowing. The air G, which was allowed to expand to at- 
mospheric pressure after the exit from the calorimeter, was 
measured by means of a gasometer. 


EXPERIMENTS ON 
STEAM 


NEW 
ATED 


THE “* UNDERCOOLING ” OF Satu- 
Our OF NOZZLES 
jiber die Unterkithlung beim Ausfluss gesdttigtem Dampfes, 
Prot. A. Stodola. Schweizerische Bauzeitung, vol. 64, no. 15, 
p 168, October 10, 1914, 3 pp. eA). 
gation the author found that when initially saturated steam 
fiows out of a nozzle or similarly acting appliance it re- 


FLOWING (Neue Versuche 


In a previous investi- 


inains almost perfectly undercooled during the expansion up 
to the smallest section of the device through which the exit 
of the steam is effected. In the case of a nozzle at certain 
limits of saturation there oceurs, immediately behind the 
smallest cross-section, a sudden increase of condensation 
which produces a rapid fall of undercooling. 

Sinee then two more tests have been conducted for the 
purpose of elucidating this particular phenomenon. As has 
been explained before, for the determination of the state of 
end cooling in any cross-section it is necessary to know the 
weight of steam flowing per second G, absolute pressure p, 
cross-section f, and velocity of flow w. If we limit our in- 


vestigation to the state in the end cross-section of a nozzle, 
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the velocity of steam can be determined in the best way by 
measuring the jet reaction, For this purpose the author 
ised the device suggested by Frederick and Kembel or that 
of Christlein, by means of which the reaction with the total 
capacity of about 10 kg. could be determined with an exact- 
ness of 5 gr. At the end of the nozzle, however, there may 
be a pressure above atmospheric about which no information 
is given by the reaction measurement, and the problem is 
raised of devising methods for the special measurement ot 
reaction at such a relation of pressures where the steam in 
the end cross-section expands exactly to the back pressure of 
the surrounding medium, For this purpose there was placed 
within 3 mm. from the end of the nozzle a brass tube with 
well rounded inward edges 1 mm. in diameter, and the pres- 
sure in it observed through a properly placed branch tube. 
The pressure at the end of the nozzle could then be calculated 
analytically with suflicient precision. If during the test this 
pressure be considered as back pressure, then the measure- 
ment of reaction would indicate the desired end velocity. 
The nozzles investigated were of conieal shape, and had at 
the inlet a curve of a radius equal to the diameter of the 
cross-section. 

The author has previously shown that the equation of eon- 
tinuity makes it necessary that the area of the end section 
be inversely proportional to the amount of undercooling. 
The data of the tests are given in Table I. The figures of 
Table A raise a question how it may happen that even with 
pertect condensation the actually available end section does 
not appear to be filled up. It is true that the amount lack- 
ing appears to be very small (1.8 to 2.3 per cent), but, eon- 
sidering the care taken in the measurements, it cannot be due 
te errors of observation. One might suppose that, while the 
steam is saturated, the particles of water are superheated, 
and that there is therefore no uniform temperature level 
throughout the end cross-section; but, in order that a con- 
tinuous state be maintained the temperature of the water 
‘irops, would have to be negative, or the end seetion would 
not be filled up. 


this phenomenon, therefore, and the author attempts to give 


There must be some other explanation of 


it in the following lines. 

He starts with the investigation of what he calls the real 
equation vf continuity. As a rule in engineering work, a 
uniform average state in a cross-section and an average veloc 
ity are presumed to exist. Actually, however, even in straight 
line flow only the pressure can be considered as veing sut- 
ficiently uniform; the velocity decreases from the center to 
the walls, while the specific volume increases in the same 
direction due to the greater heat of friction develcped in the 
reighborhood of the walls. Although, aecording 2o Prandtl, 
the main work of friction is developed within a thin layer 
close to the wall, while for the rest of the section a nearly 
adiabatic flow may be assumed, even the smallest lack of uni- 
formity affects the equation of continuity in a very notice- 
able manner, and thereby the state of the steam. The author 
proceeds to show this. To do it, he derives a series of equa- 
tions which show that, in the case of a “ two-dimensional ” 
flow the linear average value of the average velocity of flow 
does not agree with the square of the average value. Fur- 
ther, it is not correct to add the losses of flow te the average 
velocity of flow, but fortunately the error due to this fact 
does not exceed 1 per cent. The experimental work done 
appears to permit one to answer with a considerable degree 


of reliability the question as to the state of steam at the end 
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of the nozzle. It appears that the condensation at the end 
of the nozzle does not reach its theoretical value, but the 
undereooling is small, and inversely proportional to the 
amount of expansion. Further measurements could have 
permitted a precise formulation of the law, in accordance 
with which oceurs the decrease along the axis of the nozzle 
ot the almost perfect undercooling of the smallest section, 
but the outbreak of the European war forced the author to 
give this up for the time being. 


TABLE 1 TESTS ON UNDERCOOLING OF STEAM. DATA CONCERN- 
ING THE TEST INSTALLATION 


Nozzle 1 Nozzle 2 

Smallest diameter, mm in, 12 06 474 12.07) .475 
End diameter, mm in 70S 25 .12/.988 
Distance between the smallest and the end sec- 

tion, mm in 150 5 00 150 5 90 
Absolute initial pressure, pi kg /qem, Ib. per sq 

in 8 15,126 11.15/158.5 
Initial temperature, deg. cent. fahr. 174/345 2 197.5 387.5 
Absolute initial temperature, deg. cent 147 170.5 
Absoiute end pressure of expansion, pe kg qem, Ib 

per sq. in 1 082/15. 32 0 571/811 
Ratio of pressures, pi p 7.53 19.52 


Specific initial volume, me kg, cu. ft. per lb. m.. 0.2440/3.20 0 1872/2.9 


Weight of steam per second, G, kg Tb. 0.1351/0.2972 0 1809 0 3979 


Coefficient of outflow z in the formula G. , 2 O44 2.046 
Jet reaction P, kg paki 10.85 17 60 
Average steam velocity at nozzle end, m/sec, ft. 

per sec 787.7 /2582 954.5 3131 
Initial heat content, WE B.t.u per lb. 665.9/1198 675 51215 
Initial entropy 1 6046 1.5929 


A. Final state at normal expansion and theoretical condensation 


Absolute pressure, kg qem, lb. per sq. in.. 1.082 15.32 0 571/8.11 
Adiabatic heat content, WE B.t.u. per Ib 582 6/1048 550 72/994 
Adiabatic specific amount of steam. 0.8930 0 8615 
Adiabatic heat fall, WE B.t.u. per Ib... 83.28 150 118 3,213 
Loss in per cent of adiabatic fall, per cent.... 11.05 5.00 
Heat content of effective final state at theoretical 

condensation, WE B.t.u. per Ib 591.8 1065 566.5 1019 
Corresponding specific amount of steam 0.9101 0.8752 
End cross-section as per equation of continuity, 
qem sq. in. 2 498,0.385 4.842 0 740 
Actual end cross-s ection (cold) f qem sq. in 2 545, 0.3937 4.955, 0.767 
Difference in per cent, f —/ 1 S4 2.28 
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AMERICAN IRON AND STEEL INSTITUTE 


Birmingham Meeting (reported from Steel and Lron, vol. 4s, 
no. 44). 
Use of Turbines tor Various Purposes, F. G. Cutler (ab- 
stracted ) 
The Repair Department of the Modern Steel Plant, John 
Hulst 

Use or Tursines ror Various Purposes, F. G. Cutler 
(3 pp., 6 figs., de.). The paper describes the application 
ot turbo-driven equipment, at the Ensley Plant, of the 
Tennessee Coal, lron and Railroad Company. The author 
calls attention to the great reduction of power costs and 
savings effected by improvements in machinery, such as the 
installation of condensers on non-condensing units and im- 
provements in economy by the installation of apparatus of 
higher efficiency, such as low or mixed pressure turbines. 
At the Ensley Plant, 7 years ago, there were seven boiler 
houses and two electric power stations of a total rated 
vapacity of 1800 kw. and a third power station of 1800 kw. 
which had just been completed. All of the engines operated 
were non-condensing and no power was supplied to outside 
plants. Later, as a result of the installation of low pressure 


turbo-generators with condensers and cooling towers, and 
the installation of low pressure turbo-blowers with con- 
densers and cooling towers at the blast-furnace blowing 
engine house, two boiler plants could have been dismantled 
entirely, one is operated only occasionally and two more 
at the steel plant are operated only during the time that 
the mills are running. At the same time, electric power 
is supplied to several plants in the neighborhood and to a 
street railway line, the result of which is the shutting down 
of several boiler plants and the reduction in load of others. 
The saving in coal with the present equipment and methods 
of operating over the former practice is estimated to be at 
the rate of 200,000 tons per annum. In one of the power 
houses, three 3000 kw. generators are driven by mixed pres- 
sure turbines supplied with exhaust steam through five re- 
venerators. each 8 ft. in diameter by 51 {t. in length, from 
two 55 in. by 66 in, twin reversing engines. The capacity of 
these regenerators is suflicient to absorb the extreme fluctu- 
ations in the steam delivery without raising the back pres- 
sure on the engines over approximately 4 lb. At another 
power-house, three Corliss engines drive 600 kw. generators 
and one Corliss engine drives a 2000 kw. generator, the ex- 
haust of these reciprocating engines being connected with a 
3000 kw. mixed pressure turbine without the regenerator, 
which is here eliminated on account of the relatively steady 
load. The turbo-blower equipment is operated by two mixed 
pressure t 'rbo-blowers, each of 55,000 eu. ft. per minute 
capacity. One of these turbo-blowers was originally a high 
pressure turbine driven machine. Fairly complete steam 
consumption tests have been made, the principle data of 
which are given below. In these tests, the actual blast de- 
livery was taken at 307.5 eu. ft. per revolution, the inter- 
mediate h.p. being based on indicator card results. The 
steam consumption of 2.09 Ib. from 100 eu. ft. of actual 
blast corresponds to 18.5 lb. per indicated h.p.h. When 
operating non-condensing against a 2 lb. back pressure, the 
steam consumption per 100 cu, ft. of blast at 15 Ib. is about 
3 lb., corresponding to a gross saving of 30 per cent by con- 
densing these blower engines. 

The Tennessee Company was the first in this country to 
install turbo-blowers and exhausters in by-product work and 
probably the first anywhere to use them exclusively. There 
is a peculiar advantage in the use of turbo exhausters in the 
by-product service in that the centrifugal action of the 
blower throws out the small particles of tar fog carried with 
the gas, which almost eliminates the work required of the 
tar extractors located between the exhausters and the satura- 
tors. Of the total tar production of the plant, three per cent 
is recovered from the operation of the turbo exhausters. 
The speed and delivery of both exhausters and boosters is 
controlled by a float attached to the governor, the position 
of this float being determined by the suction pressure. 


AMERICAN SOCIETY OF CIVIL ENGINEERS 
Vol. 40, no. 8, October 1914. 
Fundamental Principles of Publie Utility Valuation, John 
W. Alvord 
The Valuation of Public Utility Property, J. H. Gandolfo 
Investigation of the Performance of a Reaction Turbine, R. 
L. Daugherty (abstracted) 
The Differential Surge Tank, Raymond D. Johnson 
Penstock and Surge-Tank Problems, Minton M. Warren 
INVESTIGATION OF THE PERFORMANCE OF A Reaction Tur- 
bINE, R. L. Daugherty (18 pp., 12 figs. eA). This article 
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describes a careful and accurate test of a 550 h.p. reaction 
turbine recently installed at Cornell University, in which, in 
addition to the regular load test at constant speed, the torque, 
head and discharge were measured at zero speed and read- 
ings were also taken of speed, head and discharge under no 
load so as to obtain, approximately, a complete character- 
istic curve for the turbine. 
at 550 h.p., at 600 r.p.m. 


runner 27 


The turbine selected was rated 
under a head of 142 ft., had a 
in. in diameter and was directly connected with 
a 450 kva., 2300 y., 3-phase 60-cycle alternator. The arti- 
cle describes in detail the method of estimating the head in 
a turbine test, which is a matter of agreement in any case. 
The rate of discharge was measured with a suppressed weir 
in the tail race and was computed by the modified Francis 
formula: 


q=333L( H+ "_\ 
29 


Where g = cu. ft. per second; L the length of erest, in ft.; 
H the head on weir, in ft., and v, the velocity of approach 
in ft. per second. It the velocity of approach is uniform 
over the entire cross-section of the channel, this formula is 
reasonably correct. In other cases, the actual velocity near 
the surface is much greater than the mean velocity, and then 
the effective velocity head is greater than that determined 
trom the mean velocity. In the test, runs were made under 
various loads at the constant speed of 600 r.p.m. The tur- 
bine was also held from rotating and the torque at various 
gate openings was measured by a system of levers and stand- 
ard weights. In addition, the turbine was permitted to turn 
at runaway speed, the only load on it being the friction and 
windage of the generator. In order to determine fully the 
characteristics of a turbine, however, it is necessary to test 
it a little above or below normal speed at various gate open- 
ings under several relations of speed to head. In the test 
under discussion, the head was throttled down by the gate 
valve to about two-thirds of its normal value and the load 
run was made under the regular speed of 600 r.p.m. Values 
of the ratio of speed to head were obtained higher than nor- 
mal. 

The relations between torque and speed or discharge and 
speed as shown by the curves in the article, are not a straight 
run but on a suitable scale may be represented as a fairly 
flat curve. From the curves showing the relation between the 
torque and speed or discharge and speed, the efficiency may 
be computed at any intermediate point and if these are the 
characteristics, curves may be constructed covering every 
possible condition under which the turbine may operate. The 
results are given in the form of tables and curves. 
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Journal, vol. 1, nos. 1 and 3, April and October 1914, 
Washington, D. C. 


April, 1914, No. 1 

U. S. Submarine Tender “ Fulton,” D. R. Battles 

Relation of Length and Displacement to Indicated Horse 
Power, F. P. Knowles 

Determination of the Sag of a Suspended Wire, L. H. 
Kenney (abstracted) 

October 1914, No. 3 

Designing Modern Marine Machinery, Luther D. Lovekin 

The Industrial Organization of Our Navy Yards, Elliott 
Snow 

Steam Pipe Velocities for Turbines, W. B. Robins (ab- 
stracted ) 
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EXPERIMENTS TO DETERMINE THE SAG OF A SUSPENDED 
Wire, L. H. Kenney (3 pp., 1 fig., i chart, ep). The article 
describes experiments made at the Philadelphia Navy Yard 
to determine the sag of a suspended wire. Their purpose 
was to determine the amount of correction necessary in the 
formula tor the sag of the wire and they deseribe in detail 
The main element was a narrow tank 
The ten- 
sile strength of the wire was first determined and the wire 


the apparatus used. 
about 170 ft. long, constructed for this purpose. 


was stressed during the experiment slightly below the elastic 
limit, so that it would not be stretched and so that no errors 
The standard level for 
the test was gaged from the water level in the tank and as 


would be introduced in this way. 


there was an evaporation loss which appreciably lowered 
the water level, provision for replenishing the water was 
made by placing three reservoirs along the sides of the 
tank. 
and the formula of the catenary was first applied to the re- 


The data obtained from the experiment were plotted 


sult, but it was found that the eurves did not conform to 


the formula. Then the formula of the parabola Y* — 2pr 
was applied and the curves were found to correspond to it, 
which was very fortunate since it was a comparatively sim- 
ple matter to compute the sag for any desired distance from 
either end of support. The article gives a graphic method 
for obtaining all deflections from one curve, as well as the 
curve of detlection of wire for alignment of shafting. 
SreaM Pire Vevocities ror Tursines, W. B. Robins (2 


pp., dp). 
for turbines with data of steam velocities in feet per min- 


The article gives data on steam pipe velocities 


ute on United States destroyers and battle ships: 


Steam Velocity in Feet 
per Minute 


Type of Per cent of Steam per 
Vessel full power S. H. P. per In branch In steam pipe 
hour from each to first tur- 
boiler in bine of series 
use in use 5 

T. B. Destroyer 100 14.7 5200 6090 
13.3 2560 O6S25 
11 26.6 2330 
T. B. Destroyer 100 12.5 7040 S245 
41 147 1490 11650 
Ss 21.5 4380 7375 
T. B. Destroyer 100 14.2 6025 6300 
| 14.7 4390 9925 
11 23.3 $305 7420 
T. B. Destroyer 100 14.2 5900 6165 
56 14.7 3390 10210 
11 23.0 $315 7330 
T. B. Destroyer 100 14.0 6215 6500 
53 13.8 $200 9690 
10 22.5 4510 7320 
T. B. Destroyer 100 14.1 5810 6075 
55 15.0 3320 | SS30 
12 22.5 2215 7550 
T. B. Destroyer 100 15.7 5740 6010 
53 16 7 $225 S575 
11 25.6 2110 7170 
Average at full power 14.2 5990 | OAS4 
Battleship 100 13.2 5740 6680 
. 52 14.2 3230 3760 
12 20.4 3890 1204 
Battleship 100 15.0 7200 5915 
63 15.3 4610 7570 
15 25.2 3605 5925 
Battleship 100 14.4 8350 6870 
66 15.1 5660 9300 
17 23.6 3370 7380 

6488 


Average at full power | 14.2 


7097 
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BRITISH ASSOCIATION 

Temperature Cycies Heat Enaines, Professor F. G. 
Coker and W. A. Seoble. The following abstract of the 
paper in Section G of the British Association in Australia 
has been taken from Gas and Oil Power, September 3, 1914, 
page 272, as copies of the original paper are not yet avail- 
able. 

Experimental investigations of the eyclical variations of 
heat-engines and heat-pumps have received much attention, 
and numerous methods and instruments have been devised 
to give records of their cyclical changes, such as those of 
pressure and volume of the working fluid, changes of angu- 
lar velocity of the crankshaft, and the like. Temperature 
changes in the working fluid may usually be inferred very 
aceurately trom the pressures recorded on an indicator dia- 
gram, since there is usually a definite relation between pres- 
sure and temperature of a vapor as, for example, in heat- 
engines using steam direct from a boiler without the inter- 
vention of a superheater. In other heat-engines, such as 
those using superheated fluids, and also those of the internal- 
combustion type, the temperature is more diflicult to deter- 
mine, and it becomes important to measure it directly. Plat- 
inum resistance thermometers and thermo-electric couples 
have been frequently employed for measuring eyelical 
changes of temperature in heat-engines, and a complete ree- 
ord trom point to point of a eycle may be obtained if the 
engine is working with absolute uniformity. As it is usu- 
ally impossible to prevent some amount of variation in the 
working of the engine while the measurements are in prog- 
ress, the resulting curve is a composite one, since each meas- 
urement corresponds to a different temperature. 

The possibility of obtaining an instantaneous automatic 
record with an Einthoven type of galvanometer, was consid- 
ered in our early experiments on the eyelical variations of 
temperature of the working fluid of a gas-engine, and in 
the walls of the eylinder, but the difficulties then appeared 
to be so great that a potentiometer balance method was used 
instead. Reeently, by the kindness of the Cambridge Scien- 
tifie Instrument Company, we have been able to make ex- 
periments with their latest form of short-period Einthoven 
galvanometer, and this has enabled us to obtain instantane- 
ous records ot the temperature-cycles of the working fluid 
of steam and gas-engines, and also the variations of tem- 
perature in the walls. Some of these photographie records 
are shown, and their detailed characteristics are considered 
in the paper. They confirm the general aceuracy of our 
former measurements on eyelical variations of temperature 
in a gas-engine cylinder, and also show some new features 
due to variations from stroke to stroke caused by misfires 
and the like. 


SEVENTH Report OF THE GaAsEOUS Explosions Com™mrr- 
TEE. The Seventh Gaseous Explosions Report presented by 
the Gaseous Explosion Committee of the British Association 
at its recent meeting in Australia is reported here from the 
Gas and Oil Power of September 3, 1913, page 274, as the 
official text of the report is not yet available. One of the 
problems requiring solution was the direct measurement of 
temperature of the working agent in the eylinder while the 
engine was running under ordinary working conditions. The 
diffieulty of making these measurements arises from the fact 
that during the explosion of the charge in the engine eyl- 
inder, the temperature is sometimes higher than that of the 
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melting point of the platinum coupling, which ean be put 
in the cylinder to make the measurement. Professors Cal- 
lendar and Dalby have devised a method shown in the article 
which enables direct observation of the suction temperature 
tc be made if the engine is working not only under normal 
conditions, but under special conditions. During the work, 
the richest possible mixture is used and the temperature 
reached at its closure is considerably higher than that oe- 
curring in practice. The main elements of this apparatus 
are a platinum thermometer exposed in the cylinder and 
connected with a Wheatstone bridge, and a galvanometer 
on which the indications are received; the cireuit is made by 
a contact maker on the crank shaft, when the crank passes 
through an assigned crank angle, and broken by the contact 
maker, when the crank passes through the second assigned 
crank angle, a little greater than the first, so that the thermo- 
metric measuring device is in operation during 5 deg., 10 
deg. and 15 deg., as the case may be. In this way, the time 
between the making and breaking may be adjusted with ae- 
curacy. The temperature is measured therefore during a 
particular crank angle determined by the setting of the con- 
tact maker. 

In this manner the mean temperature over the small crank 
angle can be measured at any point in the cycle, except only 
during the period of explosion when the thermometer is 
withdrawn from the cylinder. It is, however, generally de- 
sirable to measure the temperature at the point on the cyele 
where the rate of change of temperature is at a minimum. 
This point oecurs just after the closing of the suction valve. 
The great advantage of making the measurement at this 
point is that the thermometer is exposed to the incoming 
charge during the whole of the suction stroke, and there- 
tore the thermometer valve tends to assume the temperature 
ot the charge. Consequently, the temperature which the 
small wire is set to measure does not differ greatly from the 
temperature of the metal in which it is mounted, which 

Elsewhere, the 
rate of change of temperature is greater and the error of 


tends to mimimize the errors of measurement. 


measurement likely to be greater, owing to the lag of the 
thermometer. While, for example, on the expansion stroke, 
the temperature may vary as much as 150 deg. during the 
movement of the piston through one-tenth of the stroke, just 
after the closing of the suction valve the variation of the 
temperature during a similar part of the stroke is only about 
20 deg. 

From the temperature at one point in the ecyele, that at 
any other point may be calculated by using the charge itself 
as the thermometrie agent for which it is only necessary to 
take an indicator diagram at the time of measuring the 
temperature. To make this method give good results, how- 
ever, it is necessary to have accurate indicator diagrams 
from which to measure the pressure and volume, and this 
leads to the development of an optical indicator. 

The second method of measuring the temperature of the 
charge in the cylinder is by means of a couple and has been 
developed by Professor Coker and Mr. Seoble at the Tech- 
nical College in Finsbury. It was found that alloys of 
platinum, rhodium and iridium were able to withstand the 
temperature of explosion near the walls of the cylinder for 
some hours and often days. Any thermo-couples, 0.0005 to 
0.0008 in. thick, would do, provided the engine was not 
overloaded. The actual temperature measurement is then 
made by observing the change in the electro-motive force 
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produced in this couple by a change in temperature. The 
report describes a bridge which permits measuring with 
great accuracy the small changes in the electro-motive force 
produced by a couple of this kind. 

Measurements of suction temperature were made at the 
City and Guilds Engineering College on a Crossley gas 
engine with the cylinder 7 in. in diameter, 14 in. stroke and 
with the compression ratio of 4.8, the object of the experi- 
ment being to show how the suction temperature varies with 
jacket temperature and the mixture. 
The report also contains a diseussion of the first law of 


the speed, the 


thermodynamics and the quantity necessary to apply, to de- 
termine the heat lost and gained by the working charge dur- 
ing the change of state. The aim of the Committee was to 
ascertain the true value of the specifie heat at constant 
volume, Av, or in other words, to ascertain the relation be- 
tween the integral energy of the gas and minimum tempera- 
ture. 
equation for gases independently of the specific heat of the 
It applies to all positions of the set point 
in the PV diagram, providing the two following conditions 
are satisfied: viz., that there is no change in the density of 
the gases such as may be produced by some change in its 
chemical constitution, and further that the weight of the 
working agent during the change of state is constant. Pro- 
viding, therefore, that these conditions are not violated dur- 
ing the change of state, it is possible by means of the tem- 
perature corresponding to at least one position of the set 
point in the diagram, and the characteristic equation for 
gases, to calculate the temperature corresponding to any 
other position of the set point in the diagram. 


A relation was obtained expressing the characteristic 


gases concerned. 


CENTRAL RAILWAY CLUB 


Proceedings, vol. 22, no. 4, September 1917, New ork City. 


Locomotive Arcu Brick, George Wagstaff (24 pp., 6 figs. 
dp.). The article is devoted to the discussion of the locomo- 
tive arch brick. It takes up the whole subject from the clays 
used in the manufacture of the brick up to the formation 
of the arch brick, its moulding, drying and baking. 

It is estimated that there are at the present time in the 
United States and Canada, about 30,000 engines equipped 
with fire brick arches, the majority having tube supported 
arches; between 7,000 and 8,000 are stud supported arches; 
about 3,000 oil burners and a small number have the Gaines 
combustion chamber. The latter apparently has quite a 
promising future. 

The author discusses several questions often raised by lo- 
comotive engineers, such as the responsibility of the arches 
for the cinder banking on them; the space necessary between 
arch and flue sheet; the influence of arches on the leaks and 
ground bolts and the question of arch tubes. In the diseus- 
sion which follows, the question of cinder banking, espe- 
cially as affected by the design of the front end of the arch, 
has received a good deal of attention and data of tests of en- 
gines equipped with brick arches and those not so equipped, 
have been presented. 


FRANKLIN INSTITUTE 
Journal, vol. 178, no. 5, November 1914, Philadelphia, Pa. 


Internal Stresses in Heat-Treated Axles, H. V. Wille (ab- 
stracted ) 
Progress in Industrial Fellowships, Raymond F. Bacon 
INTERNAL STRESSES IN HEAT-TREATED H. V. Wille 
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(28 pp., 12 pp., et). 
ments conducted upon two 10 in. driving axles about 6 ft. 


The article describes a series of experi- 


long, for the purpose of determining the internal stresses 
in forgings after heat treatment. The axles were hollow 
bored with a 3 in. hole and were heated to 1500 deg. tahr., 
quenched in oil and then immediately removed to an anneal- 
ing furnace and annealed at 1200 deg. The object of the 
tests was to determine the magnitude of stresses in the axles 
lue to heat treatment. The axles were made of open hearth 
0.50 per cent carbon steel with 0.037 phosphorus and 0.038 
sulphur; elastic limit 54,000 Ib. and tensile strength 88,500 
lb. They were made from blooms of the same size and given 
Both 
were treated to the same temperature for quenching and 


the same reduction and number of heats in forging. 


‘(lrawing back and were held in the furnace the same length 
ol time tor these operations. Both were quenched in the 
same oil tank, the difference in treatment being the method 
of quenching, as one axle was lowered horizontally and the 
other vertically into the oil. Each axle was eut in half at 


the works of the manutacturer after heat treatment, one 
half being made into tensile test specimens and the other 
half reserved for these experiments. Strains were obtained 
by carefully measuring the specimens before and after their 
removal trom the axles. The stresses were calculated from 
the measured strains. ‘Two methods, (a) and (b), were used 
to obtain the strains. 

Method 


some vears ago by the U, 


Watertown arsenal 


Ss. A. Ordnance Department for 


(a). which was used at the 
the determination of strains in gun forging, is as follows: 
coneentrie rings were removed from the forgings and their 
diameters and thicknesses measured at several points before 
and after removal. From the diameters and thicknesses of 
the attached rings the mean diameter could be found and 
similarly atter removal from the axle their mean diameter 
is again found and trom the difference between these re 
sults, assuming that the rings remained circular, the strains 
and stresses were calculated. Generally, the mean diameters 
of the rings were found to be larger after removal than be- 
tore, but in a number of cases this was not true, indicating 
that 


shape which it was not possible to follow from the measure 


the ring did not remam circular but assumed some 


ments of diameters. 
Method (b): A length of 
specimens was made by means of a comparator, the measure 


measurement of changes in 
ment being done in this case by measuring the small changes 
in length by means of a microscope and the “ standard of 
comparison.” The measurement of a straight specimen un- 
der this method is as follows: specimens were laid out on a 
smoothly finished surface, and marks by means of a very 
fine seriber were made along the ends of a hardened steel 
seale of a definite length. 
slightly shorter than the steel scale and made of the same 
material as the specimen to be measured and shaped, was 
placed between the marks on the specimen. A microscope 
with Filar micrometer attachment was focused on the end of 
the specimen and the distance between each end of the stand- 


Then a standard of comparison, 


ard of comparison and the marks on the test piece was meas- 
In addition to the 
marks, perpendicularly to the axis of the specimen, a line 


ured before the specimen was cut off. 


was drawn parallel to the axis, there being also longitudinal 
marks on the ends of the standard of comparison whieh, in 
measuring, were placed on the longitudinal line of the speei- 
men in order to have it always in the same position with 
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The 


length measurement was repeated after the specimen was re- 


respect to the axis of the specimen to be measured. 
moved. The length of the standard of comparison must of 
course be the same in each measurement and for this reason 
the standard should be made of the same material as the bar 
to be measured in order to avoid complications due to ditfer- 
ences in temperature. The stresses in specimens are never 
distributed entirely symmetrically in the test specimens and 
this may cause the specimen to bend, in whieh ease the meas 
urement at the removal of the piece would not be entirely 
taken 


In the present expermment, however, bending was 


accurate unless means were to keep the specimen 
straiglit. 
noticed only in the longitudinal pieces cut from the iside of 
each axle where the results have been corrected tor this eon 
dition. 

The author deseribes in detail the process of the removal 
at 


specimens: the calibration of the Filar micrometer, and 


the calculation of strains. The results are given in the form 
ot tables and curves. The average of the strains caleulated 
show that in the ease of rings, stresses produced by hori- 
zontal immersion are invariably higher than those produced 
by vertical immersion, the difference being approximately 
10 te 15 per cent. In the ease of stresses in longitudinal 
specimens, the stresses produced in the axles by horizontal 


Humersion are considerably greater than those produced i 


Vertical immersion for compression, but very much less in 


tension. Further, with the vertically quenched axle, the 
stresses are maximum near the outside surface and near the 
surface of the center hole, and minimum half wav between 
these two points, while with the horizontal quenched axle, the 
stresses do not tend to rise to so high a maximum near the 
center hole. In regard to the internal stresses released in ra 
dial specimens, the plot shows that one side of the seetion 
of the axle immersed in quenching horizontally is in tension 
and the balance in compression whereas the stresses in the 
axle immersed vertically are compressive throughout the en 
tire section. 

In general, the author tound that the method (a) does not 
furnish the desired results. as only relative values of the 
mean stresses in concentme rings can be obtained and the 
difference in stresses in the various parts of the rings are 
not shown. The stress on different points of concentric rings 
is generally considerable and the influence of quenching in 
the vertically quenched axle is much greater than in the hori- 
zontally quenched axle. Heat treatment apparently has a 
much greater effect upon the vertically quenched than upon 
the horizontally quenched axle, the stresses being greater and 
apparently somewhat more evenly distributed in the former 
than in the latter. It is very possible and probable that the 


stresses are distributed more or less unsymmetrically 
throughout the length of the axle with respect to a plane 
perpendicular to the axis in the vertically quenched axle and 
with respect to the axis itself in the ease of the horizontally 
quenched axle. In order to investigate this, it would be nee- 
essary to take specimens from both ends and the middle of 


the axle. 
INSTITUTION OF MECHANICAL ENGINEERS 


Journal, No. 2, October 1914, London. 


The Discharge of Steam Through Nozzles, Dr. W. E. Fisher 
(abstracted ) 

The Theory of the Flow of Gases Through Nozzles, J. G. 
Stewart (will be abstracted in a future issue) 


Advance Paper E (read on October 16, 1914) 
Report of the Refrigeration Research Committee 
stracted ) 
Tut Discharce or Steam Throvucu Dr. William 
ki. Fisher (19 pp.. 11 figs. tel). 


second part of the paper on the discharge of steam through 


(ab- 


The present article is the 
nozzles. It deseribes experiments which had for their ob- 
jeet the measurement of the actual discharge trom nozzles 
when the supply pressure was kept constant and the back 
pressure varied. Slightly superheated steam was employed, 
very nearly constant im temperature. The article describes 
the arrangement of apparatus. The nozzles at the smallest 
section had the diameter of 14 in. The results are given 
i the form of curves showing the discharges measured, and 
tables viving the figures for the discharges and also for the 
The discharge became 
With divergent 
*) the discharge remained practically at its maxi- 


temperature of the steam supplied. 


less when hotter steam was used. nozzles 
(Fig. « “a 
mum value until the back pressure was increased to about 
WS of the supply pressure, or 172 lb. per sq. in. absolute. 


When the supply pressure was 110 Ib. per sq. in., the back 


Fic. 7 


Stream Nozz_es 


pressure Was raised to 0.9 of the supply pressure before the 


discharge fell away to any considerable extent. © Similar 


results were obtained with nozzle “6b” having a 1 in 10 


iaper outlet and abrupt imlet. The vertical discharge as 
Marks and Davis was 425 Ib. 


per hour, and this was almost exactly the measured value ob- 


caleulated trom the tables ot 


The coefficient of dis- 
With sharp edged 


and the eurves are somewhat irregular. 


tained when using the nozzle “ a.” 


charge was therefore unity. orifices 


In tests with nozzle “ d,” which had no wire edge, the dis- 
charge, as is usual with sharp edged orifices, varied con- 
tinuously with the back pressure, but there is a point at 
which the rate of variation of the discharge changes sud- 
denly. It seems fair to assume that this value of the back 
pressure is the critical or throat pressure, since there is no 
chance of the overexpansion and recompression which takes 
place in nozzles. In nozzles without diverging parts (“ ¢” and 
‘f”) the discharge was constant for low back pressure and 
began to fall away gradually at a certain point, but without 
With parallel part) 


the first lowering of the discharge took place at a pressure 


discontinuity. nozzle “e” (without 
of about 83 lb. per sq. in., or 0.48 of the supply pressure. 
With nozzle 


of change to rise to 100 Ib. per sq. in., or 0.58 of the supply 


“ f.” the short parallel portion caused the point 
pressure. It appears that even in this short length, steam 
recompression takes place. 

The above experiments indicate that the critical pressure 
is in all eases lower than the theoretical value which can be 
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raused by a steepening of the expansion line (on the pres- 
sure-volume diagram pressure) previous to the throat. The 
discharge coefficient has in no ease been found to be greater 
than unity, and even these discharges are surprisingly high 
tor the small size nozzles with consequent importance of 
skin friction and also the possibility of the stream having 
a true throat area smaller than the 
nozzle. 


least section of the 
Steepening of the expansion line corresponds to 
heat losses in the entry to the nozzle, but the observed fall 
in the eritical point can hardly be accounted for by heat 
conducted away by the nozzle, and if the lowering of the 
critical pressure below the theoretical value be explained 
by an inerease in the expansion index, it is the opinion of 
the author that some other physical cause for the disappear- 
ance of heat must be looked for. 


REPORT OF THE REFRIGERATION RESEARCH COMMITTEE (46 
pp., 16 figs, 3 sheets of charts. gA). The Committee con- 
sidered first what standard, if any, could be used for the 
practical rating of refrigerating machines. As a means of 
expressing the amount of refrigerating effect of which the 
machine is capable, under specified conditions such as occur 
in ordinary practice, two points are involved, viz., first, the 
unit in which refrigeration is to be measured and stated, and 
the temperatures between which a machine should, for the 
purpose of rating, be assumed to act; and second, the ques- 
tion as to what theoretical cycle of action should be adopted 
as a standard for comparison with the actual performance 
of a refrigerating machine, working under any conditions. 
as a means of judging how nearly the real action approaches 


the ideal. The following recommendations have been made: 


The standard for practical rating must be based on the 
amount of heat extracted per unit of time and the temper- 
atures between which the machine works as a heat pump, 
viz., the temperature of the source from which the heat is 
taken and the temperature at which the heat is discharged. 
It was recommended, first, that the refrigeration produced 
by a refrigerating machine be expressed in calories per 
second, which unit is equivalent to 342,860 B.t.u. per day of 
24 hours; second, that refrigeration may be stated for par- 
ticular or for standard conditions; third, that the standard 
conditions be defined as follows: the temperature limits to 
be steady; the temperature of the cooling water to range 
trom 15 deg. cent. (59 deg. fahr.) at inlet to 20 deg. cent. 
(68 deg. fahr.) at outlet, and the temperature of the brine 
range from 0 deg. cent. (32 deg. fahr.) to —5 deg. cent. (23 
deg. fahr); fourth, that the refrigeration produced under 
standard conditions be called the rated capacity of the ma- 
chine. In eases of cooling by direct expansion without the 
use of brine, the same method of rating will apply except 
that the conditions have to be modified by specifying for the 
lower limit of temperature that of the working substance 
itself; fifth, in the rating of the direct expansion refrigerat- 
ing machine, the temperature of the vapor in the evaporator 
be taken at —10 deg. cent. and the conditions in regard to 
the cooling water be the same as those laid down for the 
machines using brine. The temperature of —10 deg. cent. 
as a lower limit for the working substance harmonizes with 
the conditions which have been laid down for machines using 
brine and is also in accordance with the standard of tem- 
peratures adopted by the French Association on Refrigera- 
tion. 


In regard to the theoretical cycle of compression, main 
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attention is paid to the internal action of the working sub- 
stance and the temperatures to be considered are not those 
external to the machine but those of the substance itself at 
Various stages of the eyele. The theoretical performance in 
% Vapor compression machine using any assigned working 
substance assumes that adiabatie compression takes place 
between the constant pressure limits of suction and dis- 
These two pressures have to be known and also 
the temperature to which the working fluid may be cooled 
before passing the expansion valve. With these data, there 
will, for any working substance, be some particular degree 


charge. 


of dryness, giving the maximum coeflicient of perLormances 
in the ideal evcle. When the degree of dryness at the be- 
ginning of compression is determined, the temperature of 
superheating reached at the end of compression follows. 
The essential data, therefore, for determining the ideal evele 
are the suction and discharge pressures and the temperature 
upon the expansion valve. 

In order to secure the highest ideal ellicieney, the working 
substance should be cooled betore passing the expansion 
valve, to a temperature as nearly as possible equal toe that 
of the supply of cooling water, and in caleulating the ideal 
cycle of compression, it is proposed to take the temperature 
at which the cooling water is supphed as the temperature 
to which the working substance is supposed to be cooled be- 
fore passing the expansion valve. It is recommended, there- 
tore, first, that the ideal cycle to be adopted have a standard 
of compression with actual performance by the most efficient 
cycle employing adiabatic compression in which the pres- 
condensation are thie 


sures of suction and 


same as those 
which occur in the actual process of working and in which 
the substance before passing the expansion is cooled to a 
temperature equal to that at which, in the actual process, 
the cooling water is supplied; second, that the pressures o! 
suction and condensation reterred to in the preeeding recom- 
mendation for the actual process of working are to be the 
pressures measured just after and just before the substance 
passes the expansion valve. The committee does not cor 
sider it advisable to complicate the use of a standard cycle 
of compression by specifying an ideal evele tor the opera- 
tion of refrigerating machines with compound action, Le.. 
those in which the compression or expansion takes place in 
It was thought better that 
actual machine employing such a compound process for the 
purpose of giving augmented efliciency should still have its 
performance compared with that of an ideal machine using 
the standard eyele. 


two stages respectively. any 


The committee proposes to use the ratio of relative etl 


cieney —", where 


1 
found by dividing the heat taken in by the work expanded 
in the standard cycle and C, is the coefficient of aetual per- 
tormanee found by dividing the refrigerating effect actually 
produced by the work expanded in driving the compressor 
in the real performance of the machine. 


is the coeflicient of ideal performance 


It was found by 
direct measurement of the refrigerating effect produced in 
the actual work and all the work expanded, that the work 
may be reckoned either as the indicated work done in the 
compressor or as the total work required to drive it. It is 
important in all systems of actual performance to state 
clearly which of the two methods of reckoning the work was 
employed and, when practicable, both the indicated work 
and the total work to be given, stating the results of these. 
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The report proceeds to the diseussion of the use of the 
vacuum I (heat contained or enthalpy) for the expansion 
of the state of substance at any pressure and temperature, 
and appends enthropy, enthalpy through for carbonic acid, 
with Dr. Mollier’s figures, or British units of pressure and 
some additions based on the recent researches of Professor 
Jenkins and Mr. Pye. This is followed by bibliographical 
reterences to vapor available on various substances used in 
refrigeration. And in conelusion, the committee recom 
mends that the council of the Institution of Mechanical En 
gineers should consider the desirability of authorizing them 
to carry out experimental researches with the objeet of sup- 
plying such data as are not now available regarding the 
physical properties of the substances used in refrigeration. 


IRON AND_STEEL INSTITUTE 
Advance copy, autumn section 1914 

Tie Transverse TestinG or Cast Iron, George Hail- 
stone (11 pp., 4 figs., ec.). The article is written with the 
idea of suggesting the type of cast iron test bar that should 
be used to obtain the most reliable and constant results with 
breaking load and deflection. At present, the contractor is 
often given an option in the specification of the test bar to 
be casted, viz. the bar 2 in * 1 in. section tested on 36 in. 
centers, or the 1 in. square bar tested on 12 in. centers. The 
load and detlection for each size of bar is usually stated in 
such cases, and it is often found that the 1 in. square bar 
tested on 12 in. centers is required to stand three-quarters 
of the load of the 2 in. X 1 in. seetion bar tested on 36 in. 
centers. The author has made a series of tests on a spe- 
cially constructed testing machine, the results of which did 
not appear to bear out this relation. Complete data of these 
tests are given in tables. Indeed, the author found that the 
actual relation between the two English standard test bars 
is not 1.333 as is usually assumed, but varies only from 1.142 
to 1.162 in the whole series. 

To ascertain whether the skin on the test bar influences 
this ratio, the author made another series of tests with the 
bars fettled in the ordinary manner. The ratio between the 
two kinds of test bars was then again found to vary only 
from 1.154 to 1.166, or in the mean 1.146. The author comes 
to the conclusion that the best standard east iron bar to give 
the most reliable and comparable results both in breaking 
load and deflection, is the one east 244 by 11x in. in section 
42 in. long, machined out to 2 in. by 1 in. in section and 
tested on 36 in. centers. The rate of testing should not ex- 
ceed a load of 1 ewt. (112 pounds) in less than 15 seeonds. 


SCHOOL OF MINES 
Quarterly, vol. 35, no. 3, April 1914, New York City. 
Physical Properties of Steel and Cast-Iron Bars Broken at 
Different Temperatures, Harold Perrine and C. B. 
Spencer (abstracted) 
Safe Eeeentric Loading of Rivets, Joseph di Stasio 
PuysicaL Properties or Steen anp Cast Tron Bars 
Broken at Dirrerent Temperatures, Harold Perrine and 
C. B. Spencer (19 pp., 19 plates, he). The article presents 
tests on structural metals at the temperatures which are 
often encountered in engineering practice. It gives a survey 
of previous investigations such as those of a committee of 
the Franklin Institute of Philadelphia, of tests made in 
Portsmouth dock yards, and those of Dr. Julius Kollmann, 
E. Howard, Fairbairn, Prof. M. Rudeloff, and Bregowsky and 
Spring of the laboratory of the Crane Company of Chicago. 


The present investigations were carried on in the Mate- 
rials Testing Laboratories of Columbia University, New 
York City, on apparatus designed by Prof. Ira H. Wool- 
son. The unusual form of Rhielé testing machine of 100,000 
lb. capacity was used, and the furnace to give the tempera- 
ture desired was set up right in the machine. It consisted 
of a porcelain tube 1 ft. long and 2 in. in diameter inside, 
with about 25 ft. of platinum wire at 14 in. pitch coiled 
around it. Fuller’s earth was packed about the wire and the 
whole was covered with steam pipe lagging so that the en 
tire furnace was in the form of a hollow eylinder. The 
temperature of the furnace was maintained by passing a 
current through the platinum wire and controlled quite etfee 
tively by a variable resistance placed in series with the line. 
permitting it being kept constant for an indefinite period. 
The temperature was read by a thermo-electric couple placed 
within the bar. 

The article describes in detail the method of carrying on 
the experiment. The materials tested were two grades of 
lsessemer steel, cast iron and cast steel. The results of the 
tests are presented in the form of a table and a number ot 
curves. In the case of the Bessemer steel in both grades 
(carbon 0.39 per cent and 0,23 per cent), the ultimate 
strength rose until a temperature of about 500 deg. fahr. 
above room temperature was reached and then it went down 
fairly rapidly. The elongation decreased until a tempera 
ture of about 400 deg. fahr. was reached and then it started 
to increase with a fair uniformity. The reduction of area 
in the ease of the higher carbon Bessemer steel decreases 
until 500 deg. is reached, and in the ease of the lower car- 
bon steel, until 400 deg. fahr., then it started to rise in both 
cases. With cast iron a great deal of diflieulty was experi 
enced in obtaining any uniformity and it appears that the 
results, while accurate so far as they go, do not embrace a 
sufficient number of tests to determine adequately the 
strength of such an erratic material. The same applies to 
a certain extent, to the case of cast steel where the number 
of bars tested was insuflicient. The curves tend to confirm 
the well-known explanation of the behavior of the metals 
under heat given by C. R. Roelker (Journal of the Frank. 
lin Institute, October 1881). Here again, it was found that 
the more fibrous the character of the metal, the greater is 
the action of heat in increasing its strength. The strength 
of the material is directly dependent upon the respective co- 
hesion existing between its component molecules. and as 
each metal or alloy has its own definite properties and 
curves, this cohesion is affected by changes in temperature. 
Internal stresses control to a greater or less extent the shape 
of the eurve for any particular metal alloy. 


ST. LOUIS RAILWAY CLUB 


Vol. 19, no. 6, October 9, 1914. St. Louis, Mo. 


Tue Mopern Tuse ror Locomotive Service, P. J. Con 
rath (12 pp., 5 figs.. gd.). The article contains a brief his- 
torical account and general discussion of the manufacture 
and properties of tubes for locomotive service. The author 
calls attention to the fact that soft basie open hearth steel 
tubes withstand the treatment encountered in the process 
of expanding into the flue sheet better than charcoal iron. 
The recent application of butt welding to safe ending has 
the important advantage that the metal away from the weld 
is not so readily overheated. In tests at the laboratories of 
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the Norfolk & Western Railway shops, it was found that 
electric butt welds have 90 per cent of the strength of the 
material itself. In regard to the durability of the flue 
sheet, some of the records are remarkable—for example, on 
the Lehigh Valley Railroad, an engine in fast passenger 
service, pulling an average 450 ton train, ran a distance of 
245,675 miles in 28 months on one set of lap welded “ Spel- 
lerized ” steel tubes. 
tion about the 


The author also gives some intorma- 
rolled seamless tubes 
which appear to be more durable than cold rolled tubes. He 
explains this fact by mentioning that the hot method will 
oxidize in the air, which is beneficial to the material; for 
while the tubes are passing from one roll to the other, hot. 
they are coated with oxide, which is worked into the surtiace 
of the metal by the rolls and forms a protection to the tubes, 
whereas when tubes are drawn cold, all of this oxide is re- 
moved while drawing through the die and the protective 
layer is thus eliminated. 


manufacture of hot 
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AUTOGENEOUS WELDING, PROCESS OF KELLER & KNAPPICH 
Company (Die autogene Schweissung nach dem Verfahren 
von Keller & Knappich, Rauch und Staub, vol. 4, no. 10, 
p. 158, July 1914, 2 pp., 2 figs. d.). 
a portable welding apparatus designed mainly for use on re- 


The article describes 
pair and installation work. The whole plant can be placed 
on a ear and thus be easily portable. It consists essentially 
of an acetylene apparatus, water tank, steel tank with oxy- 
From the illus- 
tration, it appears to be fairly compact and simple. 


ven, aud oxygen pressure reducing valve. 

Articles are classified as ¢ comparative; d descriptive; 
experimental; g general; historical; m mathematical; 
a practical ; s statistical; ¢ theoretical. Articles of exeep 


merit are rated Opinions ex 
pressed are those of the reviewer, not of the Society. The 


Editor will be pleased to receive inquiries for further infor- 


tional lL by the reviewer. 
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STUDENT BRANCHES 


ARMOUR INSTITUTE OF TECHNOLOGY 

Joseph Harrington addressed the Armour Student Branch 
on December 3, 1913, taking as his subject ‘The Practical 
Application of the Theory of Furnace Efficiency. He dwelt 
in detail on each phase that makes tor maximum elliciency, 
and touched on many points of interest to those present. 

COLUMBIA UNIVERSITY 

On December 5, W. T. Price, Jun.Am.Soe.M.E., gave an 
illustrated lecture on The Development of the Oil Engine 
States before the Student Branch at Colum- 
bia Unis Ile treated the design of large and small 
engines, and slowed why some of the very successful small 
engines could not be built in large 
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lle discussed also 
the Diesel engine, widely used in Europe and comparatively 
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new this country. Ile closed with comparative figures 
upon the cost of purchased electric power and that obtained 
with the oil engine, which comparison favored the latter. 


CORNELL UNIVERSITY 
“aon i of the Sibley College Student Branch held 

Decouibe Col D. Meier told 

thie trip to Germany made by the Society last 

lie spoke also of the most recent developments of 


brieily of some of the 


ihe [hesel engine, particularly as used in locomotives. He 
saul arrangements were being pertected to have a 
engiied sinp open for inspection in New York very shortly. 
Phe next aay he spoke to about two hundred members of the 
Senior class, repeating some of his talk of the previous even- 
ma, ae gy a diseussion of the ethies of the engineering pro 
ess 
PENNSYLVANIA STATE COLLEGE 
The Pennsylvania State College Student Branch held its 


November 19. The 
Ilall on Boiler Seale and the 
from Boiler Tubes; and A. L. 
. constituting the results of tests conducted 


isetts 


monthly meeting on 
talks by H. G. 
Apphia ces Tol 


ilar program 

consisted ol 

removing it 
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stitute of Technology. 


PURDUE UNIVERSITY 


A. Young, Mem.Am.Soc.M.E.., 
meeting of the Lakayette-Indianapolis 
American Institute of Electrical Engineers 
and the Purdue University Student Section of this Society, 
choosing tor his subjeet A Comparison of Engineering in 
Germany and America. In reality his talk was an account 
of lus trip abroad last summer with the Society: he told of 
the voyage across, Visits to the various universities and his 
unpressions of German engineers and engineering. 

The December {th meeting was addressed by A. R. Noth- 
ingham, instructor in thermodynamics, who discussed his 
work with Professors Carpenter and Thomas, both Members 
of the Society, in the determination of C, for superheated 
steam. Ile compared the elaborate apparatus used at Cor- 
nell University with that used by Knoblauch and Jacobi in 
Germany. and described the diflieulty of drying the steam 
thoroughly. He described further the tests made to deter- 


mine the cooling curves of superheated steam. 


‘) November 25, Gilbert 
Joint 
Bran ol the 


STATE UNIVERSITY OF IOWA 


At a meeting held on December 2 of the State University 
of lowa Student Branch, F. A. Richards gave a talk on the 
Locomobile. The main facets and data referred to were ob- 
tained from several of the recent engineering periodicals 
and ineluded a deseription of the locomobile, its history, de- 
velopment and efficiency. A comparison of the amount of 


coal used in the locomobile per indicated horsepower with 
the amount used in the ordinary power plants of today con- 
cluded the lecture. 
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STATE UNIVERSITY OF 


G. B. Wurst, local forecaster for the United States 
Weather Bureau Department, addressed the Student Branch 
of the State University of Kentucky on November 13. — In 
his introduction Mr. Wurst pointed out clearly and forcibly 
the advantages an engineer possessed who had a knowledge 
of the and effects of weather conditions. After a 
briet description of the apparatus for obtaining weather data 
and the principles underlying the laying out of weather 
maps, the members were invited to inspect the various in- 
struments and to note especially the accuracy 
their construction. The electrical 
found to be ot particular interest. 


KENTUCKY 


Causes 


required in 


reco! ding devices were 


STEVENS INSTITUTE OF TECHNOLOGY 

The entire student body and many of the faculty attended 
the meeting of the Stevens Engineering Society held Novem- 
ber 25. Calvin W. Rice, Secretary ot the Society, told of 
the reception the Society had while in Germany last sum- 
mer as the guest of the Verein deutscher Ingenieure. 
The speaker of the evening, Miller Reese Hutchinson, 
Mem.Am.Soc.M.E., was then introduced by Alex. C. Hum- 
phreys, Past-President of the Society, and he chose for his 
topic the Products of the Edison Laboratory. 

SYRACUSE UNIVERSITY 

The Syracuse University Student Branch has adopted the 
policy of having each member of the society prepare a short 
paper on some topie with which he is familiar, and inaugu- 
rated the plan at its meeting of December 5, when C. C. 
Keesler gave a paper on Etliciency as Applied to Shop 
Methods. He three 


discussed obtaining this 
summary of the 


these lines. 


methods ol 
gave a briet 
Mr. Taylor along 


conelusion 


and in 
methods employed by 


UNIVERSITY OF CALIFORNIA 


A meeting of the University of California Student 
was held December 2 and three papers were read as tollows: 
Manufacture of trom Petroleum as practised in Cali- 
fornia, W. W. Penniman; Manutacture of Water Gas as 
practised in New York, R. S. Tom; High-Pressure Fire 
System of San Francisco, C. A. Rosen. 


Branch 


(ias 


UNIVERSITY OF KANSAS 


The University of Kansas Student Branch held a meeting 
on December }, The papers were on the Ss ibjects ol The 
Los Angeles Water Supply Aqueduct, by W. J. Maleolm- 
son; and the Use of Nitrogen-Filled Incandescent Lights, by 
John Hartman. 

UNIVERSITY OF MAINE 

IF. B. Slocum of the Continental Iron Works, Brooklyn, 
N. Y., spoke before the University of Maine Student Branch, 
November 25, on Internal Furnace Boilers. The aut!or 
treated the development of this type of boiler and enurier- 
ated its advantages over the externally fired boiler; he zave 
also a detailed account of the Morrison Suspension Furnace. 
In part he said the internally fired boiler was used altogether 
on shipboard and was becoming recognized as better than 
externally fired boilers on land, owing to the fact that a 
brick setting was not required. These settings were a source 
of much trouble eracks formed in them which 
allowed air leakage and the results were therefore inefficient. 
In 30,000 internally fired boilers in use in this country there 
was not a single record of a fatal explosion. This was due 
largely to the fact that the flames did not come in direct con- 
tact with the boiler shell. The firebox and ashpit were en- 
tirely surrounded by water, thus preventing the furnace 
from burning out. The Morrison Suspension Furnace was 
developed for internal furnace boilers especially. It 
built of corrugated steel set into the boiler. Such a furnace 
was stronger than a plain one, and had an added advantage: 
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as the water heated, the top of the furnace expanded and 
contracted, and any seale that might be formed was loosened 
and removed by the movement of the water in the boiler. 

Mr. Slocum also spoke of the construction in the Conti- 
nental works of the famous Monitor and many other * iron- 
clads.” 


UNIVERSITY OF MISSOURI 


The University of Missouri Student Branch held a meet- 
ing on November 17 and Sidney Levy was the speaker of 
the evening. His talk was on Some of the Good and Bad 
Points of the Present Automobile. 


UNIVERSITY OF NEBRASKA 
Prof. H. H. Norris of Cornell University spoke before a 
special meeting of the University of Nebraska Student 
Branch, December 2, on the subject of Prime Movers. His 
talk was intensely interesting to those present for he de- 
scribed several of the large installations in the East which 
he had personally witnessed. 


UNIVERSITY OF WISCONSIN 

On December 4, the University of Wisconsin Student 
$ranch held a meeting when C. D. Sperry gave a talk on a 
New Type of Car to be driven by Magnetic Propulsion. The 
car was designed to replace the carriages used in pneumatic 
tubes. L. V. Cowin outlined the development of different 
types of speedometers and tachometers now being manufac- 
tured. 


EMPLOYMENT BULLETIN 


The Society considers it a special obligation and pleasant duty to 
be the medium of securing positions for its members. The Secretary 
gives this his personal attention and is pleased to receive requests 
both for positions and for men. Notices are not repeated except upon 
special request. Names and records, however, are kept on the offic: 
list three months, and if desired must be renewed at the end of such 
period. Copy for the Bulletin must be in hand before the 12th of 
the month. The published list of “* men available’ is made up from 
members of the Society. Further information will be sent upon 
application. 


POSITIONS AVAILABLE 


1120 Mechanical engineer, who has had practical experi- 
ence in power plant work and construction, to take charge of 
approving and checking field drawings for the installation 
of Taylor stokers. Salary to start $1500 to $1800. 

1203 Thorough mechanic familiar with both alternating 
and direct-current practice, capable of taking responsible 
charge of the repair shere, water and steam power equip- 
ment, of a large textile plant situated in Connecticut. Posi- 
tion would be that of assistant to the master mechanic, and 
to the right man would eventually lead to position of master 
mechanic. State age, experience, references and compensa- 
tion expected. Apply through the Society. 

1206 A man with some manufacturing experience and 
familiar with sales work, to take charge of an office in a 
manufacturing concern just outside of New York City. Pos- 
sibilities good and position offers an excellent opportunity 
to the right man. Desire technically trained man about 30 
to 35 years of age. 

1209 Company building line of high-grade centrifugal 
pumps is about to open sales agencies on a commission basis 
in principal cities of the United States and Canada. Com- 
munications invited from sales engineers who are open fur 
such a proposition. Apply through the Society. 

1220 Cost man for an electrical apparatus manufactur- 
ing company in Albany; should have at least three or four 
years’ experience in cost work. 

1221 Cost man for moving picture machine concern in 
New York; prefer man with two or three years’ experience 
in cost work. 

1223 Member holding patents on dispensing device and 
carbonating machine, desires to come in contact with manu- 
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facturing concern that will place these patents on the mar- 
ket; the inventions are original and highly thought of by 
engineers. Apply through the Society. 

1224 Two draftsmen, design of construction dump ears. 
Salary $15 to $18 a week. 

1225 One or two draftsmen wanted; experienced men not 
filled with inventive ideas but capable of serving as “ gang 
bosses ” in drafting room. Experience in engine work, par- 
ticularly internal combustion engines. Apply through the 
Society. 


MEN AVAILABLE 


1 Member; age 35; technical graduate; successful record 
of 13 years as engineer and manager; has had entire charge 
of design and construction of large industrial plants, and 
reorganization. Good manager and systematizer; wants 
position near New York. Can show record of work done. 

2 Junior Member; age 25; graduate mechanical engineer, 
experienced as factory inspector; desires position with 
chanee for advancement; can give best of references; at 
present employed. 

3 Member; mechanical engineer; graduate Massacliusetts 
institute of Technology; now holding position as engineer 
and factory manager, desires change to position o! 
opportunities; 14 years’ experience in automobile industry. 
successfully holding positions as designing engineer on 
pleasure cars and trucks, and various factory positions up to 
and ineluding factory manager, employing 1500 men; good 
executive, with ability to reduce cost in design and manutac 
ture. 


vrreatel 


t Member; mechanical engineer of large experience on 
various machinery and machine tools; would like to make 
arrangement with reputable concern as engineering or sales 
representative; 20 years’ practical experience, 
shop, designer, and engineer. 


salesman, 


5 Member; position as works manager or general super 
intendent; experienced in manufacturing shoe machinery, 
typewriters, firearms, and automobiles; familiar with the 
latest methods of scientific management and fully competent 
to organize all departments where increased production at 
a reduced cost is the chief object. 

6 Junior Member; age 34; technical graduate: 15 vears’ 
experience as machinist, draftsman, erecting and operating 
engineer with firms building and operating steam 
engines, and pymping machinery; desires position in shop 
or drawing room. 


vas, 


7 Junior Member; graduate Ohio State University; five 
years’ experience with large firms in design, erection, and 
operation of steam-power plants; experienced in design ot 
structural work and refrigeration; desires permanent con 
nection with firm making a specialty of design and construc 
tion of industrial plants; age 28; married. 

8 Member since 1882; graduate of the machine shop and 
engine room and up to $6000 salary; 15 years’ ®xperience 
as engineer and sales office manager; thoroughly informed on 
steam prime movers and steam appliances. Getting too old 
for construction work and great responsibility and would 
like position in sales office in New York City where services 
can be used to advantage. 

9 Member; desires position as works manager, superin- 
tendent, or engineer; competent to organize all departments 
of manufacturing plant along modern lines; expert on de- 
veloping new inventions; long experience; best references. 

10 Member; mechanical engineer; at present engaged; 
desires position as manager, superintendent, or special or- 
ganizer. Thoroughly practical mechanic with good technical 
education; good executive, organizer, and production or in- 
dustrial engineer; splendid experience with good results; 
thoroughly conversant with and experienced in best prin- 
ciples and methods of efficient management; good common 
sense; good judgment. 


11 Graduate mechanical engineer, age 27, married; three 
years’ experience with large construction firm, three years’ 
experience in mechanical and engineering departments of 
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large industrial plant. Desires to locate in East. At 


ent employed. 


pres- 


12) ‘Technical mechanical engineer; 13 years’ experience 
operating large plauts, advertising 
assistant 


en 


manager, sales engineer, 
larve 
work; would like New York ageney 
lor progressive company with well paying mechanical line; 
or developing, manulacturing and selling meritorious me- 
chanical line; or would consider taking an interest in an 
existing firm or forming a new firm of either consulting or 


inmanager and general manager ol companies 


colitracting engineers. 

Ls Member: cons ilting engineer, desires the representa 
tion of first-class firms tor the District of Columbia. 

14 Member; graduate mechanical engineer with wide ex 
perience in gas and oil engine design, thoroughly acquainted 
with latest practice, is prepared to introduce complete line 
of Diesel oil engines ot 
factured at a low 
tion, preferably on a 
Manulacturing 


merit, Which can be manu 
Applicant desires to make connee 
partnership basis, with 
concern or party willing to take up 


oil et vines on broad business policies, 


proven 
cost. 
respo sible 
manu- 


lacture of 


> Member; age 42; desires position as assistant man 
ager or general superintendent; practical mechanic; wide ex 


perience in office, stores, and shop in the manufacture ot 


Internal-combustion engines, statior ary at d tractor, marine 
engines, pumps, mining machinery, steam and locomotive 
work, erect 


ana 


and 
s, steam, electric, pneumatic and hydraulic 


electrical design 
building 
power plants. 

16 Member; having duties 
him to Paris, will assume additional duties of an e1 


apparacus 
boundary 
Competent to assume full charge. 

mechanical engineer; ealling 
rineering 


wishing to avail 
a representative in France during 


or commercial nature for any one them 


selves of the services ot 
February and March. 

17 Associate-Member; graduate mechanical engineering 
from Cornell, having seven years’ experience in the design, 
operation, and large steam powel 
stations, desires position that offers a promising tuture. At 
present employed. 

18 Member; technical graduate, 31 
sires position as works manager, mechanical superinte 
or eflicieney expert with company ol consulting engineers o1 
large manufacturing corporation: extensive training and 
experience in central power station work, designing, pur- 
chasing, superintending construction and operating depart- 
ments; consulting engineering work on large properties; 
power production investigations; reduction; experi- 
enced in mill and reinforced construction work; 
at present employed and desires a change for advancement. 


construction, testing ol 


vears ol 


eost 


conerete 


19 Mechanieal engineer, technical graduate, married, de 
sires a position as master mechanic's assistant; experienced 
in design, installation, inspection, repair, and other gen- 
eral mechanical work with a very large industrial coneern; 
a good executive and manager of men; at present employed, 
but desires similar position with better opportunities. Loea- 
tion immaterial. 

20) Associate member; age 39; technical graduate of 
high grade institution, wishes exeeutive or administrative 
position of responsibility; now employed in charge of con- 
struction work; wide practical experience has included me- 
chanical and electrical shop work, drafting, and design. 
Responsible charge of various classes of construction work 
in conerete, steel, brick, ete., correspondence, reports, pur- 
chasing, ete. 

21 Member; wishes to connect with some reliable firm 
with a high standing, where the services of a high grade 
executive and engineer are needed to increase production 
by systematizing general shop practice and the design of 
up to date tools, ete. A practical and technical man well 
versed in interchangeable manufacturing, including die east- 
ing practice and automatic machinery of every description. 

22 Chief-engineer, works manager, designer, wide ex- 
perience in iron works, charge of production development 
and standardization of manufacturing; methods and effi- 
ciency systems; supervision of testing from raw material 
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to complete machinery; mechanical and electrical operation 
of plants; specialty hoisting machinery. 

23 Graduate Stevens 97, member of Society; broad ex- 
perience including machine shop practice, superintendence 


of construction, tield work, tests of prime movers, boilers, 
and power house design. For many years connected with 


coutractors in New York 
City as designing engineer and draftsman. Desires position 
of similar nature with engineering firm. 

24 Member, Various sible ea- 
pacilies, Wants position as assistant to works manager where 


leading consulting engineers and 


ide experience ih 


respo! 


it is desired that the applicant must be a practical mechan- 


ical engineer with general experience in shop and mill prae- 
tice, and capable of successfully designing special machines 
lor own use or standard machines for regular line of com- 


petitive manutlacture, Capable ol supervising and respon- 
oduetion 


$250 


sible for the work of the engineering, cost and p 
departments, 


per mont! 


At present employed, married, salary 
Any location, 

25 Junior member, age 26, five years experience in de- 
signing of automatie machinery, desires a position as as- 
taking interest 
about a year’s time; exceptional record, would 
At present employed. 


nsulting engineer, with view ot 
in business 
to locate in the east. 
26 Metallurgical engineer, 29 years of age, broad experi 
g the erection of mill build- 
Salary $2,500. 


ence designing and superintendn 
ings, furnaces and machinery. 


27 Member, experienced as general or business manager, 


salesman and executive, desires position with manufacturing 
concern or branch house, has tact and business with 
Broad acquaint- 
ance in the engi gy and manutacturing field 
28 Member, New York City 
Watts to represent reliable manufacturing concern. 
29 Stevens 


ability 
many years experience as sales engineer. 
eering, con*racti 


with established office in 


graduate, practical minded and ambitious, 
eight years office and field experience, desires 
ist with a future. 


age 20, wit 
position ot tr 

30 Electrical and mechanical engineer and designer de- 
Sires position as assistant to chief engineer or position with 
similar responsibility; age 27 years; of good technical edu- 
cation and seven vears practical experience. 

Sl Sales engineer, experienced in handling high-grade 
specialties in power transmission and machinery lines; 
known to machinery and supply trade of United States and 
Canada for past eight years. 

+3 Commereial engineer has had responsible charge of 
sales and erection of suction gas producers, engines and 
power pumps, competent as office executive, and in publicity 
and purehasing work. 
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CARBURATION IN THEORY AND Practice, R. W. A. Brewer. 
London, 1913. 

Design or Surrace Compustion Appiiances, C. E. Lucke. 
Gift of the author. 

Detroit (MicH.) Boarp or Water Commissioners. Sixty- 
first annual report, 1913. Detroit, 1913. Gift of the 
board. 
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LiverPooL. Reprinted from Engineering, 1913. Gift 
of W. R. Haynie. 

Der Diesetmytuus, T. Liiders. 
Krayn. 

Farm Gas Engines, C. F. Hirshfeld and T. C. Ulbricht. 
New York, 1913. 

GUIDE TO SANITARY 


York, 1909. 


Berlin, 1913. Gitt of M. 


Inspections, W. P. Gerhard. New 

HANbDBOOK FOR MacuINe DesiGNerRS AND DrarrsMEN, F. A. 
Halsey. New York, 1913. 

HiGuway ENGINEERING, 
and H. B. Drowne. 


Textsook on, A. H. Blanchard 

New York, 19138. 

INTERNATIONAL RaiLway GENERAL FOREMEN’S ASSOCIATION. 
Report of proceedings of the ninth annual convention, 
1913. 


MECHANICA 


Winona, Minn., 1913. Gift of the association. 


REFRIGERATION. <A treatise for technical stu- 
dents and engineers, H. J. New York, J. 
Wiley & Sons, 1914, 


Macintire. 


Professor Macintire, 
Washington faculty. 
lication on th: 
and economics 
useful tables. 


Mem.Aim.Soec.M.E., is in the University of 
The work is the most complete American pub 
subject, and includes chapters on testing, applications 

In the appendix are model specifications and many 


Mopern Barus AND Batu Hovses, W. P. 
York, 1908. 

Das Mororsoor UND SEINE MASCHINELLE Ernricutuna, H. 
Haeder. Weisbaden, 1913. 

NATIONAL CONSERVATION Addresses 
ceedings, Ist, 2d, 4th, 1909, 1910, 1912. 
W. Rice. 

NEW ENGINEERING BUILDINGS aT MINNEsOoTA, F. 
hon. 


Gerhard. New 


and Pro- 
Gift of Calvin 


C. Shene- 
Gift of University of Minnesota. 

Jersey. Boarp or Pusuic Utinity CoMMISSIONERS. 
Reports, vol. 1, May 1911-June 1913. 
Giit of Charles A. Mead. 
TELEGRAPHERS AND HISTORICAL ASSOCIATION. 
Gift of the asso- 


NEw 


Trenton, 1913. 


OuLb-TIME 
Thirty-second annual reunion, 1913. 
Clation. 

PHILADELPHIA. 
July 1913. 


TRANSIT COMMISSIONER. Report, vols. 1-2, 
Gift of Ford, Bacon & Davis. 


QUEENSLAND. ENGINEER FOR Harpors AND Rivers. Report 
for the vear ended June 30, 1913. Brisbane, 1913. 
Gift of Department of Harbors and Rivers. 

RAILROAD AND ENGINEERING JOURNAL. vol. 64-66. New 
York, 1890-1892. 


Rernrorcep Concrete, A. W. Buel and C. S. Hill. 
New York, 1906. 
SAFEGUARDS FOR THE PREVENTION OF INDUSTRIAL ACCIDENTS. 


ed. 2. 


Edited by David Van Schaack. ed. 2. JIartford, Aetna 
Life Insurance Co., 1913. 
SANITATION, WaterR Supply AND SEWAGE DISPOSAL OF 


Country Hovusss, W. P. Gerhard. New York, 1909. 

SANITATION OF PuBLic BurLtpinas, W. P. Gerhard. 
York, 1907. 

Society oF AUTOMOBILE ENGINEERS. Trans., vol. 7, pt. 2; 
vol. 8, pt. 1. New York, 1912-1913. Gift of the society. 

STATIONARY ENGINEERS’ Book, 1910-1911. Compiled by C. 
F. Owen. Milwaukee, Wisconsin, Directory Co. 

SUBMARINE ENGINEERING OF To-Day, C. W. Domville-Fife. 
London, 1914. 

TexTBook ON TrapE Waste Warers: THerr NATURE AND 
DisposaL, H. M. Wilson and H. T. Calvert. 
1913. 


New 


London, 
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Turin CAUSES AND PREVEN- 
New York, 1896. 
TRAVELING ENGINEERS’ ASSOCIATION. 


THEATRE Fires AND PANIcs: 
Trion, W. P. Gerhard. 
Proceedings of twenty- 
first annual convention, 1912. Buffalo, 1913. Gift of 
the association. 
UraH CONSERVATION COMMISSION. First biennial 
1915. Salt Lake City, 1913. 
PLANE AND Souip Geometry, W. B. Ford and Charles Am- 
Edited by E. R. Hedrick. New York, 1913. 
An elementary textbook for school use. It is based on the recom- 
mendations of the Committee of Fifteen of the National 
Assoviation, 1011. 


report, 
Gitt of the commission. 


merman, 


Education 


VecTORIAL MrecHuaNics, L. Silberstein. London, Macmillan 


@ Co., 1913. 


A well written little volume presenting the chief 


theorems of theoretical mechanics in the language of vectors 


principles and 
After 
discussing certain special principles, such as the principles of vis-viva, 
of center of gravity, which the author considers synonymous with 
that of center of mass, and the principle of areas, the author p 
to the dynamics, deformable 
bodies and hydrodynamics. Certain parts, for example, that referring 
to the treatment of the Nabla, are particularly well written, and the 
book in general will be useful to those who wish to 
quainted with this new method of mathematical analysis without 
having much time to devote to it Whether vectorial analysis is of 
material importance to the mechanical engineer is as yet a question 
Lord Kelvin, in the sixties, refused to admit quaternions into the 
Treatise on Natural Philosophy unless P. G. Tait, who insisted on 
doing so, would show him that there is one theorem of mechanics 
that could be solved by vectors better than by classical mathematical 
methods. Since then vectorial analysis has rendered valuable serv- 
ices in several branches of engines 


iSses 


consideration of rigid mechanics of 


become ac- 


re. in alternating currents, 
but, as far as mechanical engineering is concerned, the present work 
is interesting in that it does not contain a single proposition that 


could not be proved by Cartesian methods L. G. 

WATER SUPPLY, SEWERAGE AND PLUMBING OF MODERN CITY 
BuiLtpines, W. P. New York, 1910. 

WENTWORTH INSTITUTE. Catalogue, 1913-14. 2. 


Gerhard. 


ston, 1913, 


EXCHANGES 


AMERICAN Society or Civit Engineers. Trans., vol. 
New York, 1913 

CANADIAN Society oF Civit ENGINEERS. Charter, By-Laws 
and List of Members, 1913. Montreal, 1913. 

INSTITUTION OF MECHANICAL ENGINEERS. Proe., 1913, pts. 
1-2. London, 1913. 


TRADE CATALOGUES 


Bostwick Steet Latu Co., Niles, Ohio. “ Stucco” 
loop metal lath, 15 pp. 

BrIsTou ¢ 
eters, September 1915. 

Evecrric TacnoMeter Co., Philadelphia, Pa. 
Hopkins electric tachometers, April 1913. 

Henpee Co., Springfield, Mass. 
1914, 28 pp. 

Lent Moror Fire Encine Corporation, New York. 


on truss 


0., Waterbury, Conn. Cat. 1400, ele -trie pyrom- 


Bull. 100, 


Indian motoreyeles, 


Auto- 
mobile fire engines, how the demand therefor is met, 
8 pp. 

LUNKENHEIMER Co., Cincinnati, Ohio. 
25 pp. 

North WesterN Expanpep Metat Co., Chicago, Ill. Ex- 
panded metal construction, November 1913. 

Exectric Co., Springfield, Ill. Bull. no. 36, 


Regrinding valves, 


ampere-hour meters for general service, October 1913. 
Sykes 


Sykes Meta, Latu anp RoorinG Co., Niles, Ohio. 
expanded cup lath. 
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Unper-Frep Sroker Co. or America, Chicago, Ill. Pub- 
heity magazine, November 1913. 

Vutcan Creciste Street Co., Aliquippa, Pa. Cat. no. 5, 
manufacture of high-grade crucible tool and special 
steel. 

UNITED ENGINEERING SOCIETY 

Appress BY JUDGE JOUN A. STOUGHTON BEFORE THE NAVY 
Leacve, U. S. Convention, at Hotel Willard, Washing- 
ton, D. C., February 22, 1912. Gift of W. J. Andrews. 

Jounx Fiven. The first in the world’s history to invent and 
apply steam propulsion of vessels through water. 19/2. 
Gift of F. B. Allen. 

HarMsworrn ATLAS AND GazerTerR. London. 
INTERNATIONAL Directory OF BOOKSELLERS AND 
PHILE’S ManuaL. Edited by James Clegg. 1974. 
Passaic Pusuic Lisrary. Twenty-fifth report, 1913. Gift 

of the library. 

Wastiincton AcapeMy or Sciences. Proe., vols. 1-13. 


ngton, 1899-1911. Gitt of Chas. L. Parsons. 


PULVERIZED COAL 


List or Rererences Compitep py Heten M. Craic, REFER- 


NCE LiprariaN, ENGINEERING Societies LIBRARY 
Use or Ptuiverizep IN MetTALLURGICA URNACES, 
James Lord. Engines rs Society o Western 


rania, Proc., Oetober 1913, p. 363-371; discussion, p. 
1-417. With bibliography. 
Puiverizep ror Bower Firing, C. H. Wright. Elec- 
trical World, March 15, 1913, p. 567-569. 
PuLVeERIZED COAL as A FueL, H. R. Barnhurst. Metallur- 
veal and Chemical Engineering, March 1913, p. 127- 
20. With special reference to metallurgical furnaces. 


Powberep CoaL as Indian Engineering, August 16, 
1915, p. 91. Brietly discusses its use as a locomotive 
ie] 

Powberep ror Locomotives, Walter D. Wood. Rail- 


way ge Gazette, July 1913. 

Pucverizep Coat as A Automobile, June 5, 
1915, p. llvv. Letter asking questions as to the use 
of pulverized coal. Answers are given. 

PROBLEM OF BURNING PULVERIZED FureL, Sterling H. Bun- 
nell. Jron Aae, September 18, 1913, p. 618. 

Use or Putverizep Coat as ror Fur- 
NACES, H. R. Barnhurst. American Institute of Mining 
Engineers, Bull., October 1913, p. 2523-2532. 

PULVeRIzED CoaL as A Fuet, A. W. Raymond. Metallur- 
que al and Chemical Engineering, February 1913, p- 
108-109. On the use of pulverized coal in metallurgical 
furnaces and in cement burning. 

BURNING OF PowpereD Coat, W. E. Porter. Industrial 
World, vol. 47, p. 146-147, February 3, 1913. 

Powberep as Furi, W. 8S. Quigley. Railway and En- 
gineering Review, November 15, 1913, p- 1067-1068. 
Paper read before the American Foundrymen’s Associa- 
tion. 

SMALL CoaL AND Dust: Its Propuction, PREVENTION, 
TREATMENT, AND UTILIZATION, WitH Special Rerer- 
ENCE TO Dry Mines, J. Drummond Paton. IJnstitution 
of Mining Engineers, Trans., vol. 45, pt. 3, p. 421-446; 
diseussion, p. 446-449, 1912-1913. Same in Manchester 
Geological and Mining Society, Trans., vol. 33, pt. 6, p. 
198-223; discussion, p. 223-226, 1912-1913. Results of 
oflicial tests made by the Stirling Boiler Co. 

Firing Sorr Coat Screenrnes, John S. Leese. Mechanical 
Werld, vol. 51, p. 160-161, 1912. 


LIBRARY AFFAIRS LV 


Dust Fue. Boiter anp Its Users, H. V. Hart Davis. Man- 
chester Geolugical and Mining Society, Trans., vol. 22, 
p. 224-2535; discussion, p. 233-242, 1912. Abstract in 
Iron and Coal Trades Review, February 23, 1912, p. 
298-299; Engineering Magazine, March 1913, p. 936- 
938. 

Putverizep Steam Furi. Steam, 
May 1912, p. 135-138. A table shows results obtained 
with a Bettington boiler. 


Metuops or BurNinG ANTHRACITE CoaL Dust, Wm. Kava- 
nagh. Electrical World, December 7, 1912. 

ReEcENT IMPROVEMENTS AND ADDITIONS TO THE SMELTING 
PLANT OF THE CANADIAN Copper Company, D. H. 
Browne. Canadian Mining Institute, Trans., vol. 15, 
p. 115-122, 1912. 

COMBUSTION OF PULVERIzED Coat, L. S. Hughes. American 
Institute of Chemical f nqgineers, Trans., vol. 4, p. 347- 
349, 1911. 

PuLverizeEp Coat, A New Fuet, Wm. D. Ennis. Automo- 
bile, vol. 25, p. 620-621, 1911. Contains paragraph on 
the use of powdered coal under steam boilers. 

BETTINGTON Boiters For Putverizep Furi. Railway News, 
vol. 96, p. 1422-1423, 1911. Gives results of tests. 

De WEMPLOL DES POUSSIERS DANS LES FOYERS MECANIQUES, 
J. Izart. L’Electricien, vol. 41, p. 54-57, 1911. 

Firinc Boiters with Punverizep Coat, W. S. Worth. 
Power, vol. 33, p. °64-267, 1911. Tests were made at 
the Henry Phipps plant, Pittsburgh. 

Tue Rorary Kin, Ellis Soper. American Society of Me- 
chanical Lngine rs, Journal, October 1910; discussion, 
April 1911. In the paper and in the discussion refer 
ence is made to the earliest successful use of pulverized 
coal for cement manufacture. 

Use or Putvertzep ror Founpry Purposes, Richard 
Meade. American Foundrymen’s Association, 
Trans., vol. 18, p. 39-45, 1909. Abstract in Foundry, 
vol. 54, p. 196-198, 1909. The author gives an estimate 
of the cost of pulverizing. 

Firinc or Reverseratory Furnaces, Edward 
G. Thomas. En neering and Mining Journal, vol. 85, 
p. 269-270, 1908, 

CoaL Dust FirinG ror Reverserarory Furnaces, Charles 
KF, Shelby. Engineering and Mining Journal, vol. SD. 
p. 541-544, 1908. 

FEEDING PuLverizeEp TO FurNaces, R. Cederblom. 
Power, vol. 28, p. 299-300, 1908, 

Some InpustrRiAL APPLICATIONS OF PuLverIzEp W. 
D. Ennis. Brooklyn Engineers’ Club, Proc., vol. 12, 
p. 183-200; diseussion, p. 201-217, 1908. The author 
discusses various methods of grinding coal and special 
applications such as firing of steam boilers and indus 
trial furnaces. 

Putverizep COAL AND ITs INDUSTRIAL Applications, W. D. 
Ennis. Engineering Magazine, vol. 34, p. 463, 577, 
1907-1908. Costs are given. 

Use or Putverizep ror Heating METALLURGICAL 
Furnaces, Richard K. Meade. American Institut. of 
Chemical Engineers, vol. 1, p. 98-115, 1908. 

Usine Sorr Coat Screentncs. Power, vol. 29, p. 706, 1908. 

Economy or tHe Lone Kix, E. C. Soper. American So 
ciety of Mechanical Engineers, Trans., vol. 29, Pp. 143- 
148; discussion, p. 149-158, 1907. In the diseussion 
Prof. William D. Ennis gives some figures relative to 
the cost of pulverizing coal. 

SCKWARTZKOPFF System OF Coat Dust Firma, P. M. 
Pritehard. Liverpool Engineering Society, Trans., vol. 
28, p. 154-165; discussion, p. 166-176, 1907. An ae- 
count of tests. 

Dust Stokers aNp Avuxiuiary PLant. W. R. Harri- 
son. Leeds University Society, December 10, 1906. 
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LVI SOCIETY AND 
ENSTAUB, ETC., Wegener. 
trie Ze lung, 


Asphaltkunde u. Teer Indus- 
vol. 6, p. 4, 1906. 


CoaL PULVERIZER AND AUTOMATIC STOKER. American Elec- 


trician, vol. 14, p. 196-197, 1906. Deseription of 
“Tdeal” tuel feeder. 
Powperep CoaL Firinc ror SteaM Bor.ers, Geo. C. Me- 


Farlane. Engineering and Mining Journal, vol. 81, p. 
901-902, 1906. Comparison of costs of hand firing and 
powdered coal firing. 

PROBLEM OF SMOKE ABATEMENT, Wm. H. Bryan. American 
Machinist, vol. 29, pt. 2, p. 52-54, 1906. Powdered coal 
is compared with other fuels, as to cost, efficiency. 

CoaL Firing or 
S. Severin Sorensen. 
vol. 81, 
results. 


REVERBERATORY Marre Furnaces, 
Engineering and Mining Journal, 
p. 274-276, 1906. With diagrams of smelting 
Coat Dust Firing ror Steam Borters. Engineer (Lond.), 
vol. 99, p. 502-503, 1905. Gives results of tests made 
with the Schwartzkopif apparatus by C. E. Stromeyer, 

of the Manchester Steam Users’ Association. 

FirinG with Coat Dust, Eustace Carey. Society of Chem- 
ical Industry, Jour., vol. 24, p. 369-371; diseussion, p. 
371-372, 1905. Abstract in Engineering and Mining 
Journal, vol. 80, p. 1113-1114, 1905. 

Urinization Or Low-GrapeE FUELS FoR STEAM GENERATION, 
W. Francis Goodrich. Engineering Magazine, vol. 30, 
p. 346-354, 1905. 

Roap Tests oF Brooks Passencer Locomorives, E. A. 
Hitcheock. American Society of Mechanical Engineers, 
Trans., vol. 26, p. 290-306; discussion, p. 306-311, 1905. 
In the discussion on pp. 310-311 the use of pulverized 
coal as a fuel for locomotives was considered. 

Coat Dust FirinG aS APPLIED TO ANNEALING FURNACES. 
Iron and Coal Trades Review, vol. 70, p. 1999, 1905. 
Schwartzkopff system. 

CoMPARATIVE BorLeR TESTS WITH 
IZED COAL FIRING. 
342, 1904. 

BurRNING Powperep Coat, H. J. Travis. Power, vol. 24, 
p. 168-196, 271, 1904. Tests of various systems, also 
comparative tests of hand fired and pulverized fuel 
boilers. 

Powperep CoaL FoR STeeL ANNEALING, H. J. Travis. 
American Machinist, vol. 27, pt. 1, p. 791-792, 1904. 

Use or Putverizep ror FueL UNDER STEAM BOILERs, 
J. M. Sweeney. Western Society of Engineers, Jour., 
vol. 9, p. 141-149; discussion, p. 149-160, 1904. With 
tables, showing evaporation secured from pulverized 
fuel and hand fired coal. 

Test OF PuLVvERIZED FueL. Engineer (U. S.), vol. 41, p. 
259-260, 1904. Tests were made at the plant of the 
International Harvester Co. 

BURNING OF PuLverizeD Coat, C. O. Bartlett. Association 
of Engineering Societies, Jour., vol. 31, p. 44-48, 1903; 
Railway and Engineering Review, vol. 43, p. 568-569, 
1903; Engineer (U. 8.), vol. 40, p. 563-564, 1903. 
Paper read before the Civil Engineers’ Club of Cleve- 
land. Gives estimated cost of outfit for about 40 tons 
per day of 10 hours. 

BuRNING POWDERED COAL UNDER BOILERS. 
p. 434-437, 1903. 

PowperReD Fuet. Power, vol. 23, p. 561, 1903. 
W. E. Crane. 

PuLveRIzeD Furt. Engineer (U. S.), vol. 40, p. 272-275, 
1903. Costs are given and an estimate of the saving 
made by pulverizing the coal. 

ImproveD System OF Burninc Coat Dust. Engineer 
(U. S.), vol. 40, p. 93-94, 1903. The Rowe system. 

A Rotary Brusu System oF Freepinc PuLverizep FUEL TO 
Furnaces. Engineering News, vol. 47, p. 147, 1902. 
Test of Schwartzkopff system. 


ORDINARY AND PULVER- 
Engineering Record, vol. 49, p. 


Power, vol. 23, 


Letter by 
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SYSTEM FOR BURNING 
30, p. 1006, 1902. 


Coa Dust. American Miller, vol. 


Bartlett and Snow system. 

UEBER DEN GEGENWARTIGEN STAND DER KOHLENSTAUBFEUER- 
UNG, Haeussermann. Gewerblich technischer Ratgeber, 
vol. 1, p. 227-229, 1902. 


Burning Coat Dust wirnout SMoKxe. Jron Age, Novem 


ber 6, 1902, p. 10-12. 
PuLverizep Fur. ror Power Puants, Gaseche (Aero Pul 
verizer). Railroad Gazette, vol. 34, p. 466-467, 1902. 


Gives summary of results of boiler trials. 
KESSELFEUERUNG MIT PULVERISIERTER KOHLE (“ Pulverisator 
eyelon,” Aero-Pulverisator”). Leipziger Monats- 

schrift fiir Textil Industrie, vol. 17, p. 479, 1902. 

A New System ror BURNING Powperep COAL. 

ing News, vol. 48, p. 548, 1902. 


Engineer- 
Rowe and Bender sys 


tem. 

Tne Rowe System OF BURNING PULVERIZED CoaL. Engi- 
neering Record, vol. 46, p. 592, 1902. 

PULVERIZED CoAL BURNING IN) CHICAGO. American Elee- 
trician, vol. 14, p. 13-14, 1902. 

PuLVeRIzZED FueL For Power PuLants. Railroad Gazette, 
vol. 24, p. 466-467, 1902. With tables giving summary 


of results of boiler trials, and heat balance for dust 
fuel test. 

IKOMBINIERTE KOHLENSTAUBFEUERUNG. Zei rift fiir 
Be uchtungswesen, vol. }- 332-333, 190], 


KOHLENSTAUBFEUERUNGEN, Ruhl. 

1901. 

PowpereD Fvuet ror BoiterR FURNACES AT THE ALPHA 
CEMENT Works, ALPHA, N. J. Engineering 
News, vol. 45, p. 452-453, 1901. 

A New Metrnop or BurRNING PowpERED FUEL. 
News, vol. 45, p. 178-179, 1901. 
lake system, with results of tests. 


Kraft, vol. 18, pt. 1, p. 


Engineering 
Description of West 


THe AERO SysTeEM OF PULVERIZED Comsustiox. En 
gineering Record, vol. 43, p. 506, 1901. 

PuLVeRIZED R. A. Douglas. American Electrician, 
vol. 13, p. 484-435. 1901. 

Two Recent SysteMS FOR BURNING POWDERED Coat. En- 


gineering News, vol. 46, p. 415-416, 1901. 
Aero Pulverizer systems. 

FreitaG’s KOHLENSTAUB-FEUERUNG. 
5-6, 1900. 

3URNING OF PULVERIZED CoaL. Engineering Record, vol. 
42, p. 241-242, 1900. Editorial note on the use of pul- 
verized coal in rotary cement kilns. 

BURNING Pcutverizep Coat. Railway and Engineering Re- 
view, vol. 40, p. 560-562, 1900. 

BURNING Powperep IN Stationary BOILERs. 
neering Record, vol. 42, p. 615-616, 1900. 
Westlake apparatus. 

EMPLOI DU CHARBON PULVERISE DANS LES FOYERS DES CHAU- 
DIERES ET DES FOURS METALLURGIQUE (systéme Sehwartz- 
kopff), A. Halleux. Revue Universelle des Mines, vol. 
16, p. 21-34, 1899. 

IXOHLENSTAUBFEUERUNGEN (Zusammenstellung der verschie- 
denen Erfindungen und Patente). Schweizerische Bau- 
zeitung, vol. 34, p. 4-6, 1899. 

Use or Coat Dust as For Borters, Count Caracristi. 

Tron and Coal Trades Review, vol. 58, p. 643, 1899. 

FREITAGSCHE KOHLENSTAUBFEUERUNG, L. Kaufmann. 

Zeitschrift des Vereines deutscher Ingenieure, vol. 43, p. 

988-992, 1899. 

Tue Uritization oF Coat SLupGE Coat Dust. Col- 
liery Guardian, vol. 77, p. 477, 1899. Abstract from 
Neues Saarbrueckener Gewerbeblatt. 

FreitaG Apparatus FoR Coat Dust Fuen. Colliery Guar- 
dian, vol. 78, p. 542-543, 1899. Abstract of article by 
L. Kaufmann in Zeitschrift des Vereines deutscher 
Ingenieure. 
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Burning Low-pricep W. Ll. Wakeman. American 
Vachinist, vol. 22, p. 101, 1809. 

VERWERTHUNG VON KOHLENSCLHILAMM UND KOHL- 
ENSTAUL, Vest. Zeitse hrijt fur Lerg u. lluttenwesen, 
vol. 57, p. 127-129, 1899. Abstract in Jnstitution of 
Civil kngimeers, Proc., vol. 136, p. $21-422, 1898-1899. 

CHAUFFAGE DES CHAUDIERES AU CHARBON PULVERISE (sys- 
teme Forst). Revue Industricllc, vol. 29, 16, 1508. 

New Coat Dust Furnaces. J/ron and Coal Trades Review, 
vol. 47, p. 177-178, 1898. Pinther, Russell, Lester & 
Ernst, Peck and Patterson systems. 

VERSUCHSERGEBNISSE DER De CAMPSCHEN WKOllLENSTAUB- 
FEUERUNGEN, Selineider. Mitte dlungen aus der Praris 
aes Dam pf le ssel und Damp] maschinenbetriebes, vol. 
20, p. 76, 1897. 

NOVELTIES IN CoaLpustT Firing Apparatus. Colliery Guar- 
dian, vol. 76, p. 514, 1898. Abstract from TJonindus- 
trie Zeitung. 

Runes Apvpararus ror Burning Powperep Coat. Engi- 
veeriny (Lond.), vol. 63, p. 72, 1897. 

BURNING Powbverep Coat UNvER SteaM Engi- 
neering Ne ws, vol. p. 190, 1897. Wegener SVs- 
tem, 

NEUERUNGEN AN NKOMLENSTAUBFEUERUNGEN. Dinglers Poly- 
technische Journal, vol. 30D, p- 272-276, 1897. 

CHAUFFAGE AU PULVERIN DE CHARBON, Vacquiers. La Vie 
Scientifique, 1897, pt. p- 253-254. 

CHAUFFAGE DES CHAUDIERES AU CHARBON PULVERISE, P. 
Chevillard. ?evue Industrielle, vol. 28, p. 162, 294, 
385, 1807. 
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| 


KKOHLENSTAUBFEUERUNGEN, Ferdinand Bleichsteiner. Oest. 
Zeitschrift jur Berg und Jlittenwesen, vol. 44, p. 
?!40, TSU. 

IXOHLENSTAUBFEUERUNG, Forster. Uhlands Technische Rund- 
schau, 1596, no. 3, p. 24. 

KOHLENSTAUBFECERUNGEN AUF DER BERLINER GEWERBE- 
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Franklin Institute, Journal, vol. 81, p. 377; vol. 92, p. 
17, 1871. Whelpley and Storer process. 
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L. D. BurRLINGAME 
W. L. 

A. L. DeLeeuw 

W. EL. Dierexpore 
L. 
A. Errincron 
A. A. FULLER 

D. Gorpor 

H. WK. Harinaway 
kK. KEARNEY 


I. E. RoGers 
N. E. 


Kk. B. Karre, Chmn. 
G. M. Basrorp 
W. G. Bester 

A. Il. 

T. N. Bix 

W. M. Goss 
A. L. Humpurerys 
W. F. Kiesen 

W. B. Porrer 

N. W. Srorer 

H. H. Vaveuan 
R. V. Wrieutr 


Spring Meeting 


W. Bovey 

H. LeR. Brink 
OLIVER CROSBY 
Pau. Dory 

J. J. FLATHER 
W. H. Kavanaven 
J. N. TANNAFORD 
M. Martin 

Jounx 
L. 
G. L. Recorp 


t. B. Warrracre 


Textiles 


W. Thomas, Secy. 
DD. M. Bares 

Joun Ecc ies 

D. France 

» GREENE 

KF. W. Horrs 

C. R. MAKEPEACE 

C. H. Mannine 

H. F. MANSFIetp 


C. T. Puunxetr, Chmn. 


GEOGRAPHICAL SECTIONS 
OF THE SOCIETY 
Atlanta Minnesota 
J. S. Coon, Chmu. 
Park A. DALLIs, Secy. 
Grorce Jr. 
Ceci, P. 
Earu F. Scorr 


Max To.rz, Chmn. 
L. Pitussury, V-Chmn. 
k. J. Heinen, Secy-Treas. 


Chicago 
Pau. P. Birp, Chmu. 
C. W. NayLor, Secy. 
C. R. Birpsey 
W. B. Jackson 
A. W. Mose.ey 


Cincinnati 


San Francisco 


A. M. Hunt, Chmn. 
T. W. Ransom, Secy. 
W. F. Duranp 

E. C. JONES 

A. L. DeLeeuw, Chmn. THos. Morrin 

Jas. B. STANWOOD, -Chimn. 

J. T. Faic, Secy. 

W. G. Franz 

G. W. 


St. Louis 
Milwaukee 
Frep H. Dorner, Chmn. EK. L. Outre, Chmn. 
M. A. Beck KF. E. Bauscu, Secy. 


ARTHUR SIMON F. N. JEWETtT 
Henry WEICKEL Joun 
Kk. P. Worpen L. C. NORDMEYER 


LOCAL MEETINGS OF THE SOCIETY 


Boston New York 


F. A. WaLpron, Chmn. 
Epwarp Van WINKLE, Secy. 
R. V. Wricut, Treas. 

W. G. H. R. 

A. L. J. J. 


R. Curtis, Secy. 
Hl. N. Dawes 


New Haven Philadelphia 


FE. S. Coo.ey. Chimn 


R. D. Chmn. 
II. Lo KWoOoOD, Secy, 


W. R. Jones, Secy. 

L. Breck enripas Lewis H. Kenney 
Sargent T. C. McBripe 


OFFICERS OF THE GAS POWER SECTION 


Chairman Gas Power Executive Committee 


C. H. Bensamin (1) 
F. R. W. H. (3) 
W. D. Ennis (5) 

H. J. K. Freyn (1) 
F. R. Low (2) 

ecretary Il. E. Movuurrop (4) 


H. H. 
Gro. A. Orrok UPLEE (1) 


Gas Power Literature Committee 
R. B. Chmn. 
A. W. H. Griere 
W. F. Monacuan 
W. S. Morrison 


S. 1. OgsTeRREICHER 
A. F. STituMan, Chmn. + 
‘ 
H. V. O. Cogs 


Gas Power Membership Committee 


J. H. Lawrence Gas Power Committee on Meetings 


S. Kine Wa. T. Macruper, Chmn. 
J. H. Norris W. H. Buavuvetr 

G. M.S. Tan E. D. Dreyrus 

J. D. SHaw A. H. 

H. W. ANpber Nispet LATTA 


C. D. Suirn H. B. MacFaruanp 


OFFICERS OF AFFILIATED SOCIETY 


Providence Association of Mechanical Engineers 


W. H. Paine, Vice-Pres. A. H. Wuattey, Treas. 
J. A. Brooks, Seey. 
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OFFICERS 


OF 


THE 


STUDENT 


INSTITUTION 


Armour Institute of Technology 
Carnegie Institute of Technology 
Case School of Applied Science 
Columbia University 

Cornell University 

Lehigh University 

Leland Stanford Jr. University 
Massachusetts Institute of Technology 
New York University 

Ohio State University 
Pennsylvania State College 
Polytechnie Institute of Brooklyn 
Purdue University 

Rensselaer Polytechnic Institute 
State University of lowa 

State University of Kentucky 
Stevens Institute of Technology 
Syracuse University 

Arkansas 
California 
Cincinnati 

Illinois 

Kansas 

Maine 

Missouri 


University of 
University of 
University of 
University of 
University of 
University of 
University of 
University of Minnesota 
University of Nebraska 
University of Wisconsin 
Washington University 

Yale University 


DATE 


AUTHORIZED 
BY COUNCIL 


Mareh 9, 
October 
February 


November 9, 
December 4, 
June 2, 


Mareh 9, 
November 9, 
November 9, 

January 
November 9, 

Mareh 9, 

March 9, 
December 9, 

April 

January 
December 4, 
December 3, 

April 
February 
November 9, 
November 9, 


Mareh 9, 


February 8, 
December 7, 
May 12, 


December 7, 
November 9 
March 10, 
October 11, 


1909 
1913 
1913 
1909 
1908 
1911 
1909 
1909 
1909 
1911 
1909 
1909 
1909 
1910 
1913 
1911 
1908 
1911 
1910 
1912 
1909 
1909 
1909 
1910 
1909 
1913 
1909 
1909 
1911 
1910 


HONORARY 
CHAIRMAN 


G. F. Gebhardt 

W. Trinks 

Il. Vose 

Chas. E. Lueke 

Rk. (. Carpenter 

P. B. de Schweinitz 
W. FF. Durand 

kk. I. Miller 

C. Houghton 
Wim. T. Magruder 


J. P. Jackson 
W. D. Ennis 
G. A. Young 


A. M. Greene, Jr. 


R. S. Wilbur 
Anderson 


Alex. ©. Humphreys 


W. Ek. Ninde 
B. N. Wilson 


Joseph N. LeConte 


J. T. Faig 

W. M. Goss 
H. Sibley 
Arthur C. Jewett 


H. Wade Hibbard 


J. J. Flather 

J. D. Hoffman 
H. J. Thorkelson 
E. L. Ohble 


L. P. Breckenridge 
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K. Erickson 
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. Mummert 


B. Sehmidt 


J. Miller 


C. Owen 


Campbell 
W. Treat 


Hl. Neilan 
L. Switt 
Peltier 


1). Meals 


E. MeMullen 


Hl. Guldner 


. G. Strong 


Bayer 


. T. Parsons 


MeGill 


Guillon 
. Hurxthal 


H. Aagaard 


. ©. Angevine 


E. Fow ler 
Runge 
Buenger 
A. Luebs 
D. Smart 


. Southerland 


F. Harder 


CORRESPONDING 
SECRETARY 


N. 
M. Sheldon 
B. Whitacre 
Allen 


. Ss. Weeg, Jr. 


. G. Shatfer 


M. Green 
L. Downing 


M. Powell 
L. Hughes 
Bielek 

F. Lynde 
L. Mamier 


Thompson 
. T. Thornton 


H. Colvin 


J. Campbell 


Bethel 
H. Landon 


. A. Oster 


Austin 


J. Maleolmson 
. B. Hayes 


L. Leach 
A. Colvin 
W. Nigh 
A. Cook 


. Schleiffarth 
. C. Corbett 
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PERSONAL NOTES 
Hienry M. Leland, a Manager of the Society and general 
manager ol the Cadillac Motor Car Company of Detroit, 
is president this vear of the Society of Automobile Engi 


heers, 


At the meeting in London on December 9 of the com 
mittee of the International Association for Testing Ma 
terials, the United States was represented by Dr. Richard 
Moldenke and Walter Wood, Members Am.Soc.M.E. The 
proceedings of the meeting have not been made public, but 
certain proposals representing the view of American and 
German producers are to be circulated among British mak 
ers of pig-iron, cast-iron pipe and miscellaneous iron cast 


ings, with a view to getting a consensus of opinion. 


John Price Jackson, recently dean of the School ot Elee 
trical Engineering of Pennsylvania State College and now 
commissioner of the department of labor and industry at 
Harrisburg, has been chosen one of the five engineers con- 
stituting the State Engineers Commission which is to dratt 
a code tor the registration of engineers in the State of Penn 


~Vivania. 


T. Kennard Thomson, a member of the American Com 
mittee to celebrate the 100th Anniversary of Peace among 
English-speaking peoples, proposes as part of the celebra 
tion the establishing of an international park and forest 
along the Canadian border trom Lake Superior to the 
Pacitie Ocean, having a width of ten miles in both the 
United States and Canada. This would act as wind break, 
thus greatly benefiting the climate, and a large number ot 
animals could be bred to advantage on this 30,000 square 
miles of part forest, lake and stream, so that by proper 
management the reservation could be made not only self- 
supporting but a profit producer as well. Mr. Thomson’s 
work in e¢ivil engineering is well known and his scheme for 
building sea walls at the lower end of Manhattan to form 
a new neck of land, thus relieving the congestion which now 
exists in lower New York, recently attracted much attention. 


Wm. N. Stevens has severed his connections with the 
John Simmons Company, New York, to become identified 
with the Stevens-Aylsworth Company, of the same city. 


Arthur M. Crane, who was formerly with the New York 
Continental Jewell Filtration Company of New York, is 
now sales manager of the Permutit Company of New York. 


Carr L. Glasgow, until recently district manager of Allis- 
Chalmers-Bullock, Ltd., Montreal, Canada, has entered the 
service of Fairbanks, Morse & Company, New York. 


Henry C. Beckwith has accepted the position of district 
manager of the T. L. Smith Company, Chicago, Ill. Mr. 
Beckwith was formerly associated with the Constructors 
Equipment Company of Seattle, Wash. 


Aimé L. G. Fritz, formerly connected with the Toronto 
Electric Light Company of Toronto, Canada, has become 
superintendent of construction for the London Electric 
Company, London, Canada. 


L. H. Mesker has severed his connections with the United 
Engineering and Construction Company, Cleveland, Ohio, 
to enter the sales department of the Cleveland City Forge 
and Iron Company. 


MASSACHUSETTS INSTITUTE OF ‘TECHNOLOG) 


Announcement has been made of the plans for the new 
buildings of the Massachusetts Institute of Technology, to 
he erected on the Charles River in Cambridge, Mass. These 
plans have been developed by the architeet, William W. Bos- 
worth, following an extended preliminary engineering in- 
vestigation of college buildings throughout the world, made 
by John R. Freeman, Past-President of the Society, who 
did this work as an interested alumnus of the Institute. 
\Vhen completed, the buildings will comprise one of the most 
imposing educational groups in America, the impressiveness 
of which will be enhanced by the location on the Charles 
ltiver. 

The library is the central feature, in front of wluch is a 
central court of immense size and on two sides of which are 
the main sections of the educational building. Unlike the 
plan usually followed in this country, of separate buildings 
for the different departments, there will be a single large 
building for this purpose, with wings and open courts. 

The construction features of this building are based upon 
a unit system of bays, the floors of which are supported by 
the outside walls independent of the partitions. so that rooms 
can be made in any multiple of the basie unit desired, simply 
by removing the partitions. In a similar manner the struc 
ture can be added to by building additional bays of standard 
size. It will be of interest to engineers to say that there 
will be two and one-half acres of roof-lighted drafting 
rooms. The size of the undertaking is indicated by the fact 
that there will be begun a simultaneous construction of bmild- 
ings whose eapacity will reach about 15,000,000 cubic tcet, 
and it is estimated that the main central court is sufficient in 
size to offer a resting place for ten of the largest vessels of 
the United States Navy. The department of mechanical en- 
gineering will contain 176,000 square feet, that ot electrical 
engineering 50,000 square feet, of mining engineering 77,4)00 
square feet, and of naval engineering 35,000 square feet. 

Coincident with this announcement is another one to the 
effect that there will be codperation in instruction between 
the engineering department of Harvard University and of 
Massachusetts Institute of Technology, whereby students 
and professors may interchange. Duplication in instruction 
in these neighboring institutions will be avoided and the 
Harvard students will have the advantage of the Technology 
laboratories. 


STEVENS TECHNOLOGY MEETING 


At a convention held at Stevens Institute of Technology 
on January 9 there was a general discussion of the vela- 
tion of publie utilities to the communities in which they op- 
erate. Among those who participated were Dr. Alex. C. 
Humphreys, President of Stevens Institute of Technology 
and Past-President of the Society, John W. Lieb, Jr., man- 
ager of the New York Edison Company, and James E. 
Sague, a member of the New York Public Service Commis- 
sion, both members of the Society. 

Dr. Humphreys in the course of his remarks referred to 
the control of public utilities by public service commissions, 
expressing his belief in a proper measure of control and 
regulation, but pointing out the necessity for broad knowl- 
edge and efficiency on the part of the commissioners. He 
said in part: 

“Many of the questions which these commissions are 
called upon to determine require for their solution the high- 
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est engineering training and experience. And yet it is the 
exception when an engineer is appointed as a commissioner. 
The engineering profession is most often represented not as 
members of the board, but as emplovees of these boards, 
and so with no vote. Frequently the engineers so employed 
us subordinates to the commissioners are not qualitied for 
au authoritative position in any of the companies over whieh 
they are thus given, indirectly it is true, a large measure 
of authority. L have held that on every one of these com 
missions the engineering profession should be adequately 
represented in the persons of men educated in the seience 
of engineering and later trained in the hard school of expe 
rience, these men to be voting commiis-ioners, 


I by no means elaim that because a man is an engineer 
le is thus necessarily qualitied tor membership on such a 
board, any more than a man is qualitied to be a judge be 
cause he is a lawyer. Whether the commissioner is engineer, 
lawyer, aecountant, or business man, he should be broadly 
trained and he should have had experience in the exercise 
o! administrative funetions.” 

Mr. Lieb outlined the broad powers vested in such com- 
mussions, the immense field which their activities cover, and 
emphasized again the necessity for a personelle of the high 
“It must be obvious,” 


est order. he said, “that the pres 


ence of a technically educated and scientifically trained 


member on the commission should be of enormous assistance 
and value in its work, only second in importance to the pres- 
ence of a representative of the legal profession. The pro 
fessional politician, or ‘statesman, as he would preter to 
be ealled, is likely to be strongly represented in the make- 
up of the commissions, but to find a representative of the 
engineering profession in the Commissioner's chair is, in- 
deed, unusual and exceptional. 

Our technical graduates should be trained and train 
themselves so that when they are called upon for the facts, 
or to present evidence or testimony in these cases that their 
presentation be clear, convincing, to the point, and delivered 
with the weight of authority. We should cultivate the habit 
of clear statement as well as clear thinking, and sehool our- 
selves in the facility of communicating technical informa- 
tion and expert testimony, so that it may be understood by 
the lavman and that our arguments and presentation may 
create a favorable impression and carry due weight.” 

Mr. Sague followed with a most interesting account of the 
large problems with which commissions have to deal and the 
vast field which they must cover in their investigations in 
erder to keep informed and to make intelligent investiga- 
tions. 


STUDENT BRANCHES 


ARMOUR INSTITUTE OF TECHNOLOGY 


At a meeting on January 14, F. L. Brewer, Jr. gave a 
talk on Stanley Steam Automobiles, in which he deseribed 
the entire power plant and took up the advantages and dis- 
advantages of steam in the automobile industry. Lantern 
slides were used in illustrating Mr. Brewer’s remarks, and a 
discussion followed. 

CARNEGIE INSTITUTE OF TECHNOLOGY 

The regular meeting of the Carnegie Branch was held on 
December 17. Prot. J. C. Sproul gave a talk on Modern 
Automobile Practice in which he described the various types 
of automobile motors used in this country and in Europe, 
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giving the relative merits of each and the results that have 
been obtained from them in testing. He also outlined the 
construction and working of the various differentials and 
axles that have been adopted in the best automobile and 
traction engine practice, 


COLUMBIA UNIVERSITY 
H. Gantt. Mem.Am.See.M.E., gave leeture on 
the Relation between Kmplover and kinplovee betore the 


Mechameal Engineering Society of Columbia University on 
January ¥. He pointed out that the real problem which 
contronts the college graduate is human nature: how to deal 
with men. To obtain suecessful codperation with the work 
man, the employer must cause the workman to have an 
interest in his work. This can be accomplished by setting 
a task tor him to do, showing him how to do it, and paying 
a good wage. As the trained man can on the average do 
three much work as one who ts untraimed, these 
methods result in increased production and lowered wage 


eosts. 


times as 


CORNELL UNIVERSITY 


Prot. OR. Hutton, Honorary Secretary Am.Soc.M.F.. 
gave a talk before the Sibley College Student Branch on 
December 16, on the Relation of the Drattsman to the Enugu 


neer, in which he dealt purely with the ethical side of the 
relationship. 
On January 15 Mr. Henderschott, director of the New 


York Edison Schools and seeretary of the Association o! 
Corporation Schools, spoke of the present great interest 
in industrial instruction, and pointed out the need of eom 
mercial traiming in the pubhe schools. He statistics 
showing that in a 300-day year, of eight hours a day, one 
workman killed every four minutes and another in 
jured every four seconds each year. This proportion ts 
being reduced by welfare work, including safety devices, 
sanitation and instruction. 


rave 


Was 


LEHIGH UNIVERSITY 

On December 9 at a meeting of the Leligh University 
Mechanical Engineering Society T. G. Shatfer read a paper 
on Transformers, which gave a short outline of the meth 
ods of construction and of testing in transformer practice. 
Prot. A. W. Klein, Mem.Am.Soe.M.E.. also described his 
trip to Germany last summer to attend the meeting of the 
Verein deutscher Ingenieure. 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


At a meeting of the Mechanical Engineering Society of 
the Massachusetts Institute of Technology on December 31, 
Gorham Dana gave an interesting talk on the Reouirements 


of the Underwriters for Fire Prevention. His remarks 
were illustrated by lantern slides. 
OHIO STATE UNIVERSITY 
The Student Branch of Ohio State University has held 


regular meetings during the term. On October 1 Prot. F. E. 
Sanborn. Mem.Am.Soc.M.E., gave an address on Teelhi- 
nical Museums; on October 17 C. L. Newby spoke on the 
Transhipping of Cargoes on the Great Lakes; on Novem- 
her Prof. F. W. Marquis, Jun.Am.Soe.M.E., read a 
paper on the Design and Construction of a Locomotive 
Testing Laboratory. On December 11 B. H. Smith gave 
an illustrated lecture on the Gas Producer, placing special 
emphasis on recent development, such as the static serubber, 
ete. 


PENNSYLVANIA STATE COLLEGE 


State College Student Branch held a 
meeting on January 14 at which the following officers for 
the second semester were elected: A. L. Foell, chairman, 
«. F. Kennedy, vice-chairman, R. W. Hertzog, secretary, 
Rk. B. Rudy, treasurer. P. W. Barr presented a paper on 
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Kesuseitation, and N. HL. Slack a paper on the Advancement 
in Motor Car Design for 1914. 


POLYTECHNIC INSTITUTE OF BROOKLYN 


On January 10, Franklin Van Winkle, associate editor 
of Power, spoke before the Polytechnic Institute of Brook 
Ivn Student Branch on Hydroelectric Development at Pater 
son. No Much descriptive material was given, illustrated 
by lantern shdes, which plainly showed how these plants 
were at present inadequate where natural power was used. 


RENSSELAER POLYTECHNIC INSTITUTE 


ln celebration of the ninetieth birthday of Rensselaer 
Polytechnic Institute a dinner will be given on Friday even 
ig. February 6, at the Hotel Biltmore, New York City. 
at which the guests of honor will be the presidents of the 
American Society of Civil Engineers, The American So 
ciety otf Mechanical Engineers, the American Institute of 
Electrical Engineers. the Ameriean Institute of Mining 
Engineers, and the Society of Naval Architects and Marine 
Engineers, and other distinguished engineers and repre 
sentative men identified with engineering development. 
There will be addresses by men of national reputation, who 
ean speak with authority upon the value of engineering 
service and upon the opportunities, responsibilities and 
obligations of engineers im this era of progress and develop 
ment. The members of The American Society of Mechan- 
ical Engineers are invited to attend. E. N. Sanderson, 
Mem.Am.Soe.M.E.. is chairman of the committee in charge. 


PURDUE UNIVERSITY 


The Purdue Student Section was addressed on January 
14 by O. C. Berry, laboratory instructor in the School of 
Mechanical Engineering. Mr. Berry has spent several 
years in study and experiment with gas producers as ap 
phed to power uses, and took tor his subject the General 
Development and Construction of Power Gas Producers. 


LELAND STANFORD JUNIOR UNIVERSITY 


The Stanford Mechanical Engineering Society is pursu- 
ing the plan of holding joint meetings with the student 
branch of the American Institute of Electrical Engineers, 
the Civil Engineering Society, and the Geology and Mining 
Society. On November 21, George M. Brill, Mem.Am.Soce. 
M.E.. presented a paper on the Engineering of Manufae- 
turing Plants, and on December 4. A. H. Babcock, chief 
electrical engineer of the Southern Pacitic Company, spoke 
on the Electritieation of the Tehachapi. 


SYRACUSE UNIVERSITY 
(. W. Chandler spoke at the meeting of the Syracuse 
University student branch on December 22, taking as his 
topic Locomotive Valve Gears. He deseribed briefly the 


Stephenson link, radial gear, Baker motion, Marshall gear, 
and the Walsheart gear, explaining the last at some length. 


UNIVERSITY OF ILLINOIS 


At the meeting of the student branch of the University 
of Illinois on December 12, Professor Harding gave a talk 
on Linoleum Plants, Their Operation and Design. He spoke 
of the proper selection of the location of the plant and the 
actual operation of it. Numerous views of the machines 
used, some of which he had designed, were shown. 

UNIVERSITY OF KANSAS 

The University of Kansas Student Section held its fifth 
annual meeting on December 11, which is the date of the 
formation of the section. At the morning session, Dean 
Walker gave the greetings of the University, and three 
papers were presented: Compressed Air Equipment, by 
Bb. B. Brewster of the Sullivan Machine Company, St. 
Louis, Mo.; Survey of Alloy Steels, by Professor Whitaker 
of the department of metallurgy; and Producer Operating 
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and ‘Testing, by Prof. A. A. Potter, Mem.Am.Soe.M.E., of 
Kansas State Agricultural College. In the afternoon, pa- 
pers were given on the Engineer of Today, by Louis Bendit 
ot the Hope Engineering Company, St. Louis; Senior In- 
spection Trip, by W. J. Maleomson, senior student; Lost 
Motion, E. B. Black, of Worley & Black, Kansas City, 
Mo.; Oil Engines, I. L. Weakley of the De La Vergne 
Machine Company, Kansas City, Mo.; and Efficiency of 
Power Transmission through Universal Joints, by Earl 


Carson, senior student. A dinner was given in the evening 
at which Prof. F. H. Sibley, Mem.Am.Soc.M.E., acted as 
toastmaster, and brief remarks were made by Professor 


Walker, L. C. Angevine, Louis Bendit, Clyde Marris, A. H. 
Sluss and F. L. Weakley 

On January $8 several papers and reports were read, one 
on a big irrigation project now under way in the beet-sugar 
fields at Garden City. Kans... by S. Faircluld; one upon a 
new engine designed tor the Wright ae roplane, by I. Hart 
man: and others por the design of ice plants, by Maleolm 
MeCune; and on Navigating Barges with Producer Gas 
Engines, by ©. T. Potter. 


UNIVERSITY OF MISSOURI 


Dr. Charles Klwood vive a talk betore the Missoun Uni 


versity student branch on December 15 on Sociology as 
Apphied to Engineering, especially in the field of efficieney 
engineering and selentifle management. 

UNIVERSITY OF WISCONSIN ‘ 


At the regular meeting of the student branch of the Umi 
versity ol Wisconsin on January S the following officers were 
elected; M. A. Cook, chairman, J. A. Llinckley, viee-chair 
man, KR. E. Maurer, secretary, R. S. Dewey, treasurer. 


UNIVERSITY OF NEBRASKA 


Prot. C. L. Dean gave an address before the University 
of Nebraska student section on January 14, on the West 
inghouse Air Brake, in which he traced its development. 

On December 17 E. Bignell. superintendent of the Lin 
eoln division, C. B. & Q. Kh. R., and the inventor of a new 
pile. spoke before the University of Nebraska student see 
tion on the Hydraulic Sinking ot Conerete Piles. He related 
his experiences with the Platte and Missouri rivers, which 
almost every year washed out a portion of their bridges, and 
the use of the concrete piles to prevent this. W. O,. Forman, 
efficiency inspector at the Burlington shops, also gave a short 
explanation of how the piles are made, and C. H. Gerber, 
state engineer, spoke upon the old and new style of bridges 
for the shallow Nebraska rivers. Moving pictures of the 
handling and sinking of these piles were then shown. The 
meeting was the largest so far beld at the University 


WASHINGTON UNIVERSITY 


At the meeting of Washington University Student Braneh 
on October 16 the following oflicers were elected: A. ©. 
Sehleitfiarth, chairman, Ohver Mann, vice-chairman. W. 
Seigrist, treasurer, James A. Watkins, Jr., secretary. 

On October 30 Walter Seigrist. senior student, read a 
paper on the Efficiency of Emery Wheels, based upon tests 
and experiments which he had made. A general diseussion 
tollowed. 

At the meeting of December 2, A. ©. Sehleitfarth, senior 
student, read a paper on Boiler Rules and Regulations, in 
which he compared in detail the requirements of the different 
states, cities and the United States steamboat service. Spe- 
cial attention was paid to the necessity of a universal boiler 
law. 

The meeting of January 13 was a joint meeting with the 
student branch of the American Institute of Electrieal Engi- 
neers. Hans Weichsel. chief engineer of the Wagner Elee- 
tric Company of St. Louis, presented a paper on Electric 
Starters for Automobiles, which he illustrated with lantern 
slides showing various views of the starter and its construe- 
tion. 
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EMPLOYMENT BULLETIN 


The Society Cousiaers it a special obligation and pleasant duty to 
be the medinm of securing positions for its members. The Secretary 
gives this bis personal attention and is pleased to receive requests 
both for pesitions and for men. Notices are not repeated except upon 
special request. Names and records, however, are kept on the office 
list three months, and if desired must be renewed at the end of such 
period. Copy for the Bulletin must be in hand before the 12th of 
the month. The published list of “ men available” is made up from 
members of the Society. Further information will be sent) Upon 
application, 


AND 


POSITIONS AVAILABLE 
1223 Member holding patents on dispensing device and 
carbonating machine desires to come in contact with manu- 
facturing house, who will place these patents on the market; 
inventions are original and highly thought of by engineers. 
Apply through the Society. 


100 General manager and sales agent wanted for rivet 
and bolt business with increasing possibilities in the Middle 


West. Address P. O. Box 1974, Boston, Mass. 
102. Two young technical graduates wanted in the main- 


tenance department of New York concern. 


105 High grade engineer, sales manager of mechanical 
experience and ability, technical education and able to direct 
advertising department and look after domestic and foreign 
sales of large shop with new equipment and employing 1500 
men. Excellent opportunity and future for the right man. 


106 Superintendent of plant and equipment in well estab- 
lished company having been in business 30 years manufac- 
turing large quantities of small interchangeable parts, stamp- 
ings, castings and screw machine parts; man with at least 
five years executive experience. Apply through the Society. 


107 Concern marketing automatic machinery of interest 
to any trade shipping or packing granular products such as 
coffee, grain, soap powders, ete., desires to obtain agents to 
work on commission in the large cities of the United States. 
Applicants should state definitely what experience they have 
had with automatic packing machines and firms with whieh 
they have been connected. Apply through the Society. 


110 Assistant time study man and rate demonstrator, who 
can operate machine tools and experienced in figuring time 
standards tor manufacturing operations both by observation 
and experiment. Position pays $25 per week or if applicant 
has unusual experience in line of work and special rapidity 
and efficiency will pay more. Location Buffalo. 


111 Only men of exceptional ability in design of new 
metal-working and electrical machinery will be considered; 
must be able to improve machines and tools now in use, to 
handle men, gain and hold their confidence and secure their 
best efforts. Preferably, but not necessarily, a college grad- 
uate, with knowledge of construction of motor-driven ve- 
hieles and their component parts. Employing company one 
of the largest in its field. Location middle west. Address 
C. B. R., 730 Citizens Building, Cleveland, Ohio. 


MEN AVAILABLE 


40 Position desired as plant manager, or supervisor of 
economical and efficient operation. Formerly associated in 
professional efficiency work with noted engineer. Later plant 
manager, director of economical operation all plants of cor- 
poration; left voluntarily to engage independently as ef- 
icieney engineer. Desires permanent relationship with large 
manufacturing organization. Opening salary, $4000 per 
annum. 


41 Member, 36 years of age, graduate mechanical en- 
gineer, 15 years broad and general experience in designing, 
estimating and constructing various types of mill buildings, 
factories, railway shops and power stations; thoroughly 
familiar with all kinds of building construction. At present 
employed as superintendent on a contract job. 


42 Sales engineer, experienced in handling high-grade 
specialties in power transmission and machinery lines; known 
to machinery and supply trade of United States and Canada 
for past eight years. 


LIBRARY 
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45 Member, long experience with development and testing 
of a well-known make of gas engines, passing on the en 
gineering points in hundreds of gas engine contracts and in 
charge of many difficult trouble cases. Applicant desires a 
new position with broader outlook. Would undertake steam 
or gas engine power plant design and operation. 


44 General utility executive, technically educated as a 
mechanical engineer, who, under the titles of assistant viee- 
president and secretary, has served as a general utility man 
tor well-known manufacturers of machinery; duties includ- 
ing sales, advertising, development of new ideas, pushing out 
work and general oflice management; seeks a responsible 
position where a wide engineering knowledge will be of value. 


45 Member, technical graduate, mechanical and electrical 
engineer who has had broad experience in machinery design. 
development and manufacture, as designer, chief engineer. 
and works manager, seeks executive position with manutac 
turer of electrical or mechanical apparatus, as mining ma 
chinery. leply through the Seeretary. 


46 Member, graduate mechanical engineer, patent expert, 
experienced in the design and manutacture ot electrical ma- 
chinery and apparatus and mining machinery; the develop- 
ment of methods and processes of manufacture: the handling 
materials and general industrial engineering. wishes to be- 
come associated with engineering firm having supplemental 
talent and experience. Reply through the Secretary. 


47 Mechanical engineering graduate, three years shop, 
drafting and office experience. Desires position with future. 
Willing to start low; preterably commercial or executive 


work. Age 25; single; location immaterial. Good references. 


48 Junior, B. 8. and M. E., University of Wisconsin; 
five vears experience in design and manutacture ot marine 
and stationary gasolene and oil engines. Age 25. At present 
employed. A good proposition requiring ability and re 
sponsibility is desired. 


49 Member, age 40, specialist in mechanical movements 
and contrivances, gearing and automatic machinery tor spe- 
cial work, would like a position with manufacturing concern 
desiring a man who will make a study of their machinery and 
methods, suggest more eflicient and economical ways of doing 
things, invent and design new machines or attachments, and 
in general improve the quality of the product and deerease 
costs through the introduction of better mechanical equip- 
ment. At present employed in similar capacity. 


50 Member, age 40, nine years experience in the teaching 
of mechanism, descriptive geometry, drawing. and engineer- 
ing mathematics; six years practice in mechanical engineering 
work; author of texts in descriptive geometry and mechanism, 
and articles in engineering journals, successtul as teacher, 
lecturer and manager, desires position in university or teel 
nical sehool. 


51 Mechanical engineer, holding manageria’ position, 
desires connection with manufacturing concern where execu- 
tive and administrative ability may be coupled with technical 
training. Experience covers seven years in toreign and 
domestic sales. Advertising considered where above quali- 
fications offer opportunity. 


52 Member, 38 vears of age, desires position as superin- 
tendent or factory foreman, practical machinist, ten years 
experience in charge of shops and departments; competent 
to organize; thoroughly familiar with all modern manufae- 
turing methods and systems. Location immaterial. Best 
references. 


53 Member, with broad experience in mechanical and 
structural steel engineering; having energy and _ business 
ability; invites correspondence with firms desiring represen- 
tation in Minneapolis or St. Paul. 


54 Member, graduate M. E., age 35, employed at salary 
of $4000, exceptionally successful in handling men, having 
broad experience in operating, service, maintenance, construc- 
tion and design, desires position offering opportunity for 
wider field of activity than the present one. 
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55 Member, engineer, 34 years old, married, Englishman, 
having technical training and a tluent knowledge of the Rus- 
sian and German languaves, with experience in all classes of 
heavy and light tools, and all types of power plant ma- 
chinery, wishes to represent in Russia a large American con 
cern. Experience in the United States with the largest firms 
covers a period of 12 vears and embraces purchasing, sales, 
operation and design. 


56 Member, 34 years old, technically trained, for the 
last seven years in a responsible position with a large in- 
dustrial concern; experience covers research work, operation, 
design and construction, desires to connect with a progressive 
industrial or publie service company in the capacity of an 
engineer executive who ean investigate and analyze conditions 
with the idea of developing and improving a property. Com- 
plete details and references upon application. 


57 Technical graduate, age 40, thoroughly familiar with 
recent developments in by-preduct coke ovens; five years 
business experience as contracting engineer blast and open- 
hearth furnace and by-product coke oven construction, de- 
sires connection with concern contemplating work in this 
line. 


55 Member; desires position as works manager or gen- 
eral superintendent. Long experience in manufacturing 
shoe machinery, typewriters, firearms, and automobiles. Ex- 
perienced designer of production tools, systematizing meth- 
ods, planning, laying out and routing work through shop, 
and organizing departments for manufacturing interchange- 
able parts. 


50 Factory manager or superintendent. Experienced 
mechanic with executive ability, interchangeable manufac- 
turer; high-grade work; low factory cost. No experiment, 
results assured. New England location preferred. 


60 Junior member, graduate mechanical engineer, desires 
position as mechanical superintendent or engineer of con- 
struction, with manufacturing firm; six years experience with 
consulting engineers and industrial corporations, in design, 
construction and operation. 


61 Member desires position as works manager, superin- 
rendent. or engieer ; has made time studies a specialty. Best 


reterences, 


62 Student member, graduate mechanical engineer, one 
year's experience in construction and valuation of rail- 
roads and six months in large manufactory, would like posi- 
tion where permanence and advancement may be looked for- 
ward to. At present employed. 


63 Member, age 36, technical graduate, ten years com- 
mereial experience and five vears teaching, now lecturing on 
heat engineering and in charge of mechanical engineering 
laboratory in post-graduate department of eastern school, 
wishes to change. Preters associate professorship in an 
institution which has a man to handle machine design and 
applied mechanics, that he may continue his present special- 
ization; but has had charge of department of 
engineering, and can carry whole work if desired. 


mechanical 


64 Member, experienced as general or business manager, 
iechanical engineer, salesman and executive, desires position 
with manufacturing establishment or branch house; salary 
$3000. 


65 Junior member, age 28, technical graduate in me- 
chanical engineering, experienced in power plant develop- 
ment and general mill engineering, wishes to locate with some 
progressive company as assistant mechanical engineer or 
similar capacity. 

66 Member: graduate mechanical engineer with broad 
experience in machine shop, drafting room, erecting and op- 
erating; has designed a number of successful internal-com- 
bustion engines from 40 to 100 h.p., conducted large and im- 
portant tests, acted as consulting engineer and in a manufac- 
turing business as one of the proprietors. Desires position 
as shop or sales manager of a manufacturing company. 


67 Associate-Member with technical education, supple- 
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mented by four years ol sound power plant experience, 
desires to get in touch with a firm handling a power plant 
line and having an opening as representative or assistant 
sales manager. 


68 Student member who will graduate June 1914 desires 
position with good future; four years experience previous 
to entering College; ambitious and energetic; best references; 
knowledge of several languages. 


69 Junior member, age 27, graduate mechanical engineer, 
five years experience in automobile manufacture and design, 
for the last two and one-half years in charge of experimental 
department in one of the leading automobile factories build- 
ing a high priced car. At present employed. 


70 Junior; graduate mechanical engineer; ten years prac- 
tical experience in mechanical and electrical lines, erecting 
power house equipment; master mechanic of large factory; 
past four vears with a sugar company as chief engineer in 
charge of designing, construction, maintenance and operation 
of numerous pumping plants and irrigation systems, pipe 
and power lines, superintendent of city light and water sys 
tems; accustomed to figuring costs and purchasing material. 
Kxeeutive ability and excellent references. Employed at 
present. Address: Box 106, Hamilton City, Cal. 


71 Junior; age 31; technical graduate in mechanical and 
clectrical engineering desires position of responsibility with 
‘uture. Ten years experience in design, superintendence o 
construction, operation of substations pole and tower lines, 
as well as testing electrical machinery. Also experienced in 
high voltage construction and operation. Salary, moderate. 

72 Member experienced in successful production and sale 
of mechanical equipment, seeks association with a concern in 
need of such personal services where the advantages will 
prove mutual. 


73 Junior member with experience as chief engineer, 
superintendent of steam turbine power house construction 
and operation is open for engagement; a specialist in all the 
modern boiler room economies. Age 32, married, eastern 
location preferred, but will go anywhere. 


74 Mechanical engineer, thoroughly experienced in de 
sign of precision machine tools, heavy hydraulic hoisting and 
pumping machinery; can handle men and get results; familiar 
with modern methods, and operation of alternating and 
direct current apparatus. 


75 Member, university graduate in mechanical enginee 
ing. 17 years practical experience since graduation. Age 
40. Specialist in design, construction and operation of all 
types of dredges and auxiliary plant. Seven years in sole 
charge of important dredging undertakings. Wishes to hear 
of opening as mechanical engineer or other responsible posi- 
tion, preferably with dredging firm. Highest references. 

76 Member, graduate mechanical engineer Worcester 
Polytechnic Institute, two years law study, several years ex- 
perience in charge of experimental engineering; six years as 
Chicago manager for Pratt and Whitney Company; several 
years experience in manufacturing as superintendent, works 
manager, and general manager. Is desirous of a permanent 
connection with a reliable enterprise either as general man- 
ager, works manager, or advisory and reorganizing engineer. 

77 Member, technical, 36 years of age, 14 years’ expe- 
rience in the design, erection and maintenance of steam 
power plants and manufacturing plants, desires position as 
construction engineer or mechanical superintendent with some 
large manufacturing plant. At present employed as resident 
engineer. 


78 Managing sales engineer, open for contract to build 
up business with New York as headquarters. Have special- 
ized in power plant equipment, contractors and conveying 
machinery. Practical shop and field experience; diplomatic 
and progressive. 


79 Junior member, Stevens graduate, M. E., aged 28, at 
present employed, desires position as mechanical engineer. 
Has had some years’ experience in shop work, drafting room 
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designs and engineering practice with firm designing and 
building refuse incinerators and steam power plant equip- 
ment. 


80 Member, at present employed, 18 years’ varied expe- 
rience in design and construction of machinery and buildings, 
remodeling, maintenance and operation of large industrial 
plants and equipment, systematizing of shops and processes 
along the lines of scientific management and efliciency, testing 
and general plant engineering; accustomed to handling men, 
drawing up contracts, purchasing equipment and material, 
appraising properties; desires to become identified with 
manutacturing or industrial plant of prominence in admin- 
istrative or executive position of responsibility in which his 


experience may be of value. Best of references. 


81 Mechanical engineer, technical graduate, age 30, de- 
sires responsible position. Thorough knowledge of all types 
of pumps and pumping machinery, gasolene and oil engines, 
steam engines, and sugar house machinery. Drawing room, 
erection room and engineering department experience in 
large pump manufacturing company. Sugar plantation 
work in Mexico and sales engineer in Brazil. Natural ability 
in handling men and getting results. Best of references. 


82 Associate-Member, graduate M. E., 29 years old, would 
like position with rehable concern. Experienced in design 
and construction of power and industrial plants imeluding 
surveying and some operation. Would not object to some 
drafting work; sales proposition would be considered. Salary 
according to position and location. Location no object. 


83 Member, technical graduate. desires position as works 
manager or general superintendent, experienced in foundry 
and machine shops. a good executive and manager of men. 


84 Member, M. I. T. graduate, experieneed as oflice, ad- 
vertising and sales manager wants position with growing 
concern. A congenial, permanent and eventually profitable 
affiliation more important than initial salary. 


85 Member, desires position either as superintendent, de 
signer or sales engineer, New York City or vicinity; has a 
clear record tor past work. 


86 Graduate mechanical engineer, twelve years’ practical 
experience; has made specialty of experimental research 
work in compressed air machinery; also experienced in strue 
tural work, boilers, hydraulics and magazine editorship on 
machine shop practice. Would like position as college in- 
structor in mechanical engineering; especially trained and 
fitted tor laboratory work. 


ACCESSIONS TO THE LIBRARY 


With COMMENTS BY THE LIBRARIAN 


This list includes only accessions to the library of this Society. 
Lists of accessions to the libraries of the A. I. BE. BE. and A. 1. M. E. 
can be secured on request from Calvin W. Rice, Secretary Am. 
Soc. M.. E. 

AERONAUTICS IN THE ARMY. 
on Military Affairs. 
army. 


Hearings before the Committee 
Washington, 1913. Gitt of U.S. 


AMERICAN ASSOCIATION OF COMMERCE AND TRADE, BERLIN. 
Report of 11th annual general meeting, 1913. Gift of 
association. 

AMERICAN ASSOCIATION OF PUBLIC ACCOUNTANTS. Yearbook 


1912-1913. New York, Ronald Press Co., 1913. 

AMERICAN CerRAmic Society. Trans. vol. 15. Columbus, 1913. 
Gilt of society. 

THE AMERICAN Society OF MECHANICAL ENGINEERS. Index 
to Trans. vols. 1-34; also the Journal, January-Novem- 
ber, 1913. (Manuscript. ) 

American Woops, R. B. Hough, pt. 13. Lowville, 1913. 

Arcape Unpercrounp Raitway. Report of E. L. Viele. 

BAUMATERIALIENKUNDE. vols. 1-6, 8-12. Stuttgart, 1896- 
1901, 1903-1907. 

CENTRALIZED CONTROL SYSTEM AND POWER STATION SWITCH- 
BOARDS FOR THE PANAMA Cana, E. M. Hewlett. From 
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Switchboard News, January, 1914. 
Gitt of IE. M. Hewlett. 

CHEMISCHE TECHNOLOGIE DER GESPINSTFASERN, Karl Stirm. 
Berlin, 1913. 

CONNECTICUT. BUREAU OF LABOR STATISTICS. 
and directory of labor organizations ot 
1913. Hartford, 1913. 

Bul. no. 1. Workmen's Compensation. 
ot bureau. 

EXPOSE OF THE FACTS CONCERNING THE PROPOSED ELEVATED 


Schenectady, 1914. 


Labor laws 
Connecticut, 


19 13. 


Paren'r ENTERPRISE IN THE City OF NEW 
Yor, 1866. New York, 1866. 
P. L. Bigenwald. From Bibliothek 


fiir Luttschiffahrt und Flugtechnik, vol. 12. Berlin, 
1914. 
FOWLER'S ENGINEER'S Pocket Book, 1914. 


Edited by W. H. Fowler. ed. 16. Manchester, 1914. 
Fow.er’s Mrecnanics’ and Macninists’ Pocket Book anp 
Diary, 1914. Edited by W. H. Fowler, Man- 


chester, 1914. 


ed. 6. 


These very cheap little books, containing about 550 and 450 pages 

respectively, and selling for 40 cents and 12 cents, are full of pra: 

tical data and tables. They must have wide use to be sold so cheap 

Dik GEISTIGEN MITTEL DES TECHNISCHEN ForTSCHRITTES IN 
DEN VEREINIGTEN STAATEN VON AMERICA, Conrad Mat 

Be rlin, 1913. 

Gyroscorr, J. B. Cordeiro. New York, 1913. 

Les IpensS MoperNes SUR LA CONSTITUTION DE LA M 
CONFERENCES FAITES en 1912. From Société Francaise 
de Physique. Paris, 1913. 

INDIANA ENGINEERING SOCIETY. 
Indianapolis, 1913. 

INDUSTRIAL CHEMISTRY FOR ENGINEERING StTupENTS, H. K. 

New York, The Macmillan Co., 1913. 

This college text-book has one unusual feature which commends it 


to a librarian. Each chapter bas appended an extensive bibllograpby 
his leads one to suspect that the author, who is a professor of in 
dustrial chemistry in the University of Washington, requires his stu 
dents to examine the Hterature of each subject. a plan too seldom 
followed in technical schools, 


seh ISS. 


1913 


33d annual 
Gift of soe tetu. 


report, 


Benson. 


INTERNATIONAL CONGRESS 
(15). Trans. 
ington, 1915. 

KONTROLLE DER MALZERED UND 
(@. Jakob. From Oldenbourgs 
othek, vol. 19. Miichken, 191 

Die KUGELLAGER UND IHRE VERWENDUNG IM MASCHINENBAU. 
W. Abrens. From Einzelkonstruktionen aus dem Mas 
chinenbau, pt. 4. Berlin, 1915. 

LABORATORY ENGINEERING, H. G. Taylor. London, 1913 

Laying Our ror Bou.eR MAKERS AND SHEET Wor 
KERS. ed. Vew York, 1913. 


ON HyYGteNe AND DeMOGRAPHY 
vols. 2 and 3, pts. 1-2: vol. 4. Wash 


SRAUEREI ARBEITSMASCHINEN, 
Technische Handbibh 


LEGONS SUR LA THEORIE DES NompBres, A. Chatelet. Paris, 
1913. 

LOUISIANA ENGINEERING Society. Ofticers and Members. 
1913. Gitt of the society. 


MANUFACTURE OF REINFORCED CONCRETE PoLEs, PILes anp 
Piee wirnout tHr Usk or Forms, R. M. Jones. Denver. 
Gift of author. 

Master Car aNd LOCOMOTIVE PAINTERS’ ASSOCIATION. Proe. 
44th annual convention, 1913. 1973. Gitt assoe1ation. 

Mopern Gas Tractor, Its Consrruerion, Urinrity, Opera 
TION AND Repair, V. W. Pagé. New York, (914. 

NATIONAL ASSOCIATION OF CAR SERVICE MANAGERS (now 
known as American Association of Demurrage Officers ) 
Proe. 1891-1894, 1896-1899, 1901, 1902, 1905-1906, 1908 
1910. Gift of association. 

NATIONAL CONSERVATION ConGress (5th). Forestry Com 
mittee. Closer Utilization of Timber. Washington, 1913. 
Lumbering. Washington, 1913. Gift of Calvin W. Riee. 

Or Propvoetion Metrnops, P. M. Paine and B. K. Stroud. 
With a chapter on Accounting Systems by W. F. and W. 
B. Sampson. San Francisco, Western 
Publishing Co., 1913. 

A book for the practical man. After 50 pages on the distribution, 
property and uses of petroleum, the remainder of the book is devoted 
to the practice of oil-well drilling, going into extreme detail. The 


last chapter is devoted to accounting systems. The book describes 
California practice. 
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PRACTICAL MARINE ENGINEERING FOR MARINE ENGINEERS AND 
STUDENTS. ed. 3. New York, 191i. 

PRINCIPLES OF THERMODYNAMICS. G. A. Goodenough. ed. 2. 
Vew York, 1912 

EARRANGEMENT AND DEVELOPMENT OF THE RalLroap 
TERMINALS OF THE City oF Citeaco. Report on, B. J. 
Arnold. Chicago, 1913. Gitt of author. 

SERHAPENBAU, FLW. Otto Sehulze. vols. and 2.) Berlin, 


4 

STADTISCHE Gasrournerz, Paul) Brinkhaus 
Oldenbourgs Teehnisehe Hlandbibliothek, vol. 1s. Vien 
hen. 191 

CHNISCHE Hans Lorenz 
Lehrbueh der Technischen Phveik, Vunchen, 

INTERSTATE CoM MeRCE CoMMIssION., 2d Annual Re 
prort, November 1, 1913, of the Clhiet spector of Loeo 
motive Boilers Washington, } Catt « 

Western Ramway Chur. Proe. 1912-15 Chica 
of elub. 

ZAUNRADER. Raider mit sehraven Z eu. A. Seluebel. pt. 2 
Krom Einzelkonstruktionen aus dem Mase enbau. pt 
Berlin, Central des Associations Inter 
nationales, 

| \l sit Ix NATIO \ Notice-Catalog ie. Publeation 
o. Zia 

NATIONAL CENT Publieatio OO, 10] 

La Vik INTERNATIONALE. vol. 4. nos. 2-4. Bravell 

EXCHANGES 
RICAN Raibway Assoct Pree. 
annual convention, vol. 14. 19) 
ron OF Gas ENGINEERS. Trans. 191 London, 19 
SSTITUTION OF NAVAL ARCHITECTS. Trans ol, 30, pt. 2 
/ 
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PRADE CATALOGUES 
wRTON Co... New York, N.Y. Cat. ne. 26. rubber 


stamps, numbering machines, ink pads, ete.. 152 pp. 


iN Spray Pump Co., Cleveland, O. Cat spray 
pumps and accessories, 47 pp. 
ss. OW. Co. Brooklyn, N.Y. Approximate diameter 
of blanks tor shells trom in. diameter by im. 
to 12 in. diameter 12 in. high. 

Horting Machinery Co., Clersland, O. Brown 


homwt 
NER ACHINE Beloit, Woes. Gsardne. evrinder, No 
venber-December 1015, 


Miva. Co... Neneca lealls, Ny $23, ad 


eranes, 


justable stroke pump. 

INGERSOLL-Ranp Co., New York, N.Y. Story ot rial 
air compressor, 

Mesta Macnine Co., Pittsburgh, Va. Bal. K. gears and 
rolling niall pinions. 

Stroker Co. or America, Chicago, IIL Publicity 
magazine, December 1915. 

Exvecrric Ligut & Power Co.. St. Louis. Mo. Union 
electric bulletin. August 1915. 

UNITED ENGINEERING SOCIETY 
Carnorrre, THe PrincipaL Source or Rapium. T. F. V. Cur- 
ran. New York, 1973. Gitt of Curran & Hudson. 
Historie Priorrries Lyxx. And address given at the 
dedication of the society house, Lynn Historical Society, 
October 9, 1913, C. J. H. Woodbury. Lunn, 1915. Gift 

of C. J. H. Woodbury. 

Mercantite Marine Arias. Edited by George Philip. ed. 
4. New York, 1973. 

ReLation Or West Coats To THE Panama CANAL. 
Address of Ex-Governor W. A. MacCorkle before the 
West Virginia Coal Mining Institute. December 8, 1913. 
Gift of West Virginia Coal Mining Institute. 


LIBRARY AFFAIRS 


STREET Dirkcorory oF THE PRINcIPAL Ciries OF THE UNITED 
STATES, EMBRACING OFFICES ESTAB- 
LISHED TO April 1908. ed. 5. iashington, 

Test or a 40-Fr. Retnrorcep Concrete Highway Bripce, 
D. A. Abrams. Gitt of author. 

Worus Far Louisiana Purehase Exposition, 
Gaitt of St. Louis Puble Library. 


oF INTERNATIONAL Sarery Exuipirion, 1913 


AND Orner Employee RELATIO 
OUTLINE OF EpUcCATIONA Courses, 115-1014. Veu 
York Edison Company, 
A Nation’s Necuecr, M. A. Low. 
RESUSCITATION rROM Stock. C. A. Lauffer. 
Sarery. vol. 1, no. 3, August 19153. 
stor, Loox, Listen, F. V. Whiting 


EXPERIMENTS ON THE FLOW OF AIR 
OR GAS IN) PIPES 
Partial 


Prepared in the Library of the Engineering Societies 


Piror Tunes ror Gas Measurement, W. C. Rowse. 
can Society of Mechanical Enagimeers, Journal. Septem 
ber LOLS, J}. 1321-1380. With references in the foot 
notes, 

UNTERSUCHUNG UBER DIE LUFTVERTEILUNG EINER VERZWEIG 


rEN EXHAUSTORANLAGE, D. Eie and H. Ovenbere. Zeit 
des Veremes Deutscher Ingenieure, December 6, 1913. 
pp. Abstract American Society of Me 
chanical Engineers, Journal, February 1914, 

Powrr SUPPLY ON THE Ranp, A. E. Hadley. Jnstitution of 
electrical Eenginecrs, vol. 51, no. 220, pp. 2-31; diseus 
sion 3] DS, Abstract im lmerican NSociety of 
Vechanical Engineers, Journal, January 1914, 1). OLS. 
Monthly tests were made of the compressed air system. 

MEASURING THE FLOw or Atk IN Pipes, G. G. Crewson 
Compressed lyr, vol. 17. pp. 6656-6638, December 1912 

PropneMs IN Gas ENoineerine, Thos. R. Wey 
mouth. Imerican Society of Mechanical Enaineers 
Trans., Vol. 54, pp. 185-231; discussion pp. 251-234, 1912. 
Mention is made of various experiments on the flow of 
air in pipes 

MEASUREMENT OF Fan Work, Charles H. Treat. 
Socwty of Mechanical Engmeers, lrans., vol 
O4, pp. diseussion pp. 1046-1054, 1912. 
The author discusses the use of the piteot tube for fan 
testing, but the average velocity of tlow in a pipe is 
brieliy considered. 

Some DeveLorMENTS IN Gas MEASURING APPARATUS. 
C. Thomas. Imerican Gas Tustitute, vol. 7. pp. 340- 
381, 1912. 

THe Resistance ro THE FLow or Air THrovcu Prees, A 
H. Gibson. Engineering (London), vol. 94, p. 703, No 
vember 22, 1912. 

THe Prror Tuse apeuiep TO THE MEASUREMENT OF AIR, Le: 
Loeb. American Society of Varal Enameers, vol. 24, 
pp. 1115-1145, 1912. A record of tests undertaken to 
determine the ratio of average velocity to center velocity 
at velocities between 1000 and 3000 ft. per minute. 

Sur WECOULEMENT DE DANS LES CONDUITES DE VEN- 
TILATEURS, Ch. Reignier. Technique Moderne, February 
15, 1912, pp. 129-135. Deseribes methods of determin 
ing the mean velocity of flow, with examples from a 
test. 

RESONANZERSCHEINUNGEN IN DER SAUGLEITUNG VON Kom- 
PRESSOREN UND GaASMOTOREN, P. Voissel. Zeit. des 
Vereines deutscher Ingenieure, vol. 56, pp. 720-722, 1912. 
Abstract in -lmerican Society of Mechanical Engineers, 
Journal, August 1912, pp. 1248-1250. 

FLow oF Gas in Mains, J. W. Batten. American Gas Insti- 
tute, Proc., vol. 6, pt. 1, pp. 369-396; discussion pp. 
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396-400, 1911. American Gas Light Journal, March 4, 
1912, pp. 148-155. 

THe MEASUREMENT OF Gases, Carl C. Thomas. Franklin 
Institute, Journal, vol. 172, p. 411-460, 1911. 

THe FLow or Gas THROUGH SMALL Pires. Engineering 
Record, vol. 62, pp. 384, 1910. Abstract of account 
published in the Journal of Gas Lighting of experiments 
made by D. Chandler, under the direction of Charles 
Carpenter. 

FRICTION IN SMALL AiR Pipes, E. G. Harris, Albert Park 
and H. H. Peterson. School of Mines and Metallurgy, 
University of Missouri, Bulletin, September 1910. From 
data collected for a thesis. Abstract in Mining Science, 
November 17, 1910. 

THE FLOW OF GAS THROUGH AND OUT OF SMALL Pipgs, T. 
Holgate. Gas World, vol. 53, pp. 293-297, 1910. Ex- 
amples showing that in computations, separation of pres- 
sure expended in efflux and flow is essential. 

AN INVESTIGATION OF THE RESISTANCE TO THE FLOW OF AIR 
THROUGH A PIPE, WITH THE DEDUCTION AND VERIFICA- 
TION OF A Rationat A. H. Gibson. Philo- 
sophical Magazine, vol. 17, ser. 6, pp. 389-402, 1909. 

ON FRICTIONAL RESISTANCES TO THE FLOW OF AIR THROUGH 
A Pipe, John H. Grindley and A. H. Gibson. Royal 
Seciety of London, Proc., vol. 80, ser. A, pp. 114-139, 
1908. 

UNTERSUCHUNGEN UBER DEN AUSFLUSS KOMPRIMIERTER 
Lurr KaAPILLAREN UND DIE DABEL AUFTRETENDEN 
TURBULENZERSCHEINUNGEN, Dr. Ruckes. Zeit. des 
Vereines deutscher Ingenieure, vol. 52, pp. 2065-2068, 
1908. Experiments on the flow of compressed air in 
very small pipes. 

UNTERSUCHUNGEN UBER DEN STROMUNGSEIDERSTAND DER 
GASE IN FERADEN ZYLINDRISCHEN ROHRLEITUNGEN, Dr. 
Fritzsche. Zeit des Vereines deutscher Ingenieure, vol. 
52, pp. $1-91, 1908. Abstract of report in Mitteilungen 
iiber Forschungsarbeiten. Gives results of experiments 
to determine the influence of velocity, temperature, pres- 
sure and tube diameter. ‘he first table gives a list of 
previous investigations. 

I:XPERIMENTS WITH VENTILATING Fans AND Pires, D. W. 
Taylor. Society of Naval Architects and Marine En- 
gineers, Trans., vol. 13, pp. 9-13; discussion pp. 43-70, 
1905. 

EXPERIMENTS WITH THE Piror TUBE IN MEASURING THE 
VELOCITIES OF GASES IN Pipes, R. Burnham. Engineer- 
ing News, vol. 54, pp. 660-662, 1905. 

Tests OF THE FLow or Hich Pressure Gas. Journal of 
Gas Lighting, vol. 92, pp. 750-751, 1905. Abstract of 
paper by H. L. Price before the American Gas Light 
Association. 

FLow oF Gas IN Pipes, J. D. Shattuck. American Gas Light 
Journal, vol. 82, pp. 648-650, 1905. Report of com- 
mittee at meeting of Ohio Gas Light Association. 

oF Arr tN Pipes, J. H. Kinealy. American 


Society of Heating and Ventilating Engineers, Lrans., 
vol. 11, pp. 188-96; discussion pp. 196-198, 1905. 

VERSUCHE UBER DEN WIDERSTAND BE] BEWEGUNG DER LUFT 
IN ROHRLEITUNGERE, H. Rietschel. Gesundheits In- 
genieure, July 1905. 

Low OF AIR IN PIPES AND THE TRANSMISSION OF POWEK BY 
Compressed Air. Mines and Minerals, vol. 25. 616 
G17, 1905. 

Morion OF GASES IN PIPES, AND THE Use OF Gaces TO 
TERMINE THE Detivery, Richard Threlfall. Jnstitution 
of Mechanical Engineers, 1904, pt. 1-2, pp. 245-296, 
discussion pp. 297-312. 

PRACTICAL OBSERVATIONS ON THE FLOW OF GASES IN Pires, 
L. P. Lowe. American Gas Light Journal, vol. 81, pp. 
483-486, 1904. Paper read before Pacific Coast Gas 
Association. 

A Discussion oF Lepoux AND UNWIN’s FORMULAE FOR TI 
FLow oF AIR IN PIPES, WITH REFERENCE TO HEATING 
AND VENTILATING, H. Diedericks. Sibley Journal of 
Engineering, vol. 16, pp. 312-320, 1902. 

I.XPERIMENTS MADE BY THE Prussian MINING (COMMISSION 
IN 1884 ON THE MEASUREMENT OF AIR IN A PIPE BY 
DIFFERENT METHODS, FROM A LARGE ArR-HOLDER AT THE 
Brestau Gas Works. Institution of Civil 
vol. 122, pp. 281-282, 1894-1895. 

MEASUREMENT OF THE VELOCITY OF AiR IN Pires, Bryan 
Donkin. Institution of Civil Engineers, vol. 111, pp. 
345-351, 1892-1895. 

Yue COEFFICIENT OF FrRicTION OF AIR FLOWING IN) LONG 
Pires, W. C. Unwin. Institution of Engineers, 
vol. 63, pp. 297-300, 1880-1881. 


BOOKS 


CARPENTER, ROLLA C. Heating and Ventilating Buildings. 
Ed. 5. New York, Wiley, 9111, pp. 48-51. 

CuurcH, Irvinc P. Mechanics of Engineering. Revised ed. 
New York, Wiley, 1908. Chap. 8. Kineties of gaseous 
fluids. 

Harris, E.uo G. Compressed Air, Theory and Computa- 
tions. New York, McGraw-Hill Book Co., 1910. Ap- 
pendix B, pp. 118-123, contains data on friction in air 
pipes, based on various experiments. The date of each 
experiment is given, with the names of persons making 
the observations. 

Hiscox, GarpNerR D. Compressed Air, its Production, Uses 
and Applications. Vew York, Henley Publishing Co., 
1901, pp. 216-222. 

Water. The Distribution of Gas. Ed. 2. London, 
John Allan, preface date, 1909. 

Kent, WittraM. Mechanical Engineer’s Pocket book. Ed. 
8. New York, Wiley, 1910, pp. 591-594. 

Werspacu, Jutivs. Mechanies of Engineering; Theoretical 
Mechanics, with an Introduction to the Calculus. 
Translated from the fourth German edition by Eckley 
B. Coxe. Eighth American edition. Vew York, Van 
Nostrand, 1889, pp. 949-952. 
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PERSONAL NOTES 


John E. Sweet, Honorary Member and Past-President of 
the Society, was given the degree of Doctor of Engineering 
at the midwinter meeting of the board of trustees of Syra- 
cuse University. Following this, at a meeting of the Teeh- 
nology Club of Syracuse, resolutions were adopted express- 
ing the appreciative feeling of the local engineers, which 
fittingly represents also the views of the larger circle of 
engineers throughout this country and abroad, who are 


numbered among his friends: 


Whereas, a member of this Club, eminently distinguished 
and of international fame in his profession, on the 10th 
day of January, 1914, received from Syracuse University 
the honorary degree of Doctor of Engineering, and 

Whereas, said member is held in high esteem and affec 
tlonate regard, making this mark of distinetion a matter of 
warm approval and personal gratifieation to every member, 
how therefore, 

Be it Resolved, that the Technology Club of Syracuse, 
convened in regular session this 9th day of February, 1914, 
olfer heartiest congratulations to its charter member, hon 
orary member, and first president, John Edson Sweet, upon 
this academic acknowledgment and approval of his worth 
as an engineer, an educator and a man, and permanently 
record its pride in the possession of his inspiring person 
alitv. valued helpfulness, and, best of all, his constant 
friendship. 


Prof. F. R. Hutton, Honorary Secretary, left on Febru 
ary 14 for Southern California to attend the Santa Moniea 
races, Where he will represent the Automobile Club of Ame 
ica. On his return journey he will endeavor to visit some of 
the Student Branches of the Society, as Chairman of the 


(Committee on Student Branches. 


Lewis D. Freeman has resigned as chief draftsman ot 
the Kansas City Southern Railway Company, Pittsburg. 
Kan., to accept the position of mechanical inspector of thie 
Seaboard Air Line Railway, with headquarters at Ports 


nouth, Va. 


Nobert A. Wilson has accepted a position as master 
mechanie of the Producers Oil Company, Houston, Tex. 
lle was formerly connected with the Ohio Works of the 
Carnegie Steel Company, Youngstown, Ohio. 


Perry J. Freeman has left the service of the Gullett Cot- 
fon Gin Company, Amite, La., and is now conneeted with 
the Kansas State Agricultural College, Kanhattan, Kan.. 
us instructor in charge of applied mechanies and hydraulics 
laboratory. 


Prof. A. R. Acheson, head of the department of mechan- 
ical engineering of Syracuse University, has been appointed 
consulting engineer for the Bureau of Gas and Electricity 
of Syracuse. Professor Acheson will not sever his eonnee- 
tons with the University, but will devote only part of his 
time to the work of the bureau. 


Wilbur N. Sar Vant has severed his connection as assistant 
engineer with the American Process Company, New York, 
to accept the position of mechanical engineer of the Hun- 
sicker Engineering Company, Lebanon, Pa. 


LIBRARY AFFAIRS 


STUDENT BRANCHES 
CARNEGIE INSTITUTE OF TECHNOLOGY 
A meeting of the Student Branch of the Carnegie Insti- 
tute of Technology was held on January 14. The paper 
of the evening, Hydraulic Forging Presses, was presented by 
Mr. Noble of the class of 1909, who deseribed the construe- 
tion, operation and relative merits of the more representative 
types of hydraulie forging presses being built in this coun- 
try and Europe, and pointed out the advantages to be de- 
rived by the use of hydraulie presses instead of steam ham- 
mers. The paper was illustrated by lantern slides, 


CASE SCHOOL OF APPLIED SCIENCE 


Willard Beahan, first assistant engineer of the Lake Shore 
Railroad, presented a paper on the Engineering of Men at 
the meeting of the Case School of Applied Science on Febru- 
ary 5. 

KANSAS STATE AGRICULTURAL COLLEGI 


At the meeting of the Council on February 13, permission 
was granted for the formation of a Student Branch at the 
Kansas State Agricultural College. 


LEHIGH UNIVERSITY 


On February 10 the Lehigh Mechanical Engineering So 
ciety held a meeting at which papers were presented on the 
Ihiesel Motor, by George F. Nordenholt (Student 1914), gin 
ing the history of the motor and deseribing some installations 
he had seen while abroad; and on Heating and Ventilating, 
by KR. L. Spencer of the mechanieal engineering department, 
developing several formulae on the subject and showing their 
use. 


POLYTECHNIC INSTITUTE OF BROOKLYN 


The monthly meeting of the Polytechnic Institute of 
Brooklyn Student Branch was held on February 7, the sub 
Ject for discussion being the features of the Inspection trip 
recently made to Schenectady, Buffalo, Niagara. Seranton 
and Wilkes-Barre. Impressions of the power plant of the 
Rensselaer night boat were given by Frederick Holingreen, 
of the American Locomotive Works by Merritt Van Valken 
burgh, of the hydroelectric plant of Niagara by George <A, 
Wieber, of the Carborundum Works and the Shredded Wheat 
Bisenit Company by David Bonavety, of the General Elec 
tric Works by Paul Newman, and of the coal mines of Seran- 
ton by George A. Mebor. 


UNIVERSITY OF CALIFORNIA 


At the meeting of the Student Branch of the University 
of California on January 27, an illustrated lecture was given 
by Bert Barr on the Machinery of the Panama Canal. 

UNIVERSITY OF CINCINNATI 

The University of Cincinnati Student Branch was ad- 
dressed at its meeting of January 20 by Parker H. Kemble 
on the Construetion of the Brooklyn Subway. The impor- 
tant difficulties incident to the construction were discussed 
and the methods of their attack briefly outlined. Slides show- 
ing views of the work during the different stages of devel Pp 
ment and of novel “ hitch-ups ” were used to supplement the 
lecture. 


UNIVERSITY OF KANSAS 


Kansas, Prof. A. J. Boniton of the economies department 
gave an address on Recent Industrial Legislation. in whieh 
he diseussed at some length the new svstem of banking, ex- 
plaining the need, its organization, method of operation and 
its probable effect on business. While somewhat out of the 
engineering field, the address created much diseussion and 
aroused the interest of the members. 


On January 22 the Student Branch of the University of 


UNIVERSITY OF NEBRASKA 
The Student Branch of the University of Nebraska held 
a meeting on February 3 at which Prof. P. K. Slaymaker 
gave a talk on the Manufacture of Iron in whieh he briefly 
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deseribed the character and value of the ores and where 
they are mined. He outlined some of the many difficulties 
experienced in designing a good working turnace and showed 
the general layout of a blast furnace plant with the ore 
handling apparatus. 
YALE UNIVERSITY 

At the meeting of the Yale Student Braneh on December 
16, Frank Gilbreth gave a talk on how to obtain least waste 
and minimum movement of operator for each operation, 
which was illustrated by lantern slides. 


EMPLOYMENT BULLETIN 


The Society considers it a special obligation and pleasant duty to be the 
medium of securing positions for its members. The Secretary gives this his 
personal attention and is pleased to receive requests both for positions and for 
men. Notices are not repeated except upon special request. Names and records, 


however, are kept on the office list three months, and if desired must be renewed 
at the end of such period. Copy for the Bulletin must be in hand before the 
12th of the month. The published list of “men available’ is made up from 


members of the Society. Further information will be nt upon application 


POSITIONS AVAILABLE 


1210. Sales engineers; applications invited from young 
men 30 to 35 years old who have had thorough machine-shop 
training, preferably in tool making, design, and with some 
experience in selling; technical education preferred. 


112 Senior draftsman, three or fours years’ experience in 
the design and supervision of construction of isolated power 
plants, and all of the engineering work, excepting structural, 
embracing heating, ventilation, electrical and plumbing work, 
kitehen and laundry layouts, refrigeration systems, pipe lines 
and distribution systems between buildings, sewage and sew- 
age disposal systems, fire protection and work of similar 
nature incidental to institutional and building work. Loca- 
tion, Baltimore. 


113 Lubrication engineer on sale of high-grade Inbricat- 
ing oils, must have considerable experience in eonnection 
with the operation of steam engines and mill machinery; 
one who has made a specialty of studying lubrication; a 
diplomat and a good mixer. Would be expected to visit large 
plants, inspect engines and machinery in connection with the 
recommendation of proper lubricants to be used, which neces- 
sitates a full knowledge of this phase of the business. Salary 
depends upon ability of the man. 


201 Librarian for engineering library devoted to mechan- 
ical, electrical and mining engineering. Preference would 
be for one who has had some engineering training, preferably 
collegiate, who is able to translate and abstract articles pub- 
lished in technical German and French, especially in the 
former, and who can keep the library up to date, help stu- 
dents in finding references, assist members of the faculty in 
compilations, ete. Salary for present not over $1000 a year. 
Location, New York State. 


202 Technical graduate for concern manufacturing small 
aceurate electrical apparatus and motors. Work will consist of 
investigations on aceuracy and limits of aceuraey in matters 
of production, working out specifie basis for determining pro- 
duetion in regard to quantity and quality. Some chemical 
knowledge required. Applicants are requested to give de- 
tails on technical education, business experience. references, 
age and salary. Name confidential; apply through the 
Society. 


203. Busy executive of large western machine works 
wants an assistant: must he ambitious, energetic young man, 
technically trained, experienced in handling offiee details, 
correspondence, salesmen and with some personal selling 
ability. Prefer one with knowledge of wood working ma 
chinery. This is an exceptional opportunity for one seeking 
a wider horizon than possible through general shop work. 


205 Draftsman or designer familiar with proportions and 
design of Curtis turbine blading; must be eapable of laying 


out blading to seeure the best steam efficiency, including 
plotting and ealeulations. Loeation, Connectieut. Appli 
eant must have the actual experience for this work, otherwise 
useless to apply. Name confidential: apply through the 
Society. 


206 Man to settle disputes that may arise along railway 
construction work and operation. Will necessitate a great 
deal of traveling. Preference given man with knowledge of 
var building, able to act or qualify as chief ear inspector. 
Apply through the Society. 


207 An engineer, thoroughly experienced in the design 
and operation of oil engines. Should be familiar with for 
eign development and practice. State age, experience, com 
pensation. Name confidential: apply through the Society. 


208 Vice president and general manager of sales: an 
engineer of highest mechanical experience and abilitv: able 
to direct advertising department and look after domestie and 
foreign sales of large shop employing 1500 men. Name eon 
fidential; apply through Soeiety. 


209 Wanted: Tool designer with several vears’ experi 
enee on jigs and fixtures, for the produetion of small inter 
changeable parts for electrical apparatus. also typewriter 
and adding machines. Only those with practical shop ex 
perienee need apply. Applicants please state age, references 
and salary. 


210) Mechanieal engineer to take charge of nower plant 
connected with briek manufacturing eoneern having four 
factories near Trenton, N. J. 


211 Wanted: Assistant to superintendent of machine 
shop in Milwaukee. Man with technieal edueation and one 
capable of taking charge of perfecting new apparatus. State 
experience and salary desired. 


210 Wanted for the next college vear, an instrnuetor in 
machine shop practice in a large western university. Salarv 
81600. Applicant must be a skilled machinist. eanable of 
desioning and making special tools used in mannfacturing 
machinery. Familiarity with seientifie methods of shop man- 
agement is desirable. 


212) Meehanieal engineer to take charge of power plant 
connected with brick manufacturing eoncern having four 
factories near Trenton, N. J. 


2183) A voung man with technical training, whe has had 
two or three vears’ experience in the eonstruetion or opera 
tion of gas plant or eas plant machinery. wanted by a mann 
facturing firm in Middle West for installation work in this 
country on a new high-grade apparatus used in the gas in 
dustry. Good opportunity for the right man. Name eonfi 
dential; apply through the Society. 


214 New Jersey coneern are in eonstant need of men 
about fonr vears ont of eollege, willing to start at $25 a 
week as annrentices. Character the first requisire. after that 
general ability for executive and manufacturing work. Ap- 
plv through the Society. 


215 Assistant to president: bright. energetie voung engi 
neer, not over 30, with shop and drawing room experience 
and a basis of good common sense and personality. Excel 
lent training for young man who has the personality and 
ability to advance and learn the lessons from daily experi 
ences, who ean adapt himself to the snecial eonditions and 
heeome conversant with line of mannfaeture of pnenmatie 
machinery. saws and saw-mill machinery, manganese steel 
eastines. TLoeation, St. Louis, Mo. 


°16 Assistant to works manager of eoneern manufae- 
turing pneumatie machinery, saws and saw-mill machinery. 
manganese steel eastines. Reqnirements and eonditions same 
as stated in No. 215. WLoeation, St. Louis, Mo. 
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<17 Competent and trained engineer who is specialist in 
satety appliances wanted by state industrial commission of 


the Middle West. 


218 Master mechanie for Brooklyn mill; man who under- 
stands steam engineering and general repair work on ma 
chines, with shop experience; will probably pay $2000. to 
$2500, according to ability. 


219 Mechanical engineer to take the position of chief 
engineer in a rubber company’s factory. Experience in co 
struction work, executive ability. Applicant should be not 
less than 30 and not more than 45 years of age. Only men 
having practical experience need apply. Works include 
machine, electrical and carpenter shops, drafting room and 
ollive Loree. State salary expected, experience and age. 


Location, New York. 


220 Technically edueated man for catalogue work on 
can-making machinery. Applicant need not be educated in 
can-making nor can-making machinery, but must have the 
qualifieations for describing clearly the essential features 
of machines and details of operation. 


221 The sales department of a large manufacturing com- 
pany in New England is looking for a good, live, young man, 
who is well educated, has a knowledge of mechanies, and is a 
good correspondent. A graduate mechanical engineer with 
some commercial experience would be preferred. A full re- 
ply giving age, whether married or single, experience, pres- 
ent occupation, references and salary expected will receive 
attention and will be treated confidentially. Name confiden- 
tial; apply through the Society. 


MEN AVAILABLE 


100) Engineer, young, married, technical graduate with 
thoroughly practical experience in management of mechan 
ical workshops, at present employed as manager of a plant 
producing a well-known line of motor tracks, would like to 
make a similar connection with another company in any 
line of manufacture. Loeation immaterial. 


101. Junior member, technical graduate, six years’ ex- 
perience power plant eflicieney, operation, design and eon- 
struction work. Wants position as mechanical or etfliciency 
engineer. Salary $175 to $200 per month. 


102. Mechanical engineer, thoroughly experienced in de 
sign of precision machine tools, heavy hydraulic hoisting and 
pumping machinery; can handle men and get results; famil 
lar with modern methods, and operation of alternating and 
direct-current apparatus. 


103 Member, graduate mechanical engineer, desires per- 
manent connection as designing or production engineer with 
concern manufacturing gas, gasolene engines or automobiles. 
Eight years’ experience in these lines. Age 30; married. 
Can give best of references. 


104 Member, graduate of Massachusetts Institute of 
Technology; 15 years’ experience in textile manufacturing, 
mill engineering and shop management; broad executive ex- 
perience as works manager and superintendent of large ma- 
chine shop. Experienced in most advanced practice in shop 
organization. Position desired as factory manager or super- 
intendent of plant engaged in staple manufacturing. 


105 Member, now employed, desires change, capable 
mechanical engineer or chief draftsman, to take complete 
charge of drafting room designing boilers, engines, locomo- 
tives, steel cars, special mechinery, power plants and strue- 
tural work. Location immaterial. 


106 Graduate electrical engineer, nine years’ experience 
with present employer, a well-known pioneer motor truck 
manutacturer, holding positions as designing and production 
engineer, factory manager, and branch manager in charge of 
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sales through western New York and Pennsylvania. Able 
execulive, 


107) Executive mechanical engineer of wide experience, 
capable of filling position of chief engineer on large projects, 
is open lor engagement. Familiar with heavy construction 
work and the economical methods of handling materials. 
Can organize a large construction toree that will produce re- 
sults. Wall undertake any engineering work on salary or 
commission. Member, marired, age 40. 


108 Heating, ventilating and power plant, member, 28 
years’ experience, available for superintendence and design 
with architects or consulting engineers. 

109 Mechanical engineer or superintendent for large eor- 
poration, experience along broad mechanical and steam 
power lines; executive, with ability to handle large number 
ot men, or will consider proposition to act as consulting eng- 
heer, 


110) Member, desires position as works manager, superin- 
tendent, or chief inspector. Good executive, has handled 
men tor the last 12 years. Experience covers a period of 22 
years. Both large and small machinery, including printing 
presses, conveying machinery, typewriters, and ball, roller, 
and thrust bearings. Experience in organizing and directing 
Inspeclion departments. At present employed. Permanent 
position desired, 


111 High-grade electrical and mechanical engineer, 38 
years of age, first-class executive, who has headed large or- 
vanizations, both in constructional and manutacturing work. 
Has had charge of important government work as well as 
corporation work. Experienced in sales organization, de- 
cidedly aggressive and a good developer. Desires position 
with manufacturing or construction company. Apply 
through the Soci ty. 


112) Member; electrical and mechanical engineer, has had 
wide experience, building, managing, and operating elec- 
trical and cement plants; last five years in active manage- 
ment of cement plant in Middle West; can give best of refer- 
ences East and West. Will go anywhere. 

113 Junior member, age 31, single, graduate in mechan- 
ical and electrical engineering departments of large technical 
school, desires to make connection with firm where industry, 
capacity, and conscientiousness will be appreciated and re- 
warded. Applicant has ten years’ experience in operating, 
designing and constructing substations, designing steel tow- 
ers, Selling small gas engines, city railway work. Can give 
best of references, and will start at a reasonable salary. 


li4 Teacher of mechanical engineering subjects in an 
eastern university desires a change of location. Ten years 
experience. College work preterred. Salary $2000 to start. 


115 Member, sales agent with established office in New 
York City, thoroughly acquainted with mechanical and elee- 
trical equipments for manufacturing plants, broad acquaint- 
ance among architects, engineers and plant-managers, de- 
sires to correspond with manufacturers of standing to act 
as their representative in New York and Eastern territory. 


116 Junior member, 27, desires position as seale in- 
spector or designer. Has had extensive experience with rail- 
road track, wagon, and platform scales both as designer and 
sealer. Had responsible charge of scales in large plants; at 
present engaged in design and construction of seales. Loca- 
tion immaterial. 


117 Member, technical graduate, 31 years of age, desires 
position as works manager, mechanical superintendent or 
efliciency expert with company of consulting engineers or 
large manufacturing corporation; extensive training and ex- 
perience in central power station work, designing, purchas- 
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ing, Superintending construction and operating departments; 
consulting engineering work on large properties; power pro- 
duction investigations; cost reduction, experienced in mill 
and reinforced conerete construction work; at present em- 
ployed and desires a change for advancement. 


118) Mechanical engineer with complete experience from 
shop apprentice to agency manager wants position as assist- 
ait manager, assistant superintendent or production man; 
faultless record; now employed. Thorough experience in 
design of well-known, successful and high-grade suction gas 
producers and engines, Corliss engines and complete power 
plants; also transmission and special machinery and _ sales 
of same. On production work might consider small drawing 
account with bonus based on reduction made in costs. 


119 Mechanical engineer, technical graduate, age 27, 
married; four years’ experience in power plant, eflicieney and 
construction work, desires a position with reliable concern 
in the East with chance for advancement. At present em- 
ployed. 


120 Works manager or engineer, member, graduate M.E., 
experienced mechanic, with broad experience here as well as 
abroad in the design and manufacture of automobiles and 
inotors. Executive ability coupled with eflicieney and thor- 
oughness. At present is an engineer with automobile fac- 
tory. Desires position which offers an opportunity for 
wider field and greater activity. 


121 Junior member, at present employed, desires to 
change position in order to better opportunity. Two years’ 
experience in large steel works engineering department. ‘Two 
years mechanical engineer and assistant superintendent of 
electrie company in charge of construction work, building 
power plants; entire charge of engineering and construction 
departments. Machinist, thoroughly familiar with all kinds 
of machinery. Experimental engineer and thorough business 
training. Competent in estimating, designing and erection. 
Desires position as superintendent or chief engineer with re- 
sponsibility and chance for advancement. Would consider 
position with engineering concern or with consulting engi- 
heer, 


122 Member; mechanical engineering graduate; age 33; 
wishes a responsible position as teacher, preferably of labo- 
ratory subjects. At present holds such a position, but desires 
one of greater opportunities. Experience: Four years in 
shops and drafting rooms, eight years teaching a wide range 
of mechanical engineering subjects, also experience in re- 
search work and as consulting engineer. Can give best of 
references. 


123 Industrial engineer, Junior member, college and tech- 
nical graduate, five years’ experience, desires position with 
concern contemplating installation of modern and systematic 
methods of manufacturing or starting the manufacture of 
a new product; can handle men and get results. At present 
and for the past three years employed as an industrial engi- 
neer by a large eastern manufacturing corporation; work 
nearing completion, therefore desires to establish new and 
permanent connection with manufacturers desiring executive 
of energy and ability. 


124 Member, technical graduate, 1907; 29 vears old; mar- 
ried; at present employed as superintendent and master me- 
chanic. Experienced in cement business, iron and_ brass 
foundry practice, pattern making and machine shop prac- 
tice, forge and smelting shop work; also experienced in 
boiler practice and steam engineering. Salary no object 
provided there is chance for advancement. Particulars of 
past experience on request as well as references if desired. 


125 Position as superintendent or operating executive 
with electric railway or lighting and power companv or 
bankers controlling such properties. Broad gaged, diplo- 
matic, with good address and attractive personality com- 


bined with wide experience and proven ability in developing 
new business, eliminating troubles and reducing power costs. 
Six years of shop and road experience with large manutae 
turer of steam turbines and electrical apparatus. Five years 
as superintendent of power with large interurban railway 
and power company. Aeccustomed to handling customers’ 
complaints, organizing and directing employees, specifying 
and purchasing equipment and materials. At present assist 
ant to the electrical engineer of a 60,000-kw. power system. 


126 Member, with exceptional technical training, both 
mechanical and electrical; tive years’ experience in research 
work on steam turbines, centrifugal air compressors and jet 
pumps; four years complete charge of designing, manutae 
turing, testing and installing vacuum cleaner systems, in- 
cluding the development of a complete line of portable and 
stationary vacuum cleaning machines; desires position with 
a good firm of consulting engineers, with prospect of ultimate 
interest in the firm; or would consider position with good 
manufacturing firm. At present employed. 


127 Junior member, aged 27, technical graduate in me- 
chameal engineering, married; four years’ experience in fac 
tory maintenance, industrial and power plant development, 
design of special machinery; desires position with an engi 
neering firm or industrial plant. 


128 Member, desires position as works manager, super- 
iitendent or engineer; competent to organize all departments 
of manufacturing plant along modern lines; long experi- 
ence; best references. Expert in developing new inventions. 


129 Technical graduate; Junior member; age 30; desires 
position, Six years’ experience teaching in an eastern tech- 
nical school and in evening industrial school work. Experi- 
enced in drafting and general engineering. Energetie and 
enthusiastic. Would be valuable as director of industrial 
school, either existing school or to organize a_ proposed 
school. Would consider teaching or practice. 


130 Technical graduate. Practical experience in foun- 
dries, machine shop, drafting rooms and as mechanical engi- 
neer for large manufacturing concern having charge of 
entire upkeep of factory, all electrical work, purchase of 
supplies, new work, ete. Designed and installed new power 
plant which is now running and had charge of all work in 
connection with large new factory building. Desires posi- 
tion with large manufacturing concern or consulting engi- 
neer. Advancement to be governed by results. 


131 Mechanical engineering graduate of Lehigh Uni- 
versity; four years in design, installation and office experi- 
ence. For the past two years employed in responsible posi- 
tion with maintenance department of a large industrial 
concern. Has reached the limit of present opportunity. 
Desires a position with broader outlook. Age 25, married. 
Location immaterial. Best references. 


132. Member, technical graduate, experienced as general 
or business manager. sales engineer and executive, desires 
position with manufacturing concern or as representative in 
New York City. Has many years’ experience in foundry 
and machine shop practice. Broad aequaintance in the engi- 
neering, contracting and manufacturing field. 


133 Technical graduate: four months as draftsman for 
tap and die company; 14 months with prominent automobile 
company in drafting room, shop and factory. 


134 Mechanical engineer, graduate of Columbia Uni- 
versity, 1911; several years’ experience as factory inspector; 
desires position where there is good chance for advance- 
ment. Age 25. 


135 Graduate engineer, five years’ experience structural 
work, draftsman on special machinery, and inspector on out- 
side construction; desires position along similar lines. 
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SOCIETY AND 


ACCESSIONS TO THE LIBRARY 


Wirn COMMENTS BY THE LIBRARIAN 


his list includes only accessions to the library of this Society. Lists of acces- 
sions to the libraries of the A. 1. E. k. and A. 1. M. E. can be secured on request 
from Calvin W. Rice, Secretary Am. Soc. M. E. 


Les Accessoires bE L’ AUTOMOBILE, Carles. Paris, 1918. 

AMERICAN CHAMBER OF COMMERCE IN Paris. Bul. no. 121, 
January 1914. Maris, 1914, Gilt of Calvin W. Rice. 

Tue American Orvicn, J. W. Schulze. New York, 1913. 

Tur AMERICAN Society OF MECHANICAL ENGINEERS. Con- 
densed Catalogues of Mechanical Equipment, 1913. 3rd 
annual volume. New York, 1913. 

THe AMERICAN Society OF MrecHANICAL ENGINEERS. Con- 
tents and General Index of Transactions, vols. 1-20, 
1880-1890. New York, 1899. 

AMERICAN Socitty OF NAVAL ENGINEERS. General Index to 
Journal, vols. 1-16, 1889-1904. Washington, 1905. 
Gitt ot society. 

AmericAN Water Works Association. Minutes of Pro- 
ceedings of S3d annual convention, 1913. 1913. Gitt 
ol association. 

AssoclaATION OF HlarvarpD Year Book, 1913. 
19173. Gaitt of Calvin W. Rice. 

AUSTRALIA. PARLIAMENTARY Denates. Session 1913. nos. 


32, 3d. Melbourne. 
BALANCING OF ENGines, W. E. Dalby. ed. 2. London, 
1906. 


BeITRAGE ZUR GEsSCHICHTE DER TECHNIK UND INDUSTRIE, 
Conrad Matschoss. vol. 5. Berlin, 19108. 

Boston. Transit CoMMission. 19th Annual Report, 1913. 
Boston, 1913. Gitt of the commission. 

CARNEGIE INSTITUTION OF WaSHINGTON. Year Book, 1908- 
Washington, 1909-1913. Gitt of institution. 
Citcaco. DerrarTMeNT OF SMOKE INspecTion. Report, 

February 1912. 
Notes on Smoke Abatement, January 1, 1914. 
Methods of Approaching the Smoke Problem. Janu- 
ary 1, 1914. Gitt of department. 

CRANES AND Hoists, Hermann Wilda. Translated from the 
German by Chas. Salter. London, 1913. Gift of Hunt 
Memorial Fund. 

Depreciation OF Rar_Lroap Property, Richard J. McCarty. 
Kansas City, 1914, Gitt of author. 

OF Brakes UrON Rattway Trains, Douglas Galton. 
Pittsburgh, 1591. Gitt of 8. W. Dudley. 

Die Eis UNpD KALTEERZEUGUNGS MASCHINEN, Richard Stete- 
feld. Stuttgart, 1912. 

Das ENYWERFEN UND BERECHNEN DER VERBRENNUNGSKRAFT- 
MASCHINEN UND KrarrGas-ANLAGEN, Hugo Giildner. 
ed. 3. Berlin, 1914. 

EXTENSION OF THE Dewey DeciMaL SysTeM OF CLASSIFICA- 
TION APPLIED TO THE ENGINEERING INpustrRiEs, L. P. 
Breckenridge and G. A. Goodenough. Urbana, 1912. 

lORSCHERARBEITEN AUF DEM GEBIETE DES EISENBETONS. 
pt. 22. Berlin, 1914, 

Gas AND Dust Firine, Albert Piitseh. Translated from 
the German by Charles Salter. London, 1901. 

Dik GEISTIGEN MITTEL DES TECHNISCHEN ForRTSCHRITTES IN 
DEN VEREINGTEN STAATEN VON AMERIKA, Conrad Mat- 
schoss. Berlin, 1913. Gift of author. 

Hanpnook OF ENGuisn ror W. O. Syphers. 
Chicago, 1913. 

llorse, Truck anp H. N. Casson, R. W. Hutehin- 
son, Jr., and L. W. Ellis. Chicago, 1913. 


INVESTIGATING AN INpuUstRY, William Kent, with an intro- 
duction by H. L. Gantt. New York, 1914. 


JauRBucH DER Lurr Faurzeve vol. 6, 1912- 
1913. Berlin, 1913. 


LIBRARY AFFAIRS 


IXONSTRUIEREN UND Recunen, H. Haeder. ed. 6, vols. 1-2. 
Wiesbaden, 1914. 


LOGGING, THE PRINCIPLES AND GENERAL MeTHops OF OPERA 
TION IN THE Unitep States, Rh. C. Bryant. New York, 
110. 

Macuinery’s Hanppoox. New York, 1914. 


MANCHESTER SveaM Users’ Association. Memorandum by 
Cliet Engineer, 1912. Manchester, 1913. Gitt of asso 
lation. 


MaNvuractUrE OF KuBBER Goovs, Adolf Heil and W. Esch. 
London, 1909. 


Spinning, F. D. Crawshaw. Chicago, 1909. 


MevraLLocraruit, W. Guertler. vol. 1, sect. 2, pt. 1. Ber- 
lin, 1913. 

MerrRoroLitaN SEWERAGE COMMISSION OF NEN York. Pre- 
liminary Reports on the Disposal of New York’s Sewage. 
Vill— Tidal Currents in New York Harbor as shown 
by floats, October 1913. 1X—Rainfall and the rela- 
tions between the volumes of domestic sewage, storm 
water and tidal water in New York Harbor, November 
1913. Gitt of commission. 

Le Moreur HUuMAIN ET LES BASES SCIENTIFIQUES DU TRAVAIL 
PROFESSIONNEL, Jules Amar. Paris, 19/4. 

Movion Piorure Hanppoox, F. H. Richardson. ed. 2. New 
York, 1912. 

NATIONAL ASSOCIATION OF RAILWAY COMMISSIONERS. Proe. 
25th Annual Convention, Washington, October 28-31, 
1913. New York, 19103. 

NEUERE PROBLEME DER THEORETISCHEN Puysik. Columbia 
University. Publication no. 7, Ernest Kempton Adams 
Fund for Physical Research. Leipzig-Berlin, 1913. 
Gitt of Columbia University. 

New StTeaM TABLES TOGETHER WITH THEIR DERIVATION AND 
APPLICATION, C. A. M. Smith and A. G. Warren. New 
dork, 1912. 

New York City. Boarp or Water Suppiy. Catskill Water 
Supply, reports, letters, resolutions and authorizations 
on the City tunnel and the delivery of Catskill water. 
New York City, 1912. Gift of board. 

New York City. DeparTMent oF Water Suppiy, Gas AND 
Evecrriciry Bureat oF Suppuies. A report to Henry 
S. Thompson, Commissioner, by Elihu Cunyngham 
Church. New York, 1913. Gitt of E. C. Church. 

New York State. Commission or Hicguways. Report of 
the Board of Consulting Engineers, 1913. Albany, 1913. 
Gitt of William DeHertburn Washington. 

New York Stare ENGINEER AND SuRvVEYOR. Supplement to 
the Annual Report, 1912, vol. 2. Albany, 1913. Gitt 
of State Engineer and Surveyor. 

CONGRESSIONAL DrrecTory, 63p CoNGRESss, 2p 
Session, December 1913. Washington, 1913. Gift ef 
U. S. Congress. 

()xy-AceTyLENE Practice, J. F. Springer. New 
York. 

PENNSYLVANIA Raitroap Company. Brake Tests. A re- 
port of a series of road tests of brakes on passenger 
equipment cars made at Absecon, N. J., 1913. Altoona, 
1913. Gift of railroad company. 

PHYSIKALISCHE CHEMIE DER HOMOGENEN UND HETEROGENEN 
GASREAKTIONEN, Karl Jellinek. Leipzig, 1913. 

Poor’s Manvat or Rartroaps, 1914. New York, 1914. 


La Pratigue pes Moreurs DIESEL, DESCRIPTION CONDUITE, 
INCIDENTS DE Marcue, Jean Lorfévre. Paris, 1914. 
ProGRess AND Prosperity, William DeHertburn Washing- 


ton. New York, National Educational Publishing Co., 
1911. Gift of author. 


The purpose of this work is to portray the evolution of transportation and the 
tremendous effects it has wrought in the progress and prosperity of mankind and 
communities. The author, after emphasizing how essential a factor transporta- 
tion was even to primitive civilization, takes up the story of carriage in ancient 
mediaeval and early modern times, and shows how nations rose into prominence 
with the control of routes of communication, and fell into decay with their loss, 
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The organization, operation, and influence ofjtransportation systems,” both in 
the United States and abroad, are depicted, and numberless striking,facts are 
brought out which bear directly upon present-day problems. 

PrUrUNG UND BrRECHNUNG AUSGEFUHRTER AMMONIAK- 
IXOMPRESSIONS KALTEMASCHINEN AN HAND DEs INDI- 
KATOR-DIAGRAMMES, Gustav Doderlein. ed. 2. Miin- 
chen, 1910. 


REARRANGEMENT AND DEVELOPMENT OF THE STEAM Rali_L- 
ROAD TERMINALS OF THE City OF CHICAGO, Report, 
b. J. Arnold. Chicago, 1913. Gitt of author. 

utes, ReGuLATIONS AND INSTRUCTIONS FOR FOREMEN AND 
DepaRTMENT Heaps or A. J. LINDEMANN & HOvVERSON 


Co. BY THE SAFETY COMMITTEE. Milwaukee, 1913. Gilt 
ot company. 
Sarety Va.tve Capacity, P. G. Darling. New York. Gitt 


of Manning, Maxwell & Moore. 

SCHNELL-PERSPEKTIVE UND EINFUHRUNG IN DAS TECHNISCHE 
ZEICHNEN, O. Haeder. ed. 2. Wiesbaden, 1914. 

Some Facrs anour TREATING Raitroap Ties, W. F. Goltra. 
pts. 1-4. Cleveland, 1912-1913. 

Dig FLUGZEUGE, G. 
into English by IL. G. Bader. 


Hl. Bryan. Translated 
Berlin, 1914. 
Die Strarik pes Kranspaves, W. L. Andrée. ed. 2. Miinchen, 


1913, Gitt of Hunt Memorial Fund. 

STATISTIK DER STEINKOHLENGASWERKE, L. 
Pfeifer. In German and Hungarian. 
Man6 Wiaddsa, 1913. 


Molnar and I. 
Budapest, Dick 


STROMUNGSENERGIE UND MECHANISCHE ArBeEItT, Paul Wag- 
ner. Berlin, i914. 

Tan Bark as A Borver David Moffat Myers. 
author. 

TRANSMISSIONEN, Stephan Jellinek. Berlin, 1912. 

TURBINEN MIT DAMPFENTNAHME EIN BEITRAG ZUR BERECH- 
NUNG DER ANZAPFTURBINEN, Aug. Kriegbaum. Miin- 
chen, 1913. 

U. S. Lighrnouse Commissioner. Annual Report to the 
Secretary of Commerce for the year ended June 30, 
1913. Washington, 1913. Gitt of commissioner. 

Vacuum CLEANING Systems. A treatise on the principles 
and practice of mechanical cleaning, M. 8. Cooley. New 
York, 1913. 

VaLves AND VaLvE Mecnanisms, W. E. Dalby. 
don, 1906. 

La Vie INTERNATIONALE. vol. 1, nos. 1-5; vol. 2, nos. 1, 7-8; 
vol. 3, nos. 1-6; vol. 4, no. 1. Brurelles, 1912-1913. 
Gift of Office Central des Association Internationales. 


Gift of 


Lon- 


CLEMENS WINKLER’S VORTRAGE UND ABHANDLUNGEN UBER 
ABGasE UND RavenscHApbEN, O. Brunck. Sammlung von 
Abhandlungen iiber Abgase und Rauchschiiden, pt. 8. 
Berlin, 1913. 

Work, WacGes AND Prorits, H. L. Gantt. ed. 2. New York, 
Engineering Magazine Co., 1913. Gift of F. M. Gris- 
wold. 

The first edition, published in 1910, was a small volume of less than two hun- 
dred pages. This second edition has over three hundred pages with much new 
matter, embodying results in machine shops, metal-working and locomotive 
building plants. 

Fire INsuRANCE ENGINEERING. An address delivered by F. 
M. Griswold, before Fire Insurance Society of Phila- 
delphia, February 21, 1905. 

Fire PreveNTION AND Fire Prorection FOR MANUFACTUR- 
ING Puants. May 1971. 

STaNDARDS FOR GRADING Town Pusuic Fire PROTECTION. 
Report of a Committee of the National Fire Protec- 
tion Association, October 29, 1903. 


Girt or New YorK State CONSERVATION COMMISSION 


Annvuat Report. 2d-3d. 1912-1913. Albany, 1912-1915. 


AnnvuaL Report—DIvIsion OF INLAND Waters. _Ist-2d. 
Albany, 1912-1913. 


Cueap Evecrricity For ALL 


SOCIETY AND LIBRARY AFFAIRS 


CIRCULAR OF INFORMATION PUBLISHED FOR DISTRIBUTION AT 
THE New York Srate Fair, Syracuse, September 11- 
16, 1911. 

FinaL ORDER FOR THE REGULATION OF THE FLOW OFr THE 
Liupson River, ete. Albany, 1911. 

Albany, 1912. 

New York's Water SUPPLY AND Its CONSERVATION, Dis 
TRIBUTION AND UsEs. 


Fisuways ror Dams, 1912. 


Pure Water AND PLeNtTy oF It IN Every Home anv Fac- 
TORY 

RerorRT OF THE CONSERVATION COMMISSION ON THE WatTER- 
SHED OF THE GENESEE. Albany, 1912. 

REPORT OF THE CONSERVATION COMMISSION TO THE LEGISLA- 
TURE OF THE State OF NEw YORK ON THE SUBJECT OF 
Low Waver in Lake Albany, 1913. 

Srave DEVELOPMENT OF ELEcTRICAL ENerGy. Address de- 
livered by Geo. E. Van Kennen. Albany, 1912. 

SvTateE DEVELOPMENT OF WaTER Power. Albany, 1912. 

Svaté Hypro-Evectrric DeveLormMent. Why the Murtaugh 
Patrie bill should become a law. Albany, 1913. 

Water Power FoR THE FarM anv Country Home, D. R. 
Cooper. ed. 2. 

Water Resources OF THE State OF New York, H. H. Per- 
sons. Albany, 1910. 

Division or INLAND Waters. Rules and Regulations gov- 
erning Sewerage Applications. Albany, 1912. 

Rules and regulations governing water supply appli- 

cations. Albany, 19/12. 


EXCHANGES 

Re- 
Chicago, 1913. 
ENGI- 


AMERICAN RatLway Master MECHANICS’ ASSOCIATION. 
port ot Proc. 46th Annual Convention. 

AMERICAN Society OF HEATING 
NEERS. Trans., vol. 18, 1912. 

Junior INstiruTION OF ENGINEERS. Journal and Record of 
Trans., vol. 22, 1912-1913. London, 1913. 

KONINKLIJK INstITUUT VAN INGENIEURS. Yearbook, 1914. 
’s-Gravenhage, 1914. 

Master Car Buitpers’ ASSsOcIATION. 
1-2, 1913. Chicago, 1973. 

U. S. Parent Orrice. Annual Report of the Commissioner 
of Patents, 1912. Washington, 1913. 

NATIONAL ASSOCIATION OF CoTTON MANUFACTURERS. 
no. 91, 93, 94. Boston, 1912-1913. 

Society OF AUTOMOBILE ENGINEERS. 
New York, 1913. 

University OF ILLINOIS ENGINEERING EXPERIMENT STATION. 
bul. vol. 8-9, 1912-1913. Urbana, 1913. 


AND VENTILATING 
New York, 1913. 


Proe., vol. 47, pts. 


Trans., 


Trans., vol. 8, pt. 2. 


UNITED ENGINEERING SOCIETY 
American Year Boox, 1913. New York, 1914. 
ENGINEERING INDEX, 1913. New York, 1914. 

An Expensive Experiment. The Hydro-electrie Power 
Commission of Ontario, R. P. Bolton. New York, 1913. 
Gift of author. 


Meta Sratistics, 1914. 
Market Co., 1914. 


MicuigAN Gas ASSOCIATION. 


ed. 7. New York, American Metal 


Proce. 22d Annual Meeting, 


1913. 1913. Gift of association. 

NaTionaL Tuspe Company. or Sranparps, 1913. 
Pittsburgh, 1913. Gift of company. 

New York Times Inpex, October-December 1913. New 
York, 1913. 

REFERENCE CATALOGUE OF CURRENT LiTERATURE. 3 vols. 


London, J. Whitaker & Sons, 1913. 


UNIVERSAL ELEMENTS AND THEIR PrIME COMBINATIONS, 
Julius L. Hornig. Jersey City, 1913. Gift of author. 


University oF Cauirornia. List of Serials in the Library 
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SOCIETY AND 


(Library Bulletin no. 18). 
University of California. 
Tur Wortp Aumanac, 1914. New York, 1914. 


Berkeley, 1913. 


TRADE CATALOGUES 


Goupscu Mipt-THermit Co., New York. 
no. 4, 1913. 

Hess-Brigut Mre. Co., Philadelphia, Pa. Pall bearings and 
their correct use, ser, 336, sheets 1-59. 


Humpurer Gas Pump Co., Syracuse, N.Y. Type W pumps. 


HEATING COSTS 
List of References compiled in the Library of the Ene 
neering Societies. 

OperATING Costs Heating Pants. Analyses of cost of 
heating various classes of buildings with steam and hot 
water heating svstems. Metal Worker, November 14. 
1913, pp. 579-581: Power, September 23, 1913, pp. 437 
138. Abstract of paper read by H. M. Hart before the 
American Society of Heating and Ventilating Engineers. 

AN ALYSIS Moror 
Jewrtry Facrory. 
1370, June 21, 1913. 


or Service AND Heating Costs iw 
Flectric al World, vol. 61, pp. 1369 
Diseusses the eost of steam. 
Economics or Centrat Sration Heatixe. Byron T. Gifford. 
Imerican Society of Mechanical Enaincers, Ji 
September 1913, pp. 1421-1425. <A generation cost of 
50 cents per 1000 Ths. is assumed. 


Tue Desten or Cenrrat Heatixe Systevs. A. G. Christie. 
Canadian Enaineer, July 17, 24, 31. 1912. 


cost of laving conduits, also rates charged for service. 


Discusses 


Districr Srreaw 


Heatixne with Pressvre Straw. 
Frederick W. Ballard. Ohio Society of Mechanical. 
Electrical and Steam Enaineers, Journal, vol. 5. pn, 25 


Mie 1913. Reprinted in Ileatina and Ventilatina Vana 
~ine, June 1913, pp. 21-28. Abstract in Power. June %. 
1915, Dy. T83 TS6. (iives tables showing comparative 
cost of installation of hich and lew pressure mains. 

Notrs From A Data Rook Factory HWratixe. eatine 
and Ventilating Magazine, May 1912. pn. 37-38. Ah 
straet of paper bv Wallace F. Goodnow before the New 
York Chapter of the American Society of Heating and 
Ventilating Engineers. 

Tie ann Comparative Cost or tue Trexk 
System, F. D. Goodard. Metal Worker, vol. 74. p. 171. 
August 6, 1910. 

Tue Prorirance Oprrarion or Centrar Heativa Srario~ 
witHhour tHe AssIsTANcr oF ELectrican or orner Tw 
pUSTRIES, Byron T. Gifford. Teating and Ventilatina 
Magazine, August 1919. on. 10-13; disenssion pp. 13-14. 
Paper read before National District Heating Associa- 


tion. 
Some Notes on Tsoraren Pranwts. Percival R. Moses. 
Imerican Institute of Electrical Enaineers, Jannarv 


1912, pp. 67-98. Gives eost of fuel and labor for heat- 
ing in typieal building without private electrie plants. 

Presscre Sreaw Heatrxa vs. Hor Watrr By- 
Propvet Prant, Tra N. Evans. Power, July 29, 1913, 
pp. 169-172. 

Exuacsr Sreaw Heatixa as Deveroren ny a Larcr Cre 
Licutmne Sratiox, F. Darrow. Electrical World. 
vol. 57, pp. 859-61, 1911. 

Witkes-Barre’s District Systew. Donald M. 
Releher. Record, vol. 66. pp. 300-302. 
1912. Construction and cost of installing heat-insnlated 
mains underground. 

Hor Warer por pip Centrat Strarion. Tra N. 
Evans. Power, vol. 35, pp. 625-628, 1912. Gives eost 
of coal. 


Comparative Economy or CENTRAL AND Private Tleatina 


Enaineerina 


LIBRARY AFFAIRS 


Gift of 


Reactions, vol. 6, 


LVII 


Piants, J. D. Hoffman. Ileating 
Magazine, June 1910, pp. 6-14. 


and Ventilatina 


Dara on Centran Heatine Srarions. Heating and Vent 
lating Magazine, November 1909, pp. 7-10. Tables show 
cost per year for repairs, ete., also cost of coal. 


ANALYSIS OF CentRaL Station Stream Heating Rates, A. 
E. Duram. Heating and Ventilating Magazine, Septem 
ber 1912, pp. 11-17. 


CentraL Station Heatixa, Byron T. Gifford. Heating and 
Ventilating Magazine, June 1911, October 1911. 


Some Nores on Centran Heatixe, William Bryan. 
American Society of Heatina and Ventilating Enaineers, 
Trans., vol. 7, pp. 97-117; diseussion, pp. 117-131, 1901. 


Compartson or Forcen Cireviation Hor Water. axp 
Vacuum Stream Cenrran Heatixe Systevs. J. T. Ma 

cuire. Enqineering Nz ws, vol. 69. pp. 692-695, 1909. 
First cost operating expense. 

Some OF tHe Factors tuar Arreer tre Cost or Gexerat 

ING AND Stream ror Heatina. C. R. 

Bishop. Engineering Review (N. Y.). Angust 1910, pp. 
56-60. Paper read before National District Heating 
Association. The author does not give figures. but dis- 
cusses the subject generally. 

Some Facts ann a Few Treortes Coxcerviee TIE Oper, 
TION OF A CENTRAI Hor Water TWratine 
Gexeratixne J. Hoffman. 

entilatina Maaarine 


STEAM 


STATION AND 
at 
1908, nn. 1 


WAUST Its PLACE IN A OF TIE 
SERVICES IN Britprnes, Reginald P. Botton. 
Ventilating Maaazine. Octoher 1908, pp. 
Disenssion at a eornvention of building managers, 


DIVISION COST OF 
Tleatina 
and 17-21. 
Ry LATIVE Fx ONOMY OF 

HAUST 


Steam ann Gas Power wren 
STEAM IS USED FOR F. W. Rallard. 
Heating and Ventilatina Maaa-in: September 1907, nn. 
31 34. From paper re ad hefore t} e Society of Me 
chanical, Electrical and Stationary Engineers, 
OPERATING Costs or 4 Derartwent Storr. S. Milton Clark. 
Tsolated Plant, February 1912. pn. 71-73. Detailed cost 


of plant in Ronwit. Teller & Company's department 


store. 

Tue Heating axp Eveerrie STATION AT 
Enaineer (Tor ad). vol. 1M. nn. 330. 558, 
1905: Enaineerina Record, vol. 52. p. 582, 1905. Gives 
eost of eoal. 

Verer pre Berrrensercennisse pes Kar. 
ELFKTRIZITATSWERKFS 7) Drespex. R. Trantmann 
Gesunadh rite nieur, June 9 1907. Gives encte and 
details of operating a eentral plant for heating and 


lighting a group of municipal buildings. 
Cover or Resipexces. J. D. Hoffman. 

r. vol. 69, pn. 48-49, 1908. 

Engineering Society. 

or Exnacst Srreaw Weatryc. Tra N. Evans. 
vol. 36. pp. 788-792, 1912, 

Coser or Store Horses. TT. 0. Lacount. 
fu of al Enaineers, 
diseussion, pp. 195-202, 1907, 

Heating Ventination or tir St. Lorrs Prerie Seroor, 

William R. Tttner. TTeatina and Ventilatina 

Vaaazine, December 1907. pp. 6-10, 

INTERESTING AND Comwrrete Fierres. Ernest Stevens 

Isolated Plant, May 1912, pp. 190-194. The 

heating is given in a reeord of one vear’s operation 

of the Boston Safe Deposit and Trust Company Build 
ine plant. 


VUertal Worl: 
Paper read before Tndiana 


P, wer, 


{merican 


vol. 29, pp. 159-195: 


Gives fuel eosts. 
Sov 


eost of 


Tsorarep vs. Cenrran Station.  Tsolated Plant. 
April 1912. p. 109. Abstract of paner read bv David 
S. RBovden hefore the American Society of Heating and 
Ventilating Engineers. 

Why tie Tsouaten Movevwent re Svprorren. 
Arthur V. Farr. Tsolated Plant, January 1912, pp. 23- 
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LVIIL SOCIETY 
25. An estimate of the cost of operation of a heating 
plant. 

Central Station Steam Heatine, A. 8. Spencer. 
vol. 32, pp. 1198-1199, July 5, 1910. 
are given. 


Power, 
Operating costs 


BOOKS 


CARPENTER, Rotuta C. Heating and Ventilating Buildings. 
Ed. 5. New York, J. Wiley, 1911. 

Girrorp, Byron T. Central Station Heating. New York, 
Heating and Ventilating Magazine Co., 1913, pp. 81-83. 

GREENE, ArtHUR M. The Elements of Heating and Ventila- 
tion; a text book for students, engineers and architects. 
New York, Wiley, 1913. Chapter 11—District Heating. 

IlorrMaNn, JAMES D., AND Raper, Benepicr F.  Hand- 
book for Heating and Ventilating Engineers. Ed. 2. 
New York, McGraw-Hill Book Co., 1913. Cost of heat- 
ing from a central station, pp. 258-263. 

King, Atrrep G. Practical Steam and Hot Water Heating 
and Ventilation. New York, Henley Pub. Co., 190s, 
pp. 255-257. 

Ranpati, D. T., anp Weeks, H. W. The Smokeless Com 
bustion of Coal in Boiler Furnaces, with a chapter on 
Central Heating Plants (reprint of U. S. Geol. Survey 
Bull. no. 373, revised by Henry Kreisinger). U.S. 
Bureau of Mines. Bulletin no. 40. 


SUN MOTORS 


UvinizinGc THE ENERGY OF SOLAR RADIATION, THE WIND, AND 
OTHER INTERMITTENT NaturRAL Resources, R. A. Fes- 
senden. Mechanical Engineer, vol. 26, pp. 586-588, 
November 4, 1910; Electrician (Lond.), vol. 65, pp. 948- 
149, September 16, 1910. Paper read before Section 
G of the British Association for the Advancement of 
Science. 

A New Proposat To Secure Power on A LARGE SCALE FROM 
INTERMITTENT NATURAL Resources. Engineering News, 
vol. 64, pp. 539-540, November 17, 1910. Editorial dis- 
cussion of the plan outlined by Prof. R. A. Fessenden. 

Power FROM THE Sun’s Heat. Engineering News, May 13, 
1909, vol. 61, pp. 599-511. Abstract in Engineering Re- 
riew (Lond), vol. 21, pp 57-62, 1909; Engineering Di- 
gest, July 1909, pp. 1-5. 

EXPERIMENTS IN THE DEVELOPMENT OF POWER FROM THE 
Sun’s Heat, H. E. Wilsie. Engineering News, vol. 61, 
pp. 511-514, May 13, 1909; editorial, p. 522. 

So.ar Moror. Railway and Engineering Review, vol. 41, 
p. 103, February 23, 1901. 


AND LIBRARY 


AFFAIRS 


DESCRIPTION OF THE PHILADELPHIA SuN Power 
Engineering News, September 21, 1911, p. 327. 

SotaR Motors, Chas. F. Holder. Scientific American, vol. 
84, pp. 169-170, March 16, 1901. 

Sovak PumpinG PLANt. Metal Worker, October 6, 1911, p. 
450. 

ComMrrciAL Sun Power 
tember 23, 1911, p. 368. 
Propucing Power FROM THE Rays, A. D. 

Power, October 3, 1911, p. 506. 
L’Uriuisation pe LA CHaLeuR A LA Propverion 
DE LA Force Morrice Géntre CIvit, vol. 60, pp. 13-14. 
POWER FROM THE SuN. Mechanical Engineer, vol. 27, p. 307. 
Abstract of lecture by J. J. Thomson before the Royal 
Institution. 


Engineering Record, Sep 


Blake. 


UTILIZZAZIONE DEL CALORI DEI RAGGI SOLARI. 
Mareh 1, 1912, p. 79. 

Aust. Engineering News, vol. 67, pp. 1077-1079, June 6. 
1912. Report on Shuman Engine, commercially used 
for irrigation in Egypt. 

INVESTIGATION OF THE Economy OF A SIMPLE ENGINE OPER 
ATING WitH Stream Less THAN THAT OF ATMOSPITERT 
Pressure, Prof. R. C. Carpenter. Sibley Journal, vol. 
26, pp. 293-311, April 1912. 

Sun-power PLant. Frank Shuman, 
August 15, 1912, p. 825. 

Sun Morors, K. T. B. Tressler. 
25, pp. 90-91, 1912. 
Shuman). 


L’Flettricista, 


Pract. Engr. (ehie.). 
Indian Trade Journal. vol 
(1/5 the surface required by 


1913, Tote. 


£22, 


Tue Steam Encine. Mav 30, 
574-576. Sw. Amer. Suppl., November 7, 167, 
663. 

Sonar Pemprxne Tron Age, vol. 88, pp. 
September 28, 1911 (Shuman engine). 

Sux Power Stream Enoine. Tron vol. 89, p. 1490. 
June 13, 1912. Paragraph summarizing the results of 
Professor Carpenter's tests. 

Tue Utinization or Soran Heat ror INpustrian Purposes 
ny MFANs or A NEw Mirror REFiector, Carl 
Giintner. Scientific American Suppl., vol. 61, pp, 25409- 
25412, 1906. 

Sotar ENGINE ty Eaypr. Scientific American, December 7. 
1912, p. 481. Letter by Frank Shuman. 
Illustrated London News, Mareh 15, 1913, p. 338. 

tion of Shuman Installation in Fgvypt. 

THe Sun Power Piant Reriecrors 
Eaypr, Frank C. Perkins. 
pp. 19-23. 


698-699, 


Deserip- 


AND GENERATORS IN 
Tsolated Plant, October 1915. 
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OFFICERS OF THE STUDENT BRANCHES 


DATE 
INSTITUTION AUTHORIZED HONORARY CHAIRMAN CORRESPONDING SECRETARY 
CHAIRMAN 
BY COUNCIL 


Armour Inst. of Tech. Mar 9, 1909 G. F. Gebhardt H. E. Erickson A. N. Koch 
Armour Inst. of Tech., Chicago, IIL. 
Carnegie Inst. of Tech. Oct 14, 1913 W. Trinks J. B. Patterson W. M. Sheldon 
226 Meyran Ave., Pittsburgh, Pa. 
Case School of Applied Feb 14, 1913 F. IL. Vose H. C. Mummert J. Bb. Whitacre 
Science Case School of Apphed Science, Cleve- 


land, O. 
. B. Sehmidt HH. F. Allen 
Hartley Hall, Columbia Univ., N.Y. 
. G. Miller D. S. Weeg, Jr. 
Telluride Asso., Ithaca, N. Y. 


Columbia Univ. Nov 9, 1909 Chas. E. Lucke 


= 


Cornell Univ. Dee 4, 1908 R. C. Carpenter , 


Kansas State Agri. College Feb 13, 1914 


Lehigh Univ. June 2, 1911 P. B. de Schweinitz W. C. Owen T. G. Shaffer 
Die Alte Brauerei, South Bethlehem, Pa. 
Leland Stanford Jr. Univ. Mar 9, 1909 W, F. Durand C. P. Campbell b. M. Green 
Stanford University, Cal. 
Mass. Inst. of Tech. Nov 9, 1909 E. F. Miller H. W. Treat L. L. Downing 
30) Bowdoin St., Cambridge, Mass. 
New York Univ. Nov 9, 1909 C. E. Houghton 
Ohio State Univ. Jan 10, 1911 Wm. T. Magruder |Kk. M. Wagner C. L. Newby 
1425 Hunter Ave., Columbus, O. 
Penn. State College Nov 9, 1909)J. P. Jackson |A. L. Foell R. W. Herzog 
| Penn. State College. State College, Pa. 
Poly. Inst. of Brooklyn Mar 9, 1909 W. D. Ennis A. A. Bielek H. Sand 
Poly. Inst. of Brooklyn, Brooklyn, me Be 
Purdue Univ. Mar 9, 1909 G. A. Young S, A. Peck T. S. Tulein 


Purdue Univ., West Lafayette, Ind. 
Rensselaer Poly. Inst. Dee 9, 1910 A. M. Greene, Jr. F. E. MeMullen R. L. Manier 


¥. M. C. A., Troy, N. ¥. 
. S. Thompsor 
935 E. College St.. lowa City, Ta. 


State Univ. of Iowa Apr 11, 1913 R. S. Wilbur F. H. Guldner C 


State Univ. of Kentucky Jan 10, 1911 F. P. Anderson H. G. Strong Rk. T. Thornton 
R. R. 1, Lexington, Ky. 

Stevens Inst. of Tech. Dee 4, 1908 Alex. C. Humphreys L. F. Bayer C. H. Colvin 
Stevens Inst. of Tech., Hoboken, N. J. 

Syracuse Univ. Dee 3, 1911 W. E. Ninde G. T. Parsons W. J. Campbell 

303 Waverly Ave., Svracuse, N. Y. 

Univ. of Arkansas Apr 12, 1910 B, N. Wilson M. McGill C. Bethel 
Univ. of Ark., Fayetteville, Ark. 

Univ. of California Feb 13, 1912 Joseph N. LeConte R. Guillon P. H. Landon 
Univ. of Cal., Berkeley, Cal. 

Univ. of Cincinnati Nov 9, 1909 J. T. Faig A. O. Hurxthal E. A. Oster 


1065 Wade St., Cincinnati, 0. 


Univ. of Illinois Nov 9, 1909 W. F. M. Goss A. H. Aagaard H. E. Austin 
Univ. of Illinois, Urbana, [Il. 
Univ. of Kansas Mar 9, 1909 F. H. Sibley L. C. Angevine H. L. Newby 
1501 Rhode Island St... Lawrence, Kan. 
Univ. of Maine Feb 8, 1910 Arthur C. Jewett E. E. Fowler A. B. Haves 
| S. A. E. House. Orono. Me. 
Univ. of Minnesota May 12, 1913 J. J. Flather A. Buenger J. A. Colvin 


629 15th Ave., S. E., Minneapolis, Minn. 


Univ. of Missouri Dee 7, 1909 H. Wade Hibbard R. Runge L. L. Leach 
Y. M. C. A. Bldg., Columbia, Mo. 
Univ. of Nebraska Dee 7, 1909 J. D. Hoffman A. A. Luebs G. W. Nigh 
| Sta. A. Box 1164, Lincoln, Neb. 
Univ. of Wisconsin Nov 9, 1909 H. J. Thorkelson  M. A. Cook R. E. Maurer 
167 Prospect Ave., Madison, Wis. 
Washington Univ. Mar 10, 1911 &. L. Ohle A.O.Sehleiffarth J. A. Watkins, Jr. 
| 5803 Miehigan Ave., St. Louis, Mo. 
Yale Univ. Oct 11, 1910 L. P. Breckenridge L. F. Harder (M. C. Corbett 
| 288 Orchard St., New Haven, Conn. 
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SOCIETY AND LIBRARY AFFAIRS 


PERSONAL NOTES 
A membership pin was recently found in Pittsburgh and 
is now in the rooms of the Society, where it may be secured 


by its owner, 


At the meeting of the Council on March 13, the Secretary 
was instructed to convey to George A. Orrok the satisfaction 
ot the Council over the reports of his improving health, and 
their hope that he may soon be able to take up his former 
active participation in the Society's affairs. 


Prof. F. R. Hutton, Honorary Secretary, delivered an ad- 
dress before the oflicers of the U. S. Army detailed to the 
Aviation School of the U. S. Signal Corps, on the morning 
ot Mareh 7. 


the Designer and Operator of the Internal-Combustion 


His topie Was the Line of Responsibility of 


Motor, and the meeting was held in the hangars of the post 
on North Island, San Diego Harbor, Cal. 


George Kk. Miltenberger, formerly general manager of the 
Fulton Eleetric Light and Power Company, Fulton, Ky., 
has become associated with the Perry County Publie Utilities 
Company, of Perryville, Mo. 


W. E. Winship has accepted the position of general mana- 
ger of the Titan Storage Battery Company, Newark, N. J. 
He was until recently connected with the Adamant Battery 
Company, Boston, Mass., in the eapacity of vice-president. 


W. M. Bosworth has been appointed mechanical engineer 
ot the Louisville and Nashville Railroad Company, with 
headquarters at South Louisville, Ky. Mr. Bosworth was, 
until recently, associated with the Kansas City Southern 
Kailway Company, Pittsburg, Kansas, in the same capacity. 


Russell W. Stovel, formerly connected with Westinghouse, 
Church, Kerr & Company, New York, as managing engineer, 
has become identified with Gibbs & Hill, Consulting Engi- 
neers, New York. 


George J. Gauthier has severed his connection with the 
Trinidad Electric Transmission Railway and Gas Company, 
of Trinidad, Colo., and has become associated with Messrs. 
Allan and Jones under the firm name of Gauthier, Allan & 
Jones, with headquarters in Minneapolis, Minn. 


H. Howell Wilson has become associated with the United 
Gas and Electric Engineering Corporation as engineer of 
power stations of the American Gas and Electrie Engineer- 
ing Corporation, with headquarters in New York. Mr. Wil- 
son was, until recently, superintendent of power plants of 
the Baltimore & Ohio Railroad Company, Baltimore, Md. 


Peter Eyermann, formerly engineer of construction of the 
Witkowitz Steel Works, Witkowitz, Austria, has been ap- 
pointed general superintendent of the new Austrian Steel 
Industry Company, Brux, Bohemia, Austria. 


Willard H. Cobb has become identified with the manufac- 
turing department of the New York Belting and Packing 
Company, New York. He was formerly assistant engineer 
of Westinghouse, Church, Kerr & Company, New York. 


J. W. Sheperdson, assistant chief engineer of the Cambria 
Steel Company, Johnstown, Pa., has resigned to accept the 
position of assistant general superintendent of the Central 
Iron & Steel Company, Harrisburg, Pa. 


STUDENT BRANCHES 
ARMOUR INSTITUTE OF TECHNOLOGY 

Ata meeting of the Armour Institute of Technology Stu- 
dent Branch on March 4, the following officers were elected 
for the coming vear: F. L. Brewer, Jr., president; A. A. 
Anderson, vice-president ; J. A. Agee, secretary ; W. L. 
Juttemever, treasurer. Osear Goetz (1914) gave a talk on 
Kerosene Carburation, and Lyman Close (1915) on 
Vehicle Springs. 

COLUMBIA UNIVERSITY 

A meeting of the Mechanical Engineering Society of 
Columbia University on February 19 was addressed by two 
of the student members, R. P. Piperoux (1914) and H. F. 
Allen (1915). Mr. Allen gave an account of his summer 
shop experiences at the Cooke Works of the American 
Locomotive Company, describing the layout of the plant, 
the work produced, and the methods employed; while Mr. 
Piperoux gave a talk on the Power Plant of the French 
Liner, La France, in which he described the engine room 
and gave many interesting figures concerning the capacities 
and consumption of its various units. 


CORNELL UNIVERSITY 

William Kent addressed the Sibley College Student 
ranch on February 17 on the General Manager. He men- 
tioned the fact that few men have the capacity to advance 
to high executive positions, and said that the qualifications 
necessary are health, education, special knowledge, tact, en- 
ergy, industry, personality, initiative, aggressiveness, and 
a degree of laziness. 

KANSAS STATE AGRICULTURAL COLLEGE 

The organization meeting of the Kansas State Agricultural 
College Student Branch was held on February 20, and the 
following officers were elected: A. A. Potter, Honorary 
Chairman; Victor Whiteside, president; J. D. Parsons, vice- 
W. Wyland, treas- 
urer. Prof. J. D. Hoffman gave an address on Funda- 


president J. 1. Michaels. secretary; C, 


mentals in Heating and Ventilating, in which he made clear 
the distinction between inanimate engineering, Le., piling 
up dollars, and animate engineering, ie., accumulating 
health. To show the poor ventilation of the average public 
meeting place some very interesting figures were given. The 
paper was discussed by Shelby Fall, Prof. L. E. Conrad, 
C. W. Lane, Prof. A. A. Potter, G. B. MeNair, and P. L. 
Meyrick. 
LELAND STANFORD JUNIOR UNIVERSITY 

At a meeting of the Leland Stanford University Mechan- 
ical Engineering Society on February 10, a paper on the 
Sugar Industry in the Hawaiian Islands was read by J. A. 
Gibb, one of the members. This covered the author's expe- 
riences in the islands for the last two years. A general dis- 
cussion followed. 

On February 17, a joint meeting of the mechanical, elec- 
trical, geological, mining, and civil engineering societies was 
held, at which M. M. O’Shaughnessy, city engineer of San 
Francisco, spoke on the Water System of San Diego, cover- 
ing the subject from the time of the Mission Fathers to the 
present. 

A paper on Irrigation Pumping Machinery, by W. H. 
Warren, and another on the Automatie Telephone, by C. F. 
Williams, were read at the meeting of February 24, and 
were discussed by those present. 
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MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

On March 4, C. B. Sawyer of the Dodge Manufacturing 
Company gave a brief and interesting talk on various kinds 
of driving, and showed a comparison of these various kinds 
with rope driving, before the Student Branch of the Massa- 
chusetts Institute of Technology. 

On March 11, B. K. Hough, the New England representa- 
tive of the Richardson Seale Company, gave a talk on Auto- 
matic Weighing and the precision which might be expected 
from the use of this system as applied to grain and coal, 
and also water. He explained at length the advantages of 
the uses of the equal balance and the drip systems. 

MISSOURI UNIVERSITY 

At a meeting of the Missouri University Student Branch 
on February 16, the following officers were elected: F. A. 
Huleman, chairman; IF. H. Frauens, corresponding secre- 
tary; L. L. Leach, secretary and treasurer. Professor New- 
ton gave a talk on pig casting machines, discussing the vari- 
ous makes and their advantages and disadvantages. 

On Mareh 2, L. L. Leach gave a talk on the operation of 
mines in southwestern Missouri and the design and construc- 
tion of the machinery used there. 


OH1O STATE UNIVERSITY 

The following officers were elected at a meeting of the 
student branch of Ohio State University on February 26: 
C. J. Lauer, chairman; C. R. Codner, vice-chairman; L. W. 
Ganschow, secretary; H. D. Winbigler, treasurer. 

On March 5 a banquet was held at which Profs. W. T. 
Magruder, E. E. Sanborn, Horace Judd and F. W. Marquis, 
and A. I. Brown, and Robert Neilan responded to toasts, 
cooperation being the keynote of the evening's discussion. 


PENNSYLVANIA STATE COLLEGE 

A meeting of the Pennsylvania State Student Section was 
held on February 19, at which reports of the senior inspee- 
tion trips to New York, Philadelphia and Harrisburg were 
presented. Professor Mease spoke of the benefits derived, 
and a detailed description of the various plants was given 
by H. L. Swift. 

On Mareh 13 a joint meeting of the branch and of the 
Motive Power Club was addressed by C. E. Barba and H. A. 
Hey. Mr. Barba emphasized the necessity of the codpera- 
tion of the drafting and manufacturing departments of an 
industry; and Mr. Hey of the new field opened to engineers 
by the recent demand for greater safety and increased effi- 
ciency. He stated further that the Society stood ready to 
help the student members whenever possible and urged all 
to take advantage of its help. A reception was held at the 
close of the meeting. 


POLYTECHNIC INSTITUTE OF BROOKLYN 

On Mareh 7 the Student Branch of the Polytechnic Insti- 
tute of Brooklyn listened to an interesting paper on Safety 
Valve Capacity by William R. Van Nortwick of Manning, 
Maxwell & Moore, Ine., in which he pointed out the need 
of having excellent safety valves, since the modern tendency 
in power plants was to run the boilers above rated capacity. 
He illustrated by lantern slides that many boiler explosions 
were due to poorly designed safety valves. 


STEVENS INSTITUTE OF TECH NOLOGY 


The Stevens Engineering Society held a meeting on Janu- 


ary 15, at which Frederick W. Taylor gave a talk on the 
Principles of Scientitic Management. 


SYRACUSE UNIVERSITY 

On February 24, J. E. Rood (1914) gave a talk on the 
History and Development of the Steam Engine, betore the 
Student Branch of Syracuse University. He brietly de- 
seribed the early so-called engines and contrasted them with 
the types of today; comparing them, in conclusion, in re- 
spect to their ability to use the B.t.u.’s generated from 1 lb. 
ot coal. Prot. W. E. Ninde followed with a talk on the 
Value of the Early History of the Steam Engine to the 
Engineering Student. 


UNIVERSITY OF CINCINNATI 

J. 1. Lyle gave an address before the Student Branch of 
the University of Cincinnati on February 12 on Air Condi- 
tioning Machinery, in which he discussed the subjects of dust 
prevention and humidity, illustrating his remarks by lantern 
slides. 

On February 20 the branch made an inspection trip to 
Dayton, Ohio, where a number of plants were visited, in- 
cluding the Home Telephone Exchange, the home of the 
Deleo motor starter, the National Cash Register Company, 
and the Dayton Power and Light plant. 

On March 10, George K. Elliott of the Lunkenheimer 
Company gave a talk on Steam Value as a Metallurgical 
Problem. He spoke of the present day requirements essen- 
tial for a good value and how different metals were alloyed 
to obtain these properties. The lecture was illustrated with 
some fifty slides, the microscopic views showing metal strue- 
ture being exceptionally good. 


UNIVERSITY OF ILLINOIS 
The following oflicers were elected at a meeting of the 
University of Illinois Student Branch on February 27: 
C. R. Velzy, president; J. A. Wilson, vice-president; E. F. 
Gehrig, secretary; J. L. Alden, treasurer. 


UNIVERSITY OF IOWA 
On February 25 at a meeting of the Student Branch of 
the University of lowa, F. A. Wahlgreen gave a talk on 
Some Features of the Keokuk Dam, describing the transmis- 
sion lines and the dam itself. 
UNIVERSITY OF KANSAS 
Prot. F. W. Blackmar, Dean of the Graduate School of 
the University of Kansas, gave a talk before the Student 
Branch on March 5 on Some Factors of the High Cost of 
Living. 
UNIVERSITY OF MAINE 
On February 25 the Student Branch of the University 
of Maine attended the automobile show, holding a meeting 
in the auditorium. Full lines of nearly all the standard 
machines were shown, and the demonstrators explained the 
new improvements to the members. 
UNIVERSITY OF MINNESOTA 
At a recent meeting of the Student Branch of the Uni- 
versity of Minnesota the following officers were elected: 
J. A. Colvin, chairman; J. L. Hartney, vice-chairman and 
corresponding secretary; R. R. Boyles, secretary; A. W. 
Holmberg, treasurer. A review of Mr. Polakov’s paper, 
presented at the Annual Meeting of the Society, was given 
by James A. Colvin. 
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UNIVERSITY OF WISCONSIN 

At a meeting of the Student Branch of the University of 
Wisconsin on February 13, Prot. J. G. D. Mack gave an 
instructive talk on the lite of John Eriesson. 

On March 5, Prof. A. G. Christie gave a talk on the Meas- 
urement of the Flow of Air, which was a brief of the paper 
by W. C. Rowse, presented at the Annual Meeting of the 
Society. 

WASHINGTON UNIVERSITY 

A. W. Lomis of the Westinghouse Electrie Company gave 
an illustrated talk on Steam Turbo-Generators before the 
Washington University Student Branch on February 14, in 
which he compared the relative merits of the reaction type 
with the impulse. 

YALE UNIVERSITY 

The Yale Student Branch held a meeting on February 17 
at which Dr. D. S. Jacobus gave an illustrated talk on the 
Construction and Operation of Steam Boilers. He followed 
the development of the Babeock & Wilcox boiler from the 
early types up to the present stage, and also discussed oil- 
burning boilers, comparing their efficiencies with those of the 
coal-burning boilers. A. C. Staley, Prof. L. P. Breckenridge 
and others discussed the paper. 

On January 21, H. L. Gantt made an address on Training 
Workmen in which he emphasized the facet that the greatest 
inerease in the efliciency of mill workers was obtained by 
giving them individual instruction on how to perform their 
work. He illustrated the effeet of the bonus system by 
charts. 


EMPLOYMENT BULLETIN 


The Society considers it a special obligation and pleasant duty to be the 
medium of securing positions for its members. The Secretary gives this his 
personal attention and is pleased to receive requests both for positions and for 
men. Notices are not repeated exce pt upon special request. Names and records, 
however, are kept on the office list three months, and if desired must be renewed 
at the end of such period. Copy for the Bulletin must be in hand before the 
12th of the month. The published list of “men available” is made up from 
members of the Society. Further information will be sent upon application. 


POSITIONS AVAILABLE 


301 Chief engineer, by concern employing 1000 men 
manufacturing threshing machinery, steam and gas tractors. 
Applicant must be good executive, progressive, with ability 
to handle men and must be thoroughly competent to take 
charge of design and drafting work. Give address with in- 
formation as to past experience, age and salary expected. 

302 Assistant manager, by foundry making a specialty of 
medium and light weight steel castings of high grade. Must 
be eapable of taking complete charge of production in the 
absence of general manager. 


304 Expert steel man, engineer, good executive, familiar 
with manufacture of steel. Must have wide acquaintance and 
ability to secure confidence of steel men. Headquarters at 
Pittsburgh, but considerable traveling in this eountry and 
abroad. Name confidential; apply by letter. 


306 Draftsman, experience in designing small motors or 
generators for automobiles, for factory manufacturing small 
interchangeable parts for electrical apparatus. Location, 
Massachusetts. Only those having three or four years’ expe- 
rience need apply. Salary $18 to $22. 


_ 307 Production manager, old establishment in Connee- 
ticut, requires a man of great force in field of manufacturing 
management. Applicant must have dominate influence in de 
ciding what articles to drop from the present line, what to 
continue manufacturing, the equipment necessary to manu- 
facture them at profit, and what new lines to set up. Class 
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of goods is light brass ware and in coujunetion with this firm 
is a good sized gray iron foundry. 


309 Technical graduate; at least three years’ experience, 
with capital to take financial interest and actively engage in 
a well developed consulting business in New York City. Con- 
fidential; apply through the Society. 


ment. Must be 30 or 35 years of age, with some selling expe- 
rience or adaptability in this direction. Preterence given to 
man with technical training as a mechanical or chemical en- 
gineer, 


320) Manager for oil and gas burning furnace depart- 


337 Draftsman; experienced in and capable of develop- 
ing the design of water tube boilers, including setting plans. 
Must be neat, accurate workman, and have thorough tech- 
nical and practical experience along this line. Confidential, 
apply through the Society. 


338 Technical expert in purchasing department of large 
works near New York, making high-grade light metal prod- 
ucts, to assist in selecting, buying and inspecting the many 
varied materials used; should be good metallurgist, fair 
chemist and familiar with fuels. Name confidential; apply 
by letter. Applicants should give age, education, experience, 
reference and approximate salary expected. 


339 Master mechanic or plant engineer, up in power 
plant engineering, general plant engineering, and able to re- 
duce cost of repairs and manufacture of equipment. Also 
one who has had all-round experience in engineering prob- 
lems pertaining to plant operation. 


340 Experienced sales manager who can invest about 
$5000 in a company manufacturing fireproof heat insulating 
and building material. Salary to be agreed upon. Little 
traveling. Location, New Jersey. 

341 Technical graduate to take financial interest and if 
desired engage actively in water tube boiler specialties busi- 
ness, with a graduate of 20 years’ business experience, who 
controls the United States patents. An interview in New 
York is requested. Name confidential; apply through the 
Society. 

MEN AVAILABLE 


140 Member; trained as a mechanical engineer and ma- 
chinist, with experience as superintendent: for eight years 
conducted office as designing and contracting engineer. De- 
sires position as representative of high-grade concern, prefer- 
ably in field of equipment for the handling of materials in 
Ohio, and adjacent states, if necessary. 


141 Associate-Member; 27 years of age, technical grad- 
uate. Four years’ experience with one of the largest manu- 
facturers of steam turbines in the country. Experienced in 
design, construction testing, and field erection of steam tur- 
bines, condensers, and power plant equipment; thoroughly 
familiar with power plant work and would be able to han- 
dle position as superintendent of power plant. Desires po- 
sition with reliable firm of consulting engineers. Is willing 
to take part interest in business with right party. 


142. Junior, M.E.; familiar with modern shop and office 
practice; good organizer; experienced in boiler manufactur- 
ing and general plate work in engineering. Desires position 
as manager or assistant manager of manufacturing concern 
or a department. 


143 Technical graduate, age 57, with continuous experi 
ence since graduation in engineering work, chiefly in design 
of power plant, mining and mill machinery. More than ten 
years in charge of work as chief draftsman and chief 
engineer. 


144 Member; production engineer and manager; experi 
enced designer, organizer and producer; familiar with best 
methods of management, quality and speed production for 
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machinery, metal goods and textiles. Operated under Tay- 
lor system and others. Present work completed about June 
1, and applicant desires permanent connections with grow- 
ing or large concern desiring to maintain with its own or- 
ganization a permanent policy of efliciency and improve- 
ment. 


145 Member; wide experience in machinery, metals, 
processes and their requirements; has filled efficiently every 
position trom machinist to preduction engmeer and knows 
the cost of production and the value of quality. Accus- 
tomed to placing rigid contracts at rock bottom prices and 
can distinguish between low price and low cost. Desires a 
position as purchasing agent and engineer for large estab- 
lishment. 


146 Member; long experience, best references; compe- 
tent to organize all departments of manufacturing plants 
along modern lines. Desires a position as works manager. 


147 Mechanical engineer, Stevens graduate, with over 
ten years’ practical experience in factory management, de- 
sires to locate as assistant to general manager or as works 
manager. Vicinity of New York preferred. 


148 Associate, married; mature age, manager and di- 
rector; experienced in developing and perfecting organiza- 
tion accounting, costs and analysis, selling departments and 
in the operation of complicated business. Long experience 
with maritime affairs both in this country and in Great 
Britain. Desires a position of executive responsibility. 


149 Member, technical graduate, 31 years of age; exten- 
sive training and experience in central power station work, 
designing, purchasing, superintending construction and op- 
erating departments; consulting engineering work on large 
properties; power production investigations; cost reduc- 
tion; experienced in mill and reinforced conerete construe- 
tion work; at present employed, but desires a change for 
advancement. Desires a position as works manager, me- 
chanical superintendent or efliciency expert with company 
of consulting engineers or large manufacturing corporation. 


150 Member; technical graduate, 39 vears of age, with 
15 years’ experience in machine shops and general mill en- 
gineering, the latter in an executive capacity. Desires a po- 
sition with a large concern in New England. Best references. 


151 Member; technical graduate with advanced degree, 
specialty of efficiency engineering, 10 years’ experience in 
heating and ventilating, power plant engineering and op- 
eration. Desires a position as engineer on operation and 
improvements, with company operating large power plants. 


152. Associate-Member: Cornell graduate would be inter- 
ested in a position as manager with a reliable concern, pref- 
erably a manufacturer of power plant apparatus. Personal 
interview requested. 


153 General utility executive, technically educated as a 
mechanical engineer, who, under the titles of assistant vice- 
president and secretary, has served as a general utility man 
for well-known manufacturers of machinery; duties includ- 
ing sales, advertising, development of new ideas, pushing out 
work and general office management; seeks a responsible po- 
sition where a wide engineering knowledge will be of value. 


154. Associate-Member, Englishman, wishes to represent 
in London, England, an American concern. Wide experi- 
ence in power plant machinery, its design, manufacture, op- 
eration and sales. Experience with several large concerns 
both in England and the United States; preferably a posi- 
tion with a small salary and commission. Intimate with the 
requirements of the British market in this line. Results 
guaranteed. 


155 Junior; technical graduate, four years’ experience in 
shop, drafting room, and office; at present employed as as- 
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sistant to chief engineer with one of the large ball-bearing 
manufacturers. Desires a similar position with manufac- 
turing concern along engineerir; lines. Salary $1500. 


156 Junior member, technical graduate, fourteen years’ 
practical experience, wishes position as superintendent or 
production manager. 


157 Junior, age 29 years, graduate M.F.; eight years’ 
experience in design and erection of steam power plants. 
Desires a position as constructing engineer or assistant to 
mechanical engineer with firm that can offer something of a 
permanent character. Salary $175-$200. 


158 Junior industrial engineer, Junior member, college 
and technical graduate, five years’ experience, desires posi- 
tion with concern contemplating installation of modern and 
systematic methods of manufacturing or starting the manu- 
facture of a new product; can handle men and get results. 
At present and for the past three years emploved as an 
industrial engineer by a large eastern manufacturing corpo- 
ration; work nearing completion, therefore desires to estab- 
lish new and permanent connection with manufacturers de- 
siring executive of energy and ability. 


159 Member; thirty vears’ experience in the largest engi- 
neering firms in England and America; nine years’ experi- 
ence as chief superintendent in steam turbine works, manu- 
facturing all sizes from five to ten thousand horsepower. At 
present employed; desires permanent position as works man- 
ager or superintendent. 


160 Junior, Stevens graduate, 30 years of age, varied 
experience in the office of a consulting engineer; complete 
charge of work and considerable responsibility. Has experi- 
enee in reports, designs and appraisals of numerous indus- 
trial and power plants and municipal works. Best refer- 
ences. 


161 Member; wide experience in designing, building and 
operating. At present in charge of large construction work 
nearing completion, also surface equipment of two mines 
and gravel plant on Pacifie Coast. Has made special study 
of economical methods of handling materials. Aceustomed 
to handling men, organizing crews, drawing up contracts, 
designing and purchasing. Is familiar with steel business. 
Desires connection with some large firm. Prefers to locate 
on the Pacifie Coast. 


162 Mechanical engineer, technical graduate, age 30, de- 
sires responsible position. Thorough knowledge of all types 
of pumps and pumping machinery, gasolene and oil engines, 
steam engines, and sugar house machinery. Drawing room, 
erection room and engineering department ex»nerience in 
large pump manufacturing company. Sugar plantation 
work in Mexico and sales engineer in Brazil. Natural abil- 
ity in handling men and getting results. Best references. 


163 Mechanical engineer, technical graduate, 25 years of 
age; several years’ experience as factory inspector; familiar 
with all classes of manufacturing. Open for engineering 
work. Best references. 


164 Member; wishes to get in touch with concern having 
ample machine shop facilities and organization for build- 
ing and marketing new, fully protected, device for which 
there is a wide and profitable market. 


165 Specialist in the practical manufacture of pumps, 
steam, gas, oil, gasolene and kerosene engines; sales work and 
power plant construction, and until recently vice-president 
of a million dollar corporation manufacturing all forms of 
pumps and prime movers. Desires connection with eoneern 
of some importance in capacity of engineer, or preferably, 
sales work. 


166 Junior member, age 31, single, graduate in mechan- 
ical and electrical engineering departments of large technical 
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school, desires to make connection with firm where industry, 
capacity, and couscientiousness will be appreciated and re- 
warded, Aj plicant has ten years’ experience in operating, 
designing and constructing substations, designing steel tow- 
ers, selling small gas engines, city railway work. Can give 
best of references, and will start at a reasonable salary. 


167 Member, 36 years ot age; qualified to take charge ot 
mechanical matters; experienced in designing, superintend- 
Ing construction and equipment of plants; some experience 
in purchasing and cost departments. 


168 Junior member, age 27 years, graduate mechanical 
engineer, five years’ experience in automobile Inanutacture 
and design, for the last two and one-half years in charge of 
experimental department in one of the leading automobile 
factories building a high priced car. At present employed. 


169 Junior member; consulting mechanical engineer with 
office in Philadelphia wishes to arrange with a company in 
the vicinity able to use a portion of his time. Ten years’ 


practical experience. 


170 Member, technical graduate in mechanical and elec 
trical engineering; six years’ shop experience and four years 
as traveling salesman. Desires to represent a first class com 
pany in Philadelphia or vicinity as manufacturers’ agent. 


171 Managing sales engineer, open for contract to build 
up business with New York as headquarters. Has special 
ized in power plant equipment, contractors and conveying 
machinery. Practical shop and field experience; diplomatic 
and progressive. 


ACCESSIONS TO THE LIBRARY 


With ComMMeNtSs py THe LipraRIAN 

This list includes only accessions to the library of this Society. 
Lists of accessions to the libraries of the A. 1. FE. BE. and A. 1. M. EB. 
can be secured on request from Calvin W. Rice, Secretary Am.Soc. 
M.E. 

AMERICAN JourNAL OF Puptic Hearn. Air Supply and 
Ventilation Number, November 1913. New York, 1913 

Raitway Association. Proe. Regular Session, 
November 19, 1913. Gift of association. 

Tur AMERICAN Sociery or MECHANICAL ENGINEERS. Year 
Book, 1914. New York, 1914. 

SAUTECHNISCHE GESTEINSUNTERSUCHUNGEN, J. Hirsehwald. 
vol, 3, 1912. pt. 2. Be rlin, 1913 

CARNEGIE FOUNDATION FOR THE ADVANCEMENT OF TEACH- 
ING. bul. no. 7, pts. 1-2. New York. Gift of foundation. 

Cremistry or Raw Water Can Ice, J. C. Sparks. Mil- 
waukee. Gift of Vilter Manufacturing Co. 

Exocn Prarr Free Lrerary. 28th annual report of librarian 
to Beard of Trustees, 1913. Baltimore, 1914. Gift of 
library. 

Factory ORGANIZATION AND ADMINISTRATION, Hugo Diemer. 
ed. 2. New York, 1914. 

The second edition has been rearranged and some new matter 
added. The fact that a new edition of 6000 copies is needed after 
four years is good evidence of the interest taken by factory managers 
in questions of administration. 

aNd Desian, H. D. Hess. New York, 
1912. 

HeatiInG aNp VENTILATION. (eat. no. 215. B. F. Sturte- 
vant Company.) Hyde Park. 1914. Gift of company. 

INTERNATIONAL ASSOCIATION OF Fire ENGINEERS. Proce. 
41st annual convention. Roanoke, 1913. Gift of asso- 
ciation. 

Isoverric Drawine, A. P. Jamison. New York, 1971. 

MacuINery’s For Macuine anp Drarrine 
Room. New York. The Industrial Press, 1914. 

The editorial staff of Machinery have been collecting material for 
this work and publishing it from time to time in their periodical. 
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This has been segregated, much new matter added, and the whole is 


now printed in this volume of 1400 paces of handy size. This forms 
an encyclopedia of enginecring data which should be of the greatest 
service to designers and draftsinen. 


MANUAL OF SHOEMAKING AND Learier aND RuBBER PRop- 
vets, Wm. H. Dooley. Bustin, i912. 

MecuanicaL Encixcer’s Rererence Boox, H. H. Suplee. 
ed. 4. London-Philadelphia, 1913. 

MrcnanicaL Laborarory Meruops. The testing instru- 
ments and machines in the mechanical engineering lab- 
oratory and in practice, Julian C. Smallwood. New 
York, D. Van Nostrand Co., 1914. 

The design of Professor Smallwood’s work is to furnish a brief 
manual for students, eliminating material which is readily accessible 
in other books, or with which the students should be already faml- 
liar. Several new testing methods are included, as well as some 
original formulae. 


MILLERS’ ALMANACK ‘TRADE Year-Roox, 1913-14. 
Minneapolis, 1913. Gift of Northwestern Miller. 

NaTIONAL Gas ENGINE AssociaTION. Proe. sixth annual 
convention. Lakemont, 1913. Gitt of association. 

Isaact Newton Orera QuE Exstant Omnia. 5 vols. Com- 
mentaris I}lustrabat Samuel Horsley. London, 1779, 
1882, 1885. 

OBSERVATIONS ON THE ELEVATED AND SUB-RAILWAYS OF 
LONDON, APPLIED TO A MrTROPOLITAN SUB-RAILROAD FOR 
THE City Or New Yorx, O. Vandenburgh. New York, 
1844, 

OFFICIAL CONGRESSIONAL Directory. ed. 2, 1914. (63d Con- 
gress, 2d Session.) Washington, 191%. Gift of U. S. 
Congress, 

Past, Present anp Furure or Ramway Cuvrs. D. M. 
Brady. New York, (975. Gitt ef author. 

Recals. OF CONSTITUTIONAL ARDS. R. G. Brown. An- 
nual address before the Oklahoma State Bar Assovia- 
tion, December 29, 1915. 71913. Gift of author. 

San Francisco ASSOCIATION OF MEMBERS OF THE AMERI- 
CAN Soctety or EnGinxeers. Constitution and 
List of Members, 1914. San Francisco. Gitt of asso- 
elation. 

STATTEN DEUTSCHEN LERENS UND DEU?T. CHER ARBEIT. (To 
the members of the Society in remembrance of their 
Visit to Germany, 1913.) Gift of H. H. Weber. 

Socirry or New York. Annual 1913-1914. 
Gift of society. 

A Ture To IreLanp, H. G. Tyrrell. Gift of author. 

U. S. Commissioner or Navigation. Annual report to the 
Secretary of Commerce, 1913. Washington, 1914. Gitt 
of commissioner, 

Die Watzwerke Berrier. A. Holver- 
scheid. ipaig, 1912, 

Work, WaGes anp Prorirs, H. L. Gantt. ed. 2. New York, 
Engineering Magazine Co., 1913. Gift of Publishers. 

This book was incorrectly entered in the March 1914 issue of The 

Journal, as the gift of Mr. F. M. Griswold. The first edition put- 

lished in 1910, was a small volume of less than two hundred pages, 

This second edition has over three hundred pages with much new 

matter, embodying results in machine shops, metal working and lcco- 

motive building plants. 


Girt OF THe AMERICAN Society OF MecuaNIca. I. NGINEERS 

ApLER AUTOMORILES, Price List, 1913. 

Bayer & Co. The development of the Farbenfabriken vorm, 
1912. 

BERICHT UBER DIE UNTER DEM Vorsitze Sr. Hoheit 
des Prinzen Ludwig von Bayern am 28 Juni 1903. 

Brever & Co., Locomotiv Wasserkrane. eat. no. 5, 1912. 

DARSTELLUNGEN AUS DER GESCHICHTE DER TECHNIK DER 
INDUSTRIE UND LANDWirRTSCHAFT IN BAaYERN, 1906. 

Der Inpustriz Haren. Dy mag-Duisburg. 
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Stahlwerke Rich. Lindenberg, Aktiengesellschatt Rem- 
scheid-Hasten. 

Deutscues Museum: Descriptive pamphlet. 

- Fiihrer durch die Sammlungen. 

— Satzung. 

Vortriige und Berichte. pts. 1-11. 

Verwaltungs Bericht. 3-5, 7-9, 1906-1912. 

A walk through the collections. 

DevutrscneR NATURFORSCHER UND AERzTE. Festchrift der 
LXXI Versammlung Die entwicklung Miinchens unter 
dem einfliisse der Naturwissenschaften. 

DEUTSCHEN VEREINS VON GAS UND WASSERFACHMANNERN, 
Miinchen, 1912. Festschrift zur 53 Jahresversammlung. 
Die Versorgung der Koéniglichen Haupt u. Residenzstadt 
Miinechen mit Gas und Wasser. 

Dit DURCHGEISTIGUNG DER DeUTSCHEN ARBEIT. (Jahrbuch 
des Deutschen Werkbundes 1912.) Jena, 1912. 

FRANKFURT-ON-Matx. New East Harbour (descriptive cata- 
logue). 

——— Das eiserne Jahrhundert, 1813-1913. 

—— Guide to some of the public works. 1907. 

———- Ein Fiihrer durch seine bauten, 1886-1910. 

(TASMOTOREN Faprik Devrz. Erstes und iiltestes Werk fiir 
den Bau von Verbrennungsmotoren. 

GUTEHOFFNUNGSHUTTE, 


(German. ) 


AKTIENVEREIN FUR BERGBAU UND 
HUTTENBETRIEB, Oberhausen (Rheinland). 
IIISTORISCH-BIOGRAPHISCHE BLATTER. Industrie, Handel 


und Gewerbe. (a) Der Regierungsbezirk Cassel, (b) 
Der Regierungsbezirk Wiesbaden. 
HUMBOLDT—MASCHINENBAU-ANSTALT (Gesamt-Katalog). 
ENGINEERING WoRKS. ecat., 1910-1912. 
JaEGER & Co. Pumpen und Gebliise Werk. 
KAHN, J. Grossindustrie und Grosshandel. 159 /. 
KKOLNER BeEzirKs-VEREIN DevuTsCHER INGENIEURE 
SCHICHTLICHE AUFZEICHNUNGEN 50 JAHRE. 
KONIGLICH SACHISCHEN TECHNISCHEN HoOCHSCHULE zU 
DRESDEN. Die Neubauten. 1905. 
KRAUSE, Karu. cat., 1913. 
Machines for the whole paper industry. 
Frrep. Fiihrer durch die Friedrich-Alfred Hiitte. 
Zur Hundertjahrfeier der Firma, 1812-1912. 
Lanz, Herricu. Fiinfzig jahre des wirkens in Landwirt- 
schaft und Industrie, 1859-1909. 2 vols. 
MUNCHEN UND SEINE Batten. 19/2. 
Plane. 
OpeL, ADAM UND SEIN Havs. 
lung, 1862-1912. 
Prarr, Kart. Heidelberg und Umgebung. ed. 3, 1910. 
Pokorny & Macuine Works, Lip. Air Com- 
pressors (English and German). 2 vols. 
RHEINISCHE STAHLWERKE Duisburg-Meiderich. 
1910. 
Rure, F. Reference Book for Statistical Calculations (Eng- 
lish and German). 2 vols. London-Paris, 1905. 
Sack, Rup. cat. of works, 1863-1913. 
Scuiess-Ernst. Catalogue of Machine Tools for Heavy 
Work, 1912. 
SEIDEL UND NEUMANN. 
1868-1908. 
Simon, BUH LeR & BatuMaNN MUHLENBAUANSTALT & Ma- 
SCHINENFABRIK. Abteilung: Miihlenbau. 
Brauerei Milzerei-Einrichtungen. 
Special Katalog fiir Entstaubungs Liiftungs und 


GeE- 


Fiinfzig jahre der entwick- 


cat., 


40 Jahre Fabrikationsgeschichte, 


Heizungs Anlagen. Katalog A,B,D, und Haupt 
Katalog. 
Ricn. LINDENBERG AKTIENGESELLSCHAFT. 


Elektro-Glocken-Stahl. 


Surzer Bros. cat. on Steam Engines. (German and Eng- 
lish.) 2 vols. 


Tuyssen & Co. eat. 
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VEREINES INGENIEURE. 
bei Berlin. 1206. 
Derk VEREIN DEUTSCHER 
1910. 

Voigt & llarrrner, A. G. Die Neuen werke. 

von Dyck, WALTHER GEORG VON REICHENBACH. 1912. 

—— Uber die erriclitung eines Museums von Meister- 
werken der Naturwissenscliatt und Teckuik in Miinchen. 
1905. 

Dig WASSERVERSORGUNG DER KONIGL. Haupt und Residenz- 

ftadt Miinehen ihre entwicklung und ihr gegenwiirtiger 

Stand. 1972. 


Ingenieurwerke an und 


INGENEIURE UND SEINE ARBEITEN. 


UNITED ENGINEERING SOCIETY 


AMERICAN NEWSPAPER ANNUAL AND Directory, 1914. 
Philadelphia, 1914. 
CARNEGIE ENDOWMENT FOR INTERNATIONAL PEACE. Some 


roads towards peace. A report to the trustees of the 
endowment on observations made in China and Japan 
in 1912, Chas. W. Eliot. Washington, 1914. Gitt of 
Carnegie Endowment. 

Atmanac, 1914. New York, 1914. 

INTERNATIONAL ACETYLENE ASSOCIATION. Proce. 16th annual 
convention, 1913. New York, 1970. Gitt of association. 

Patents, Trape-Marks, Design Patents, H. 
Boston, 19138. 

Pocket GLOSSARY OF ENGLISH-GERMAN, GERMAN-ENGLISH 
TECHNICAL TERMS FOR ENGINEER AND MANUFACTURERS, 
J. G. Horner. London, 1913. 

REGULATIONS FOR THE TRANSPORTATION OF EXPLOSIVES AND 
OTHER DANGEROUS ARTICLES BY FREIGHT AND BY EX- 
PRESS AND SPECIFICATIONS FOR SHIPPING CONTAINERS. 
Interstate Commerce Commission. Washington, 1911. 
Gift of Interstate Commerce Commission. 

SPECIFICATIONS FOR Types OF ROADS AND PAVEMENTS AND 
MATERIALS OF CONSTRUCTION USED THEREIN TO BE USED 
BY THE New York State Highway DEPARTMENT REC- 
OMMENDED By A. H. BLancnarp AND P. Husparp TO 
New York State DEPARTMENT OF EFFICIENCY AND 
Economy, December 4, 1913. Albany, 1913. Gitt of 
Messrs. Blanehard and Hubbard. 


C. Thomson. 


EXCHANGES 
INSTITUTION OF CIVIL ENGINEERS. 
193. London, 1914. 
LIVERPOOL ENGINEERING SOCIETY. 
pool, 1913. 
Tur Locomotive. vol. 29. Hartford, 1912-1913. 
Nortu East Coast INstituTion OF ENGINEERS AND SHIP- 
BUILDERS. Trans., vol. 29. Newcastle-upon-Tyne, 1913. 
Stevens Institute oF TECHNOLOGY. 1914-1915. 
Castle Point, N. J., 1914. 


Minutes of Proe., vol. 


Trans., vol. 34. Liver- 


cat., 


TRADE CATALOGUES 

Curtis Pneumatic Macuinery Co., St. Louis, Mo. 
no. 62, air compressors, air hoists, air cranes, ete. 

GARDNER MacuiNne Co., Beloit, Wis. Gardner grinder, Janu- 
ary and February 1914. 

Morris, D. P., Co., Philadelphia, Pa. 
turbines. 

NEUMEYER AND Dimonp, New York. Founders and mana- 
gers of our works, past and present, 92 pp. 

NORTHERN ENGINEERING Works, Detroit, Mich. 
26, northern cranes. 

PERFECTION SPRING Co., Cleveland, 0. 


Cat. 


bul. no. 3, hydraulie 


Cat. no. 


Your new ear, 1914. 


Wire Carnie Co., Boston, Mass. Simplex 
manual, 1914. 
Terry STEAM TURBINE Co., Hartford, Conn. bul. no. 6, 


Terry vertical steam turbine blower unit, Mareh 1910; 
bul. no. 7, gas blowers, October 1910; bul. no. 11, cupola 
blowers, June 1911; bul. no. 12, gas blower data, Sep- 
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tember 1911; bul. no: 14, generating sets, September 
1911; bul. no. 15, test of a high pressure blower set, 
October 1911; bul. no. 16, marine service, June 1912; 
bul. no. 17, return flow turbine, October 1913. Cat. 13, 
Terry turbine, 100-h.p. as installed in new stations of 
the Boston Elevated Railway and Minneapolis General 
Electric Company, October 1911. Terry Service, 11 pp. 
Terry turbines, 12 pp. 

Unper-Frep Stoker Co. or America, Chicago, Ill. 
ity magazine, January 1914. 


Publie- 


PUMPING WATER BY COMPRESSED AIR 


List Or ComPILED By HELEN M. Craic, REFER- 
ENCE LIBRARIAN, ENGINEERING Societies LIBRARY. 


An INvestTiGaTION Or THE AIR Lirr Pump, Geo. J. Davis 
and Carl Robt. Weidner. University of Wisconsin, 
Bulletin, Engineering Ser., vol. 6, no. 7, 1911, 167 pp. 
il. Madison, Wis., Price, 40 cents. Gives data obtained 
from experiments, also a brief history of the use of 
compressed air for pumping. Pages 161-167 contains 
a bibliography, dating from 1885. 
Air Lirr System, F. W. Schmidt. 
Monthly, January 1913, pp. 273-278. 


THE Yale Scientific 


Ratsinc Water sy Compressep Air, Frank Richards. 
Power, vol. 35, pp. 684-685, 1912. 
ComMpresseD Air For Raising Water, Frank Richards. 


Compressed Air, July 1912, pp. 6484-6487. 

PumrinG sy Compressep Air, Herbert T. Abrams. School 
of Mines Quarterly, vol. 33, pp. 293-311, 1912. Abstract 
in Canadian Engineer, vol. 22, pp. 779-784, 1912. Dis- 
cussion of the four methods of using compressed air 
tor raising water. 

EXPERIMENTS with Arr Lirrs. Engineering Record, vol. 
Oo¢, pp. 745-746, 1908. Tests made on a driven well 174 
ft. deep to determine the amount of water raised, air 
required, ete. 

Compressed Ain PumMpinG PLant, Meripian, Ipano, Le Roy 
W. Allison. Power, December 16, 1913, pp. 842-843. 
Test or AN Arr Lirr Piant at AtLantic Crry, 
AND EXPERIMENTAL Stupies or Arr Lirt Pumps. Engi- 
neering News, vol. 59, p. 666, 1908. The wells averaged 

101 ft. in depth. 

Wetts py Compressep Air ror Water Suppiy at 
PaLMERSTON, Ontario, O. W. Smith. Canadian Engi- 
neer, Vol. 16, pp. 481-484, 1909. 

Artesian Pumping py Compressep Air, H. Tipper. 
Engineering News, vol. 59, p. 66, 1908. 

Raising Water with Compressep Arr, Philip R. Bjérling. 
Municipal Journal, vol. 15, pp. 245-249, 1903. Abstract 
from the Engineering Times, London. 

Ain Pumpinc or tHe Reptanps Water Co. 
Engineering Record, vol. 51, p. 8, 1905. 

A Test or THE Ponte Air Lirr Pump ar DeKa es, 
L. B. Merriam. Engineering News, vol. 32, p. 27, 1894. 

Deep Wett Pumprna, E. E. Johnson. Western Society of 
Engineers, Journal, vol. 2, pp. 169-189; discussion, pp. 
190-229, 1897. Describes the application of compressed 
air as used by the Pohle air lift. 

On THE Ratsinc or Water py Compressep Air, AT Pree- 
SALL, Lancasuire, James Kelly. Institution of Civil 
Engineers, vol. 163, pp. 353-378, 1905-1906. 

Raising Water sy tHe Air Lier. 
31, p. 363, vol. 52, p. 26, 1895. Deseription of plant at 
Rockford, Ill. The wells are 387 ft. deep. 

PuMPING By Compressep Air, Edward A. Rix. Association 
of Engineering Societies, vol. 25, pp. 173-216, 1900. 
Description of various kinds of pumps. 

Deep Pumprna Macuinery, D. W. Mead. American 

Water Works Association, Proc., vol. 18, pp. 146-152; 

discussion, pp. 152-153, 1898. 


Engineering Record, vol. 
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Supplying WatTeR FROM Deer WELLS By COMPRESSED AIR, 
C. W. Wiles. American Water Works Association, 
Proc., vol. 20, pp. 22-24; discussion pp. 24-29, 1900. 


A Diese, ENGINE-Driven Air-Lirt PuMpPING PLaNtT. En- 
gineer (London), March 13, 1914, p. 287-288. 
DESCRIPTION OF AND Test Data ON THE HiGguH Duty AIR 


Lirt Water PLANT at PLAINFIELD, N. J. Engineering 
and Contracting, December 24, 1913, p. 709-711. 


BOOKS 


GREENE, Arruur M. Pumping Machinery, a treatise on the 
history, design, construction and operation of various 
forms of pumps. New York, Wiley, 1911. 

Chapter 15—Air-lift Pumps and Pneumatic Pumps. 

Harris, Etmo G. Compressed Air, Theory and Computa- 
tions. New York, McGraw-Hill Book Co., 1910. 

Chapter 6—The Air-lift Pump. 
Hiscox, GarpNer D. 
and applications. 
Chapter 32-— Compressed air work. 
raising water. 
Chapter 36—Patents issued by the United States Patent 
Office on compressed air and its appliances, from 1875 
to July 1, 1901. 

PeEeLe, Ropert. Compressed Air Plant. Ed. 2. 
Wiley, 1910. 

Chapter 25—Pumping by the direct action of compressed 
air. 

Ricuarps, Frank. Compressed Air Practice. 
McGraw-Hill Book Co., 1913. 

Chapter 24—The Air-lift. 

Rocers, Pumps and Hydraulies. 
York, Audel, copyright, 1905. 

pp. 79-90—The Air-lift Pump. 

Saunpers, W. L., editor. Compressed Air Information; or, 
a Cyclopedia containing practical papers on the pro- 
duction, transmission and use of compressed air. New 
York, “ Compressed Air,” copyright, 1903. 

Ginson, A. H. Hydaulies and its Application. 
Van Nostrand, 1908, pp. 668-674. 

PeeLe, Rosert. Compressed Air Plant. 
Wiley, 1910. 

Greene, Artuur M. Pumping Machinery. History, design, 
construction and operation of various forms of pumps. 
New York, Wiley, 1911. Chapter 13—Air lift pumps 
and pneumatic pumps. 


Compressed Air, its production, uses 
New York, Henley Co., 1901. 
Compressed air for 
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New York, 


Part 2. New 


New York, 
The air lift pump. 
Ed. 2. New York, 


HIGH PRESSURE FIRE SERVICE 

BaLtTimorE Hicgu Pressure Fire Service, James B. Scott. 
American Society of Mechanical Engineers, Journal, 
March 1913, pp. 373-419. 

THe Pressure Fire Service, John E. Codman. Enyi- 
neers’ Club of Philadelphia, Pro eedings, October 1913, 
pp. 325-37; diseussion pp. 337-40. 

Tue DesiGN, CoNsTrRUCTION AND OPERATION OF THE BALTI- 
Hicgu Presstre Fire SERVICE SYSTEM. Enginerr- 
ing and Contracting, vol. 39, pp. 436-43, 1913. Gives 
construction costs and results of tests. 

High Pressure Fire Mains 1n John E. 
Codman. Engineering Record, vol. 66, p. 523, 1912. 
MANAGEMENT OF Hicu Pressure Fire Systems. Engineer- 
ing Record, vol. 65, pp. 580-81, 1912. Committee Re- 

port of National Fire Protection Association. 

High Pressure Fire Service System Bavtimore. Mb. 
Engineering News, vol. 68, pp. 210-11, 1912. Gives re- 
sults of tests made by the National Board of Fire Un- 
derwriters. 

Battimore Hicu Service Fire System. Insurance Engi- 
neering, August 1912, pp. 72-83. Quotes from report 
of National Board of Fire Underwriters. 
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San Francisco High Pressure Fire System, W. H. Tick- 
nor, Insurance Engineering, September 1912, pp. 129- 
140. 

BaLtimore Pressure Fire Service. 
nal, vol. 33, pp. 107-110, 1912. 

High Pressure Fire Service COMPARED WITH PORTABLE 
Fire Enaines, Chas. A. Hague. American Water 
Works Association, Proceedings, 1911, pp. 369-91. 

Hicu Pressure WATER SERVICE FOR Fire Prorection, J. B. 
Sando. Western Society of Engineers, Journal, vol. 16, 
pp. 117-138; discussion pp. 138-142, 1911. Deseribes 
systems used in various cities. 

High Pressure Service New York City, Edward F. 
Croker. Fire and Water Engineering, vol. 48, pp. 
145-6, 1910. Paper read at convention of International 
Association of Fire Engineers. 

High Pressure Fire Service: Its Operation anp Erri- 
cIENCY, J. E. Buchanan. Fire and Water Engineering, 
vol. 48, pp. 147-8, 1910. Paper read at convention of 
International Association of Fire Engineers. 

High Pressure Fire Prorecrion System at OAKLAND, 
Cat. Engineering Record, vol. 62, pp. 97-99, 1910. 
Hicu Pressure Fire Service Pumps or MAaNuattan Bor- 

ouGH, City or New York, R. C. Carpenter. American 
Society of Mechanical Engineers, vol. 31, pp. 437-62; 
discussion pp. 462-510, 1909. 
High Pressure Service, H. V. Ross. Munic- 
ipal Journal and Engineer, April 28, 1909, pp. 707-09. 
PROTECTION AT San Francisco. Municipal Journal 

and Engineer, June 16, 1909, pp. 1099-1102. 

Toronto High Pressure Fire System, C. L. Fellowes. 
American Water Works Association, Proceedings, 1909, 
pp. 700-10. 

THE BrooKLYN Pressure Water SysteM FOR FIRE 
PROTECTION. Engineering Record, vol. 57, p. 702, 1908. 


Municipal Jour- 
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City OF WINNIPEG, HIGH PRessURE FIRE SERVICE. 
dian Engineer, vol. 15, pp. 407-08, 1908. 


Cana- 


New York’s Oreratep High Pressure Wa- 
TER SysteM FOR Fire Protection. Electrical World, 
vol. 51, pp. 555-58, 1908. 

Proposep AuxiLiary Pressure Fire Prorection Wa- 
TER SuppLy at Hartrorp, CONN. Engineering News, 
vol. 58, p. 53, 1907. With table showing fire protection 
in 21 eities. 

American 

1906, pp. 


High Pressure Water Systems, F. L. Hand. 
Water Works Association, Proceedings, 
411-52. Gives costs of Philadelphia system. 


PuiuapELPpHiaA Gas ENGINE PUMPING STATION FOR FIRE 
Service. Engineering Record, vol. 49, pp. 309-13, 1904. 


3,000 Horsepower GAs ENGINE PUMPING STATION FOR Hicu 
Pressure Service, J. R. Bibbins. Engineer (Chicago), 
vol. 41, pp. 206, 239, 272, 1904. 


Gas Power ror Hicu Pressvre City Fire Service, J. R. 
Bibbins. Cassier’s Magazine, vol. 25, pp. 387-406, 1904. 


Fire Mains, John C. Trautwine, Jr. Engineers’ Club of 
Philadelphia, Proceedings, vol. 20, pp. 42-78; diseussion 
pp. 79-82, 1903. Reviews systems installed in various 
cities. 

PHILADELPHIA Hicgu Pressure Fire Service, John E. Cod- 
man. Engineers’ Club of Philadelphia, Proceedings, 
vol. 20, pp. 83-98; discussion pp. 99-101, 1903. 


A New 2,300 H.P. Gas EnGine For 
PRESSURE Fire SERVICE IN PHILADELPHIA. Engineering 
News, vol. 48, pp. 144-45, 1902. 


DESCRIPTION OF THE SEPARATE HiGH Pressure Fire Serv- 
IcE System AT ProvipeNcE, R. I., Edmund B. Weston. 
New England Water Works Association, vol. 13, pp. 
85-91; discussion pp. 91-3, 1898. 
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C. I. Earuu, Publication Committee 
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LOCAL MEETINGS 
Atlanta: J. S. Coone 
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Buffalo: W. H. Carrier 
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Cincinnati: A. L. DeLeeuw 
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Minnesota: Max Toltz 
New Haven: E. 8. Cooley 
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Fifty-three lantern slides with descriptive notes on the 
Engineering Societies Building, the home of the Society, 
are at the disposal of the local sections and student branches 
of the Society, and may be secured upon request from the 
Secretary. 


NOTES 


Elhott H. Whitlock, Manager of the Society, who has been 
connected with the carbon industry and the management of 
plants in other lines for nearly eighteen years, has recently 
opened his own office in Cleveland as consulting engineer 
and earbon expert. Mr. Whitlock is naturally familiar with 
all the details of carbon manufacture and its economical 
production. He will specialize also in eflicieney manage- 
ment, installing new methods in manufacturing concerns 
which are not now on a paying basis, so that they may con 
tinue on a sound basis. 


Theodore T. Mersereau has been appointed inspector of 
steam and motor vessels for the inland waters of the State 
of New York, under the Department of Public Works, with 
headquarters at Albany. He has been for the past five vears 
Atlantic Coast representative for the Kingsford Foundry & 
Machine Works of Oswego, N. Y., in the marine boiler de- 
partment. Mr. Mersereau still retains his membership on 
the advisory committee for marine engineering of the West 
Side Y. M. C. A. school of marine engineering, now in its 
tenth vear. 


At the annual meeting of the Polytechnie Institute ot 
Brooklyn Student Branch on April 25, Calvin W. Rice, See- 
retary of the Society, delivered an address. 


Julian Richmond, assistant engineer of the Board of 
Water Supply of New York, has been commissioned to estab 
lish the city exhibit at the International Urban Exhibition to 
be held at Lyons, France, between May 1 and November 1, 
and will sail for France within a few weeks. 


Stewart M. Marshall, formerly chief engineer of the Cam 
bria Steel Company, Johnstown, Pa., has accepted the posi 
tion of assistant general manager of A. J. Haws & Sons, 
Ltd., of the same city. 


The New York office of the Mumtord Molding Machine 
Company was closed April 1, and E. H. Mumford, viee-presi 
dent and general manager, has moved his oftice to the fae- 
tory in Chicago, IIL. in order that he may be in close touch 
with the business. 


Chester W. Wilson, until recently associated with the Saco 
Lowell Shops, Lowell, Mass., has accepted the position ot 
assistant superintendent of the Dolphin Jute Mills, Pater- 
son, N. d. 


C. J. Kryzanowsky has beeome connected with The Crown 
Cork & Seal Company, Baltimore, Md. He was formerly 
in the employ of the General Motors Company, Detroit 
Mich. 


Bernard M. Fine, who was until recently draftsman of the 
Standard Roller Bearing Company, Philadelphia, Pa., has 
aceepted a position with the Dunlap Wire Wheel Corpora- 
tion of America, Richmond Hills, L. 1... N. Y. 


Norman B. Roper has become general superintendent ot 
reduction works of the Backus & Johnston Company, Casa 
palea, Peru, S. A. 


William F. Austin, until recently superintendent of the 
Eddystone, Pa., plant of the Belmont Lron Works, has ae- 
cepted the position of superintendent of the New England 
Structural Company, Everett, Mass. 


(. Howard Bartlett is now vice-president of Chas. A. G. 

Winther Company, Ine., Boston, Mass. He was formerly 
construction engineer with the Stone & Webster Engrg. Cor- 
poration of the same city. 
_ John E. Fulweiler has accepted a position with the Amer- 
ican Gas Utilities Co., Atlanta, Ga., as engineer. He was 
until recently associated with Perkins, Fulweiler & Com- 
pany of Philadelphia, Pa. 


LIBRARY 


AFFAIRS 


STUDENT BRANCHES 
ARMOUR INSTITUTE OF TECHNOLOGY 


At a meeting on April 1 of the Armour Institute of 
Technology Student Branch, W. A. Blonck read a paper on 
Modern Boiler Room Operation, which was illustrated by 
lantern slides. 

CARNEGIE INSTITUTE OF TECHNOLOGY 

The Carnegie Institute of Technology Student Branch 
held a meeting on Mareh 16, at which Geo. S. Cooper, 
Mem. Am. Soc. M. E., spoke on the Buckeye Locomobile. 
Mr. Cooper traced the history and development of the loco- 
mobile trom its origin in Germany to its present state; 
he then continued with the advantages to be gained from 
the adoption of the unit power plant, giving results that 
have been obtained from this kind of motive power under 
test, which showed the steam and coal consumption to be 
exceedingly small. The paper was illustrated by lantern 
slides and a general diseussion followed, 

COLUMBIA UNIVERSITY 

Target Practice was the subject of the talk given by 
Lieut. B. R. Ware, U.S.N., before the Mechanical Engi- 
neering Society of Columbia University on March 18. Lieu- 
tenant Ware first pointed out the importance of target prac- 
tice, citing how superior marksmanship in the Spanish- 
American and Russo-Japanese wars played the leading part 
in the victories. He then explained to the audience the 
method of range finding, the extensive systems of commu- 
nication within the ship, and the control and firing of the 
big guns. As an illustration of the damage wrought by 
the huge shells, and the accuracy of the gunners, Lieutenant 
Ware told of the target practice on the old Texas, where con- 
ditions were made as nearly as possible like actual battle 
conditions. A general followed the address. 


discussion 


KANSAS STATE AGRICULTURAL COLLEGE 

The first regular meeting of the Kansas State Agricul- 
tural College Student Branch was held March 5. Prot. Roy 
A. Seaton, Junior, American Society of Mechanical Engi- 
neers, gave an extemporaneous talk on Centrifugal Air 
Compressors, discussing the development of the compressor, 
its application and desirability of use. W. W. Haggard 
gave a review on the operation of large boilers, pointing 
out the method of testing for efficiency and system of man- 
agement. W. A. Buch reviewed the papers published in the 
January and February issues of The Journal, with special 
reference to the more theoretical articles. 

LEHIGH UNIVERSITY 

Geo. P. Nachman gave a brief talk on Improved Gear 
Cutting Methods, at a meeting of the Lehigh University 
Student Branch on Mareh 24. His talk summarized the 
means used to form spur gears, and touched on the Fellows 
gear shaper. Calvin W. Rice, Secretary of the Society, fol 
lowed with a short address on the Greater Appreciation of 
the Engineer. <A social evening followed. 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

On Mareh 25 Henry K. Rowell, Member American So- 
ciety of Mechanical Engineers, gave a detailed discussion 
of his experiences in the layout of cotton mills, and illus- 
trated his talk with lantern slides. 

On April 1 Ralph E. Curtis, Member American Society 
of Mechanical Engineers, gave a unique talk on the Purchas- 
ing of Supplies. He dwelt at length upon the importance 
of an intelligent description of what was wanted; touched 
on the financial and organization element, and concluded 
with an appeal for coéperation between the engineer and the 
purchasing agent. 
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OHIO STATE UNIVERSITY 


On March 25 the Ohio State University Student Braneh 
were the guests of the electrical engineering student branch 
ot the same university. The address was delivered by R. 
kk. Rohrer and J. J. Linebaugh of the General Electric Com- 
pany on The Electrification of the Butte, Anaconda and 
Pacifie Railroad Company. 

On April 1 Prof. Wm. T. Magruder, Member American 
Society of Mechanical Engineers, lectured on the Engineer- 
ing Societies Building in New York, and illustrated his talk 
with lantern slides. A number of students from the mining 
and electrical engineering student branches were present. 


POLYTECHNIC INSTITUTE OF BROOKLYN 


On April 4 Carl F. Dietz, Member American Society of 
Mechanical Engineers, spoke before the Polytechnic Insti- 
tute Student Branch on the subject of Grinding. Mr. Dietz 
brought samples of grinding from the Norton Grinding Com- 
pany, as well as numerous lantern slides, all of which demon- 
trated that grinding has had a marked influence on machine 
shop practice, and that its consideration in the engineering 
world demands careful study by the engineer. 


RENSSELAER POLYTECHNIC INSTITUTE 


At a meeting of the Rensselaer Polytechnic Institute Stu- 
dent Branch on March 26, A. Padron described the Unitlow 
Engine, including a graphical method for determining the 
best compression for a given cut-off. Prof. A. M. Greene, 
Jr., Member American Society of Mechanical Engineers, fol- 
lowed with an illustrated lecture on the Engineering So- 
cieties Building in New York, which was illustrated by lan- 
tern slides. 

On April 13 C. Finch presented a paper on the Design 
of a 700-H.P., Double-Runner, Horizontal Hydraulie Tur- 
bine, and W. Schutz on the Design of a 400-H.P., Three- 
Cylinder Diesel Engine for Marine Service. 


STEVENS UNSTITUTE OF TECHNOLOGY 


On February 24 Stevens Engineering Society was ad- 
dressed by Edwin B. Katte, Member American Society of 
Mechanical Engineers, on the Electrification of the Grand 
Central Terminal. The lecture was illustrated by lantern 
slides giving in detail the development of the electrical 
equipment of the New York Central Railroad, showing the 
new and the old type of electrical locomotives, methods of 
distributing power, and detail descriptions of the power 
houses. 

On Mareh 13 Arthur E. Kennelly, professor of electrical 
engineering at Harvard University, delivered a lecture on 
Submarine Cable Telegraphy. The manufacture, operation 
and repair of cables were fully described by one who enjoys 
an enviable reputation as an authority on the subject. 

Henry Hess, Member American Society of Mechanical En- 
gineers, was the speaker at the meeting of March 24, and 
chose as his topics: Engineering Manufacture and Profit and 
Loss; and Color Photography. 


UNIVERSITY OF CALIFORNIA 


The following papers were read at the meeting of the 
University of California Student Branch held March 24: 
Methods and Means of Water Purification, G. A. Bush; 
The Depreciation Factor in Business Ventures, G. H. Briggs. 


UNIVERSITY OF CINCINNATI 


The University of Cincinnati Student Section was ad- 
dressed on April 14 by Kenneth C. Grant, Member Ameri- 
can Society of Mechanical Engineers. Mr. Grant’s subject 
was Flood Prevention in the Great Miami Valley. He cited 
the natural and artificial causes of floods and enumerated 
three general prevention methods. The work that has been 
done by the Dayton Flood Prevention Committee was out- 


lined and the results given of the engineering studies made 
under the direction of this committee. The studies showed 
that the cost of channel improvements would be prohibitive 
and that such improvements would seriously increase flood 
damages in the communities located in the lower valley, but 
that the entire valley could be protected by a system of seven 
“dry” reservoirs at a cost of about $17,000,000. The Con- 
servancy Act of Ohio, necessitated by the lack of legal ma- 
chinery tor the codperation of the various interests that 
would be benefited by the wide-spread flood protection af- 
forded by the reservoirs, was explained in detail. Mr. Grant 
illustrated his talk with numerous lantern slides showing 
views of the Miami Valley during the flood of March 1913, 
and of some of the largest flood prevention reservoirs of 
Europe. In connection with the latter, it was stated that 
concrete had found little application in Europe for reservoir 
construction, broken stone being favored. 


UNIVERSITY OF ILLINOIS 


A meeting of the University of Illinois Student Branch 
was held on April 10, and Prof. 0. A. Leutwiler, Member 
American Society of Mechanical Engineers, was the speaker 
of the evening. His topic was the Voting Machine, a sub- 
ject on which he is well versed, as he was one of the com- 
mittee appointed by the Governor to investigate the voting 
machines prior to their installation in Chicago. 


UNIVERSITY OF KANSAS 


At a meeting on April 2 of the University ot Kansas 
Student Branch the following topies were discussed. Pres- 
ent Trend in Mechanical Features of Automobiles, C. L. 
Coggrins; and Up-to-Date Methods of Freight Handling on 
Large Railway and Steamship Terminal, D. B. Kliehege. 

On April 16 W. L. Burdick presented a paper on Patent 
Laws, in which he gave a history of patent laws in this 
country and Europe. He defined patent as the exelusive 
right to manufacture, sell or use an article. A patentable 
article must be new and novel, and must be useful. Any new 
and useful art, machine, manufacture, composition of matter 
or design is provided tor by law. If a deseription of the 
article has been published, or has been offered tor sale for 
two years or more, it cannot be patented. Anyone can take 
out a patent, but the inventor or designer himself must make 
the application. The petition must contain a description of 
the article, followed by the claim of the originator, and ae- 
companied by a fee of $15. Final papers, if secured, cost 
an additional $20. If two parties petition for a patent for 
the same thing at about the same time, this state of affairs 
is termed an “interference.” The following points were 
brought up in the discussion: Prof. F. H. Sibley told what 
the phrase “ patent applied for” meant; W. J. Maleolmson 
asked if manufacture of an article forestalled getting it 
patented; Mr. Allison discussed obtaining patents in for- 
eign countries, and C. L. Coggins began the discussion con- 
cerning the rights of an employee who invented a device. 
Prof. J. D. Garver enlarged on the master and servant doe- 
trine and the ethieal relation to the engineer. 


UNIVERSITY OF MINNESOTA 


At the April meeting of the University of Minnesota Stu- 
dent Branch the following members of the faculty were 
elected to honorary membership: Wm. H. Kavanaugh, John 
Van S. Martenis, S. Carl Shipley, Frank B. Rowley, and 
W. H. Martin, all members of the Society. The operation of 
Large Boilers, by J. W. Parker and published in The Jour- 
nal for February, was the subject of a review by A. L. 
Buenger. C. F. Shoop, of the department of experiment- 
al engineering, presented a paper on the Standard of 
the Engineer. He said in part: “The public holds many 
professions in higher esteem than the engineering profes- 
sion, and in many respects the public is justified in its 
opinion. This is due to our apparent lethargy and lack of 
a spirit of aggressiveness along lines which largely con- 
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tribute to the molding of publie opinion. The public de- 
mands that we take a more active part in public problems 
and issues; public sanction makes it a duty, a responsibility ; 
and our professional dignity and standing is seriously 
affected by our lack of public spirit. Failure to fulfil duty 
in respect to public affairs creates a suspicion as to our 
ability. Many men possess the inert qualifications necessary 
for a ligher standing, yet practically preclude themselves 
from possible advancement by lack of action. In general. 
the engineering field is complex and intricate and requires 
for a tull solution of its problems the expenditure of mueli 
more mental energy and apparent fatigue than is required 
in many of the so-called learned professions. Furthermore, 
its works and achievements do not in general receive the 
equivalent credit and deserving recognition. A pliysician 
can conceal his mistakes, a lawyer gloss over an untavorable 
decision; their dealings are to a large extent with individuals: 
but the engineer dealing with the public must be prepare | 
to withstand publie censure. Then if the engineer is not a 
forcible man of affairs, he cannot carry a compelling recog 
nition to the public mind. Many of us are cognizant of the 
above facts. We lower our standard by the stain of false 
impression due to lack of aetion. Some of us seeming) 
do not care, while others lack the confidence and persuasive 
power ‘in speech due to lack of practice. While it is true 
that flueney in speech is a gift possessed by few, it is be 
heved that the essential elements of public speaking are 
susceptible of cultivation and with proper training will pro 
duce a phaney and facility of speech to meet the require 
ment of the engineer. In this cultivation we dare not be seo 
narrow as to place our cultural studies and subjects beneail 
the technical. It is often advanced by engineering students 
that the study of cultural subjects is an absurd waste of 
time. They have the misleading idea that correctness oi 
form and clearness of expression are of secondary importance 
in the practicing field and that the exercise of such avilities 
is foreign to their profession. Later in the practicing tield 
they find that, while they can marshal facts and deduce cou 
clusions, they cannot present these deductions with clearness 
and foree. In order to win tavorable judgment it is neces- 
sary to present thoughts convincingly. ln other words, 
‘English is not only a means for engineers to express them 
selves in engineering reports, but it is also a means for en 
gineers, as members of a profession, to take their stand with 
members of other professions as eultured men of the 
world, ” 


UNIVERSITY OF MISSOURI 


On April 6 the University of Missouri Student Branch 
held a meeting at whieh F. A. Fraune gave a talk on Satety 
Engineering. The lecture was well illustrated with lantern 
slides, 

UNIVERSITY OF NEBRASKA 

Prot. J. D. Hoffman, Member American Society of Me- 
chanical Engineers, was the speaker at the March 9 meet- 
ing of the University of Nebraska Student Branch, and 
he chose as his topic, the history of The American Society 
ot Mechanical Engineers from the Beginning. He coneluded 
with an account of the home of the Society in New York, 
which he illustrated with lantern slides. 

On April 7 the subject of discussion was Engineering in 
Japan, by H. Ichinose and N. Sato. Mr. Ichinose took up 
the subject of railroads, giving conditions before and after 
their advent. He illustrated by drawings the types of loco- 
motives used, giving their size, gage, wheel base, ete. At first 
nothing but American and English locomotives were used, 
but at present all are made in Japan. The maximum speed 
is about 40 miles per hour, due to the narrow 42-in. gage; 
the cost of building is $45,000 to $55,000 per mile. At pres- 
ent there are 7000 miles of railroad over an area equal to 
that of California. Mr. Ichinose had on exhibition several 
engineering books in Japanese, among them specifications for 
locomotives and boilers. Mr. Sato took up manufacturing 
and by means of lantern projections showed the curious 
method in which the Japanese do things: how they build 
bridges, canals, and how they erected their large buildings. 
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le said that great care had to be taken on account of earth- 
quakes. Engineering had been held back in the past on 
account of lack of iron ore for steel construction work, but 
they had taken long strides since the Russian War and the 
present outlook was bright. Chemical engineering was de- 
veloping rapidly and would exceed all other classes in a 
short time. 


EMPLOYMENT BULLETIN 


Fhe Society considers it a special obligation and pleasant Guty to 
be the medium of securing positions for its members. The Secretary 
xives this his personal attention and is pleased to receive requests 
both for positions and for mer Phe published list ot men uvail- 
able” is made up from members of the Society. Notices are not 
repeated except upon special request. Names and records, however, 
are kept on the office list three months, and if desired must be re 
newed at the end of such period. Copy for the Bulletin must be in 
hand before the 12th of the month Further information will be 
sent upon appliention 


POSITIONS AVAILABLE 


342 Young electrical and Ine has al engineer with ex- 
perience in designing of machinery and power systems for 
industrial service, construction and erection; must be a good 
calculator and have executive ability. Location, New Jersey. 


11 General superintendent or tactory manager for a 
completely equipped plant for manutacturing grinding 
wheels of all kinds. Requirements are experience, capacity, 
rehability and ingenuity. Location, New England. Name 
strictly confidential. Apply by letter through the Society. 


102) Beginning September lL. 1914. one of the leading uni- 
versities desires well-traimed, experienced researel: assistant 
in mechanical engineering at salary of $1600 for 12 months’ 
service with one month's vaeation on pay. Also experienced 
instructor mechaieal engineering laboratory practice at 
salary of $1200 for ten months’ service. Full statement of 
applicant's traming and experience, together with recent 
photograph and list of references, is required. Location, 


Middle West. Apply through Society. 


104 Master mechanic or mechanical engineer, between 
jo and 45 vears old, in Southern paper mill to take charge 
of mechanical equipment, operation and maintenance, also 
mill buildings maintenance. One who has had paper mill 
experience and in handling Southern white help preferred, 
Salary, #1800-$2000, Location, eastern Texas. 


5 Designer of a line of marine type Diesel engines of 
from ten to forty-five horse power. Location, New Orleans, 
La. 


Two drattsmen; design of railway construction dump 
cars. Location, New York. 


10 Assistant to engineer in design of large hydro- 
electric developments. Must be familiar with all branches of 
this work, competent to develop designs with only genera! 
supervision. Give full record of training and experience, 
letters of recommendation or references, and salary desired. 
Location, Pennsylvania. Name confidential. Apply through 
the Society. 


110) Superintendent of building operations, comprising 
considerable ferro-conerete work, furnace and other construe- 
tions. Man preferred between 35 and 55 vears of age, who 
has had extensive experience in large factories in the heavy 
chemical trade and capable of carrying out details and at- 
tending to construction work. Location, Delaware. 


411 Engineer, thirty vears of age, experienced in pro- 
duction of engineering work, also practical manufacturing. 
Location, New York. 


412 Young, aggressive man capable of managing a manu- 
facturing proposition. Experienced in manufacturing, thor- 
oughly dependable. Could make an investment of $25,000 
or $50,000 if he should find the right party. Location, east- 
ern Missouri. 
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423 Member, wishes to get in touch with a manutactur- 
ing concern that would consider manufacturing an entirely 
new type of automobile wheel which is more durable, more 
resistant and lighter than the present type of wheel, patents 
for which have just been applied for. 


424 Technical graduate, with several vears’ experience, 
will buy an interest in consulting engineering business if 
earning power can be shown. Location, eastern Pennsyl- 
vania preferred. 


#25 Instructor in machine shop practice for large state 
university in Middle West. Apply through the Society. 


426 American agents wanted on patent specialties for 
marine purposes, of concern located in Glasgow, Scotland, 
manufacturing filters, heaters, evaporators and distillers. 


MEN AVAILABLE 


K-200 Graduate engineer, 15 years’ experience in conneec- 
tion with steam, hydraulic and compressed air machinery, 
wishes to associate with firm engaged in the development of 
new lines, with compensation arrangement consisting of a 
nominal salary and royalty on such patentable devices as he 
may work out. 


E-201 Graduate mechanical engineer, age 33, married, at 
present employed, desires position as manager, engineer in 
charge, or assistant chief engineer. Wide experience in de- 
sign, construction and installation of centrifugal pumps and 
pumping machinery. Has had charge in shop, field, drafting 
room and sales office. 


E-202) Junior member, age 28, graduate mechanical en- 
gineer, five years’ practical experience in foundry, machine, 
erecting, and electrical repair shops, drafting room, two and 
one-half years as switchboard operator on the Panama Canal 
Zone, desires change. Prefers position as instructor in me- 
chanical engineering. At present employed. 


E-203 Member, age 40, specialist in mechanical move- 
ments and contrivances, gearing and automatic machinery 
for special work, would like a position with manufacturing 
eoncern desiring a man who will make a study of their ma- 
chinery and methods, suggest more efficient and economical 
ways of doing things, invent and design new machines or 
attachments, and in general improve the quality of the prod- 
uct and deerease costs through the introduction of better 
mechanical equipment. At present emploved in similar 
capacity. 


E-204. Member, nine years’ experience in the teaching 
of mechanism, descriptive geometry, drawing, and engineer- 
ing mathematies; six years’ practice in mechanical engineer- 
ing work; author of texts in descriptive geometry and mech- 
anism, and articles in engineering journals, successful as 
teacher, lecturer and manager, desires position in university 
or technical school. 


E-205 Member; production engineer and manager; ex- 
perienced designer, organizer and producer; familiar with 
best methods of management, quality and speed production 
for machinery, metal goods and textiles. Operated under 
Taylor system and others. Present work completed about 
June 1, and applicant desires permanent connections with 
growing or large concern desiring to maintain with its own 
organization a permanent policy of efficiency and improve- 
ment. 


E-206 Member, 38 years of age, desires position as super- 
intendent or factory foreman, practical machinist, ten years’ 
experience in charge of shops and departments; competent 
to organize; thoroughly familiar with all modern manufac- 


turing methods and systems. Location immaterial. Best 
references. 
E-207 Student member, will graduate in June with degree 


of M.E. from five years’ course in a Middle Western uni- 
versity. Desires to start as an apprentice and work up in 
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a factory which specializes in the manufacture of improved 
farm machinery. Experienced in all types of machinery used 
on southern Minnesota farms. 


E-208 Mechanical and construction engineer, age 38, 
about to return to the United States from employment in a 
foreign country. Desires position as designing engineer or 
superintendent. Technically edueated, fourteen years’ ex- 
perience in engineering work, twelve of which in the design, 
construction and operation of plants for cement manutacture 
and for the mining and coking of coal. Has held position as 
chief draftsman, mechanical engineer and superintendent of 
construction and operation. 


E-209 Production engineer, general superintendent or 
mechanical engineer on manufacturing equipment, with sev- 
enteen years’ experience. Good executive, with ability and 
experience in reduction of cost of design and manufacture. 
Seven years with automobile concern, Age 35; married. At 
present employed. 


E-210 Cornell graduate, associate member, eight years’ 
experience. Desires position as manager or superintendent, 
assistant or engineer of manutacturing concern or on con- 
struction work. Hydro-electrie and concrete work a spe- 
cialty. At present employed. Will go anywhere in United 
States or abroad. 


E-211 Junior, university graduate, four years’ experi- 
ence in drafting room and office. Desires position as as 
sistant to chief engineer or superintendent of manufacturing 
concern, in or near New York City. 


E-212) Associate member, desires position as designing 
engineer, automatic machinery a specialty, or as erecting 
engineer. Age 40; married. 


E-213 Technical graduate, married, age 32 years, with 
excellent executive ability. Has had five years’ experience 
in engineering department of large corporation, four years 
in operating department of same company, and three vears 
as superintendent of plant employing nearly 1000 men. 
Open for engagement May 1. Well fitted and thoroughly 
competent for position of manager or general manager of 
smaller company. 


E-214 Junior, graduate mechanical engineer with some 
drafting experience, two years in charge of mechanical 
laboratory in a leading university of the Middle West, and 
at present employed. Desires change to commercial position 
with good prospects for the future or connection with rec- 
ognized technical school. Fluent knowledge of German. 
Location, Eastern States. 


E-215 M. 1. T. graduate, with experience on instructing 
staff and four years’ experience in efficiency engineering and 
scientific management in power, manufacturing and auxiliary 
departments. Desires further work along this line or per- 
manent executive position with concern desiring erergy and 
ability. 


E-216 Junior, age 31, single, technical graducte in me- 
chanical and electrical engineering. Desires to make con- 
nection with reliable firm of engineers, contractors or large 
industrial plant. Experiences as assistant in cotton seed oil 
mill, tests, eight vears in design, construction and operation 
of high and low voltage sub-stations, selling small gas en- 
gines, city railway work. Can give best reference and 
willing to start at moderate salary. 


)-217 Technical graduate, 31 years of age, desires posi- 
tion as works manager, mechanical superintendent or effi- 
ciency expert with company of consulting engineers or large 
manufacturing corporation; extensive training and experi- 
ence in central power station work, designing, purchasing, 
superintending construction and operating departments; 
consulting engineering work on large properties; power pro- 
duction investigations; cost reduction; experienced in mill 
and reinforced concrete construction work. At present em- 
ployed, but desires a change for advancement. 
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h-218 Mechanical engineer, technical graduate, age 38, 
thirteen years’ experience in manufacturing lines: shop, 
operating, drafting, engineering, efficiency, sales, including 
railroad, Corliss engines, gas engines and producers, saw 
mill, mining machinery, transmission and special machinery, 
complete steam and gas power plants. 


h-219 Member; wide experience in machinery, metals, 
processes and their requirements; has filled etliciently posi- 
tions trom machinist to production engineer and knows the 
cost of production and the value of quality; accustomed to 
placing rigid contraets at rock bottom prices and ean dis- 
tinguish between low price and low cost, desires a position 
as purchasing agent and engineer for large establishment. 


h-220) Man experienced in drafting room management in 
the lines of printing press and kindred machinery invites 
correspondence for his services. Can lead work through de 
signing, pattern work, machinery erecting and testing. 

K-221) Superintendent and expert on best machine shop 
practice and manufacturing methods. For the last two years 
engaged in selecting and installing equipment for and put 
ting into operating condition in all details one of the most 
modern machine buildings and manufacturing plants; will 
seon complete this work. Desires position as production and 
manufacturing expert, superintendent or manager. 


B-222 Member, age 31, married, well informed and of 
good address, desires change. Thorough operating and com- 
mercial experience; college training: assistant to executive, 
purchasing or administrative officer preferred. Salary, 
$4,000, 


B-225) Junior member, age 29, with twelve years’ experi- 
ence; for past four vears, mechanical engineer for large man 
ufacturing concern; experienced in construction work, power 
plant design and operation, conducting boiler tests; also fa- 
mihar with purchasing of engineering apparatus and mate 


nals. Desires position as mechanieal engineer or assistant 
to manager. 
BE-224 Cornell graduate, mechanical and electrical engi 


neer with thirteen years’ broad experience in design, erec 
tion, operation and appraisal of publie service and indus 
trial properties, factory maintenance and operation, and 
sales engineering. Desires a permanent position with con 
sulting engineers or manutacturing company in or near New 
York City. Appraisal engineering preferred, 


B-225 Junior, age 32, engineering training and experi 
ence of ten vears in engine and boiler manufacture and gen- 
eral plate work, desires position with growing concern, Ca- 
pable of filling any responsible position in this line. 


h-226 Cornell graduate, mechanical and electrical engi- 
neer, with twenty vears’ training and experience in design- 
ing, constructing, maintaining, operating and managing. De- 
Sires position as mechanical, electrical or efliciency engineer, 
superintendent or manager. 


E-227 Technical graduate, age 30, eight years’ experi 
ence in gas engine design and manutacture, best references, 
tireless worker, at present superintendent of gas engine 
plant, and qualified for position as superintendent, produe- 
tion manager or chief engineer. Would like opportunity for 
financial interest under agreeable cireumstaneces. 


E-228 Member, at present employed, desires to become 
identified with manufacturing or industrial plant in respon- 
sible administrative or executive position; 18 years’ varied 
experience in design and construction of machinery and build- 
ings; remodeling, maintenance and operation of industrial 
plants and equipment; systematizing of shops and processes 
along scientifie management lines; testing and general plant 
engineering; familiar with the handling of men, drawing 
up contracts, purchasing equipment and material, apprais- 
ing properties; modern methods of manufacturing and mar- 
keting product. 
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Technical graduate 1912, two years’ experience in 
testing department of large eastern electrical manufacturing 
concern, desires position in power department of publie 
utility plant or with banking concern handling public utility 
properties. Location New York City or vicinity preferred. 


E-230 Graduate mechanical engineer; 
years machine shop practice. Drafting experience on large 
power house design and with large corporation in genera! 
engineering, mill building, design, process layouts, machine 
design and small power house design; also machinery de- 
signing engineer. Capable of acting as assistant engineer 
or assistant cliet draftsman. 


ave seven 


E-231 Junior member, age 25; technical graduate in 
mechanical engineering; several years’ broad experience as 
factory inspector for casualty company, and familiar with 
all classes of manufacturing. Best reterences. 


K-232 Designing engineer with technical training, and 
shop experience, desires position with live concern in the 
middle west. Experienced in the design of machine tools, 
special machinery and tools for reducing the cost of produc 
tion, presses, dies and other tools for sheet metal stamping. 
Can offer some patentable improvements in process for light 
sheet metal stamping. 


Member, owner of patents for imternal combus- 
tion turbine, desires partner or position where experience 
in this line is desirable. Has had eighteen years’ experience 
in various engineering fields, executive and inventive abil- 
ity. Location New York City or vicinity. Salary #2500 to 
$3000, 


E-234 Graduate mechanical engineer; age 24; now em- 
ployed as assistant superintendent and purchasing agent in 
a company making gasoline motors and other lines.  De- 
sires to get into purchasing or sales line. Has had experi- 
ence in shop, and as assistant clief engineer in large engine 
and boiler concern. 

E-235 Junior, age 28, graduate mechanical engineer, 
with ten years shop and office experience in design of Diesel 
engines, machine shops and general mill engineering. De- 
sires position as assistant to mechanical engineer with firm 
that can offer something of permanent character. New York 
preterred, 


B-236 Mechanical engineer, with ten years’ experience 
as draftsman, designer, engineer and superintendent, in 
marine engines, hoisting and conveying machinery, cement 
machinery and plants, general manufacturing and repair 
work. 


B-237 Sales engineer with record of accomplishment, 
employed in a managerial position. Seeks correspondence 
with progressive concerns contemplating the engagement of 
a technical salesman. Experience covers seven years in for- 
eign and domestic sales. Name confidential. Address through 
Society. 


K-238 Foundry assistant superintendent or engineer. 
Junior member, age 31, married. Has had 13 years’ experi- 
ence in shop, drawing room and foundry, last four years 
specializing in foundry efficiency work, installation and op- 
eration of equipment; designer of successful molding ma- 
chinery, pattern mounting methods, ete.; understands melt- 
ing and mixing of gray iron, malleable and crucible steel. 
Capable executive, organizer and investigator. 


E-239 Stevens graduate, age 28, married. Experienced 
in general civil engineering, designing, field work in charge 
of the construction of municipal filtration plant. Three 
years inspecting tire proof building construction and manu- 
facturing plants, four months designing special hoisting 
machinery. Desires to change to position that holds pros- 


pects for advancement to responsible position. 
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E-240 Mechanical engineer, age 30, married, with ex- 
perience in design, construction and erection of steam and 
gas machinery; production and cost work. Two years in 
Brazil as head instructor in mechanical experience and con- 
sultation work on power plants. Desires position where ex- 
perience will be valuable to employer. 


-241 ‘Technically trained engineer, age 39, thorough 
training in machine shops, five years as engineer of steam 
vessels and large power plants. Master mechanic in charge 
of all machinery, repairs, building construction and other 
improvements. Past five years connected with architects’ of- 
fives as mechanical engineer, designing power plants, heating, 
ventilating, electrical and plumbing installations for office 
building, factories, large schools and municipal buildings. 
Desires position as mechanical engineer with large industrial 
corporation, to take charge of power plants and equipment. 
Civod executive, accustomed to handling men and experienced 
on power plant economics. 


E-242 Member, age 38, technical graduate, mechanical 
and construction engineer, about to return to the United 
States from employment in a foreign country. Desires posi- 
tion as designing engineer or superintendent. Experienced 
in design, construction and operation of plants for cement 
manufacture, for mining and coking of coal; chief drafts- 
man, mechanical engineer and superintendent of construe- 
tion and operation. 


E-243 Sales representative established in New York City 
desires to correspond with manufacturer to secure an addi- 
tional account. A-1 standing among manufacturers, engi- 
neers and contractors. 


K-244 Junior member; consulting mechanical engineer 
with office in Philadelphia wishes to arrange with a company 
in the vicinity able to use a portion of his time. Ten years’ 
practical experience. 


E-245 Technical graduate in mechanical and electrical 
engineering; six years’ shop experience and four years as 
traveling salesman, desires to represent a first class com- 
pany in Philadelphia or vicinity as manufacturers’ agent. 


E-246 Technical graduate, 37 years of age, 15 years ex- 
ceptionally wide experience in teaching manual training, 
mathematics, drawing and machine design and mechanical 
engineering subjects, desires a position with broader outlook. 
Would aecept position in a technical high school, or indus- 
trial school as director or head of department, or college. 

E-247 
age 42. 
district. 


Shop manager, specialist in interchangeable work, 
Experience in brass foundry. Location, New York 


ACCESSIONS TO THE LIBRARY 


WITH COMMENTS BY THE LIBRARIAN 


This list includes only accessions to the library of t!is Society. 

Lists of accessions to the libraries of the A. I. E. E. and A. I. M. E 

oe be secured on request from Calvin W. Rice, Secretary Am Soc. 
.E. 


Die ABDAMPF-UND ZWEIDRUCKTURBINEN, Karl Roéder. Miin- 
chen, 1913. Gift of Ké6nigl. Technischen Hochschule 
zu Miinchen. 

AMERICAN CEMENT Directory, 1914. Boston, 19/4. 

AMERICAN INSTITUTE OF CONSULTING ENGINEERS. 
by President Alfred Noble. New York, 1914. 
institute. 

AMERICAN MATHEMATICAL Society. List of Officers and 
Members, 1914. New York, 1914. Gift of society. 
AMERICAN Rattway BRIDGE AND BUILDING ASSOCIATION. 
Pro. 23d annual convention, 1913. Chicago, 1913. Gift 

of association. 

AMERICAN SOCIETY OF CiIviL ENGINEERS. List of Members, 
February 1914. New York, 1914. Gift of society. 
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS. Jour- 

nal nos. 7-12, vol. 35, 1913. New York, 1913. 


Address 
Gift of 
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AFFAIRS 


ANLEITUNG ZUR AUFSTELLUNG VON 
berth. Leipziy, 1911. 


BLOCKPLANEN, Il. Sey- 

De L’Apprer pes Tissus DE Henri Lagache. 
Paris, 1914. 

ATLANTIC INTRA-COASTAL 
Philadelphia, 1914. 
Association. 

AUBURN (NEW YORK) 
Auburn, 1913, 
Auburn. 

BRASSFOUNDERS’ 
York, 1911. 

BRAUERE!] MASCHINENKUNDE, W. Goslich und K. Fehrmann. 
ed. 3. Berlin, 1914. 

BRIEF AND ARGUMENT ON BEHALF OF DEFENDENTS BEFORE 
THE Pusiic SERVICE COMMISSION OF THE STATE OF 
Missourt. MeGregor-Noe Hardware Company, et. al., 
Complainants, vs. Springtield Gas and Electric Com- 
pany and Springtield Traction Company, Defendants. 
Gift of Calvin W. Rice. 

CaLcuL pu Beton ArME, Ch. Aubry. 
Paris, 1913. 

COLUMBIA UNIVERSITY. 
ing. New York. 

Dik DAMPFKESSEL UND IHR Berries, Kk. Th. 
ed. 4. Berlin, 1913, 

DIESEL OR SLOW-COMBUSTION OIL ENGINE, G. 
A. J. Wallis-Tayler. London, 1911. 

Dre DRAHTSEILBAHNEN, P. Stephan. ed. 2. Berlin, 1914. 

ELECTROLYSIS CONDITIONS IN SPRINGFIELD, OHIO. REPORT ON. 
Springfield, 1914. Gitt of Samuel S. Wver. 

EVOLUTION OF THE INTERNAL-COMBUSTION ENGINE. Edward 
Butler. London-Philadelphia, 1912. 

SXCERPT OF THE ANNUAL ReEporT OF J. A. BENSEL. STATE 
ENGINEER AND SURVEYOR ON THE BARGE CANAL. Trans- 
mitted to the Legislature, January 26, 1914. Albany, 
1914. Gitt of New York State Engineer. 

EXPERIMENT STATION ReEcorD. General Indexes to vols. 1-12, 
13-25, 1889-1901, 1901-1911. Weashinyton, 1903, 1913. 
Gift of U. S. Department of Agriculture Experiment 
Station. 

FABRIKORGANISATION, FABRIKBUCHFUHRUNG UND SELBSTKOS- 
TENBERECHNUNG, J. Lilienthal. ed. 2. Berlin, 1914. 
ILLUSTRIRTE ZEITUNG. KAISER JUBILAUMS NUMMER. 1888- 

1913. Gift of Hofrat Horst Weber. 

JAHRBUCH DER GASTECHNIK, 1912, Hl. Straehe.. 
1970. 

Main Drainace Works Proposep ror New York, Geo. A. 

Soper. From Journal of the Boston Society of Civil 

Engineers, February, 1914. Gift of New York Metro- 

politan Sewage Commission. 

MASCHINENWESEN DER 


Waterway. February, 1914. 
Gift of Atlantic Deeper Waterway 


Water Boarp. Report, 1913. 
Gift of Water Board of the City of 


Auuoys, J. F. Buehanan. London-New 


vols. (text. tables). 
New Advanced Course in Engineer- 
Schlippe. 


J. Wells and 


Miinchen, 


Das PREUSSISCHE- HESSISCHEN 


STAATSEISENBAHNEN, (. Guillery. pt. 1. Berlin, 1914. 

Mopern Fivter Practice, Nicholas S. Hill, Jr. 1913. Gift 
of author. 

MoperN PuMPING AND Hypravutic Macuinery, Edward 
Butler. London, 1913. 

MonTHLyY OFFICIAL Ratbway List, December 1913. Chicago, 


1913. 

NATIONAL MARINE ENGINEERS’ BENEFICIAL ASSOCIATION OF 
THE UNITED States. Journal of Proe., vol. 13. Wash- 
ington, 1914. Gift of association. 

New Jersey Harsor COMMISSION. 4th preliminary report, 
February 1914. 1914. Gift of commission. 

PRELIMINARY REPORTS OF THE DisposaL OF NEW YoRK’S 
Sewace. pts. 11-16. 1914. Gift of New York Metro- 
politan Sewage Commission. 

RECUEIL DES CAHIERS DES CHARGES UNIFIES DES COMPAGNIES 


DE CHEMINS DE FER, Pierre Blane. 1914. Paris, 1914. 
SPECIFICATION AND ANALYTICAL PROCEDURE FOR 30 PER 
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Cent Hevea RupBER INSULATING COMPOUND. From re- 
port of the Joint Rubber Insulation Committee. Gift 
of Simplex Wire & Cable Co. 

STROMUNGSENERGIE UND MECHANISCHE ARBEIT, Paul Wag- 
ner. Berlin, 1914. 

Dit TECHNOLOGIE DES MASCHINENTECHNIKERS, Karl Meyer. 
ed. 3. Berlin, 1914. 

Theory or Hear Enoines, William Inchley. New York, 
1913. 

THERMODYNAMISCHE GRUNDLAGEN DER KOLBEN UND TURBO- 
KOMPRESSOREN, Adolf Hinz. Berlin, 1914. 

Troop COLLEGE OF TECHNOLOGY. bul. October 1913. Pasa- 
dena, Cal., 1913. Gitt of the Society. 

User TURBINEN MIT DAMPFENTNAHME, August Kriegbaum. 
Miinchen, 1913. Gitt of Konigl. Technischen Hoech- 
schule zu Miinchen. 

U. S. COMMISSIONER OF LiGHTHOUsEs. Annual Report to 
the Secretary of Commerce, 1913. Washington, 1913. 
Gitt of commissioner. 

U. S. COMMERCE COMMISSION. Accident bul. 
nos. 39-43, 45-47. Washington, 1913. 

VALUATION OF STREET AND INTERURBAN RatLway LINES IN 
THE City OF Los ANGELES, CALIFORNIA. Report no. 1. 
Los Angeles, 1914. Gitt of Department of Publie Utili- 
ties. 

Die VERBRENNUNGSKRAFTMASCHINEN IN DER Praxis, Hans 
Neumann. ed. 2. Leipzig, 1913. 

Dit VERWENDUNG VON OE&L zUR BERUHIGUNG DER WELLEN, 
R. Karlowa. Hamburg, i588. Gift of Wm. Paul Ger- 
hard. 

ZEITSCHRIFTENSCHAU DER GESAMTEN EISENBETONLITERATUR 
1913, A. Fitzinger. Berlin, 1914. 


EXCHANGES 


INDUSTRIAL ARTS INDEX, 1913. White Plains, 1914. 

INSTITUTION OF AUTOMOBILE ENGINEERS. Proce., vol. 7. 
Westminster, 1912-1913, 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN SCOTLAND. 
Trans., vol. 56. Glasgow, 1913. 

MUNICIPAL ENGINEERS OF THE CITY OF NEW YORK. Consti- 
tution, by-laws, list of members and annual report, 1913. 
New York, 1913. 

SACHSISCHER DAMPFKESSEL CEBERWACHUNGS VEREIN CHEM- 
nitz. Ingenieur Bericht, 1913. Chemnitz, 1913. 

SocIETE DES INGENIEURS CIVILS DE FRaNcE. Annuaire, 
1914. Paris, 1914. 

VicTORIAN INSTITUTE OF ENGINEERS. List of Members, 1911. 


TRADE CATALOGUES 


AveNpDROTH & Roor Mra. (0., Newburgh, N. Y. Handbook 
no. 41. Root spiral riveted pipe watertube boilers, ex- 
haust heads. 

AMERICAN EMerRY WHEEL Works, Providence, R. 1. How 
to prevent grinding wheel accidents (chart). 

ANCHOR PackinG Co., Philadelphia, Pa. Cat. G, 1913. 

Bripcerort Brass Bridgeport, Conn. Handbook for 
architects, engineers and superintendents. Seamless 
tubing, 1913. 

GoLDscHMipt THERMIT COo., New York. Reactions, vol. 7, 
no. 1, 1914. 

GouLps Mre. Co., Seneca Falls, N. Y. Cat. F. Pumps and 
hydraulie machinery, 1910. 

Hess-Brigut Co., Philadelphia, Pa. Hess-Bright ball 
bearing hangers. Price list, 1914. 

H. W. Jouns-MANvILLE Co., Cleveland, Ohio. J-M Roofing 
salesman, April 1914. 


Kennicorr Co., Chicago Heights, Ill. Produets of Kenni- 
cott. 

Lescuen, A., & Sons Rope Co., St. Louis, Mo. Leschen’s 

Hereules, April 1914. 


MoREHEAD Mru. Co., Detroit, Mich. Morehead tilting steam 
traps, no. 10, 

NELSON VALVE CO., Philadelphia, Pa. Cat. K, L,S. Bronze 
valves, iron body valves, steel valves. 

SHADALL Mra. Co., Wauwatosa, Wis. Description of the 
aerial ventilator for both rooms. 

Unver-Frep SToKER Chicago, Ill. Publicity magazine, 
Mareh 1914. 

WATERHOUSE WELDING CO., Boston, Mass. Welding and 
cutting plants. 

YARNALL-Warine Co., Philadelphia, Pa, Description of 
‘Lea” V-notch recording hquid meter; reducing coal 
consumption and increasing the efficiency of the power 
plant; simplex seatless valves, simplex pipe joint clamps. 

UNITED ENGINEERING SOCIETY 

CONSERVATION LAW OF THE STaTE OF NEW YORK, as amended 
to the close of the regular session of 1915. Albany, 
1913, 

In Relation to Fish and Game and to the Lands and 
Forests, 1913. Albany, 1913. Gift of Conservation 
(Commission. 

History or THE E. |. pu Pont pe NemMouRS PowpDER 
PANY. New York, 1912. Gift of E. I. du Pont de 
Nemours Powder Co. 

INDUSTRIAL Arts INDEX, 1913. White Plains, 1914. 

INTERNATIONAL Wuiraker, 1914. London, 1914. 

KATALOG DER BIBLIOTHEK DES KAISERLICHEN PATENTAMTS. 
vols. 1-3. Berlin, 1913. 

Moopy’s MaNvat OF RAILROADS AND CORPORATION SECURI- 
ries. vol. I, Railroad Seetion. New York, 1914. 
NEBRASKA STATE RaiLway Comission. Sixth Annual Re- 
port to the Governor, 1913. Lincoln, 1914. Gift of 

Nebraska State Railway Commission. 

New York Pusuic Liprary. Annual Report, 1913. New 
York, 1914. Gift of New York Publie Library. 

Paint aNp DruG Reporter. Green Book for Buyers, 
January 1914. New York, 1914. Gift of Oil. Paint and 
Drug Reporter. 

POSTALIZATION OF THE TELEPHONE AND THE TELEGRAPH. 
Speech of Hon. David J. Lewis, in House of Repre- 
sentatives, January 16, 1914. Gift of D. J. Lewis. 

Trust LecisLation. Hearings before the Committee on the 
Judiciary, House of Representatives, 63d Congress, on 
vols. 1-2. Washington, 1914. Gift of U. S. House of 
Representatives Committee on the Judiciary. 

GIFT OF J. W. LIEB, JR. 

Beck, THeopor. Beitriige zur Geschichte des Maschinen- 
baues. ed. 2. Berlin, 1900. 

In Copice ATLANTICO DI LEONARDO DA VINCI. (1 vol. in 6, 
3 text, 3 plates.) Milano, 1894, 

F. M. Leonardo der Teehniker und Erfinder. 
Jena, 1913. 

HerzreLp, Marie von. Leonardo da Vinci, Der Denker, 
Forscher und Poet. Jena, 1911. 

Leonardo da Vinci. Traktat von der Malerei. Jena, 
1909. 

Hovssaye, ARSENE. Historie de Leonardo de Vinci. ed. 2. 
Paris, 1869. 

McCurpy, Epw. Leonardo da Vinci's note book. London, 
1907. 

Mintz, EvGéne. Leonardo da Vinei, Artist, Thinker and 
Man of Science. 2 vols. London-New York, 1898. 


TRADE CATALOGUES 


KoewRING Macuine Co., Milwaukee, Wis. The Mixer, 
January-March 1914. 

Ozone Pure Arririer Co., Chicago, Ill. Ozone (deserip- 
tion); Ozoning the air; Loss by your office stall; What 
is Ozone? 
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SOCIETY AND LIBRARY 


AFFAIRS 


THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


ABRIDGED LIST OF OFFICERS AND COMMITTEE CHAIRMEN! 


James Harrness, President CaLvin W. Rice, Secretary 


R. M. Dixon, Finance Committee 

H. R. CosieicgH, House Committee 

LeonarpD Wa.po, Library Committee 

L. P. ALForD, Committee on Meetings 

Hosea Werster, Committee on Membership 

C. I. Earuu, Publication Committee 

Frep J. MILuEr, Public Relations Committee 

R. H. Rice, Research Committee 

Jesse M. SmirH, Committee on Constitution and By-Laws 


1A complete list of the officers and committees of the Society will be found in 
the Year Book for 1914, and in the January and July 1914 issues of The 
Journal 


LOCAL MEETINGS 
Atlanta: J. S. Coon 
Boston: R. E. Curtis 
Buffalo: W. H. Carrier 
Chicago: Paul P. Bird 
Cincinnati: J. B. Stanwood 
Milwaukee: E. P. Worden 
Minnesota: Max Toltz 
New Haven: E. 8S. Cooley 
New York: R. V. Wright 
Philadelphia: H. E. Ehlers 
San Francisco: Robert Sibley 
St. Louis: F. E. Bausch 
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SOCIETY AND 
PERSONAL NOTES 

Orrok, member of the Council, who has been 
absent trom the city for over a year on account of illness, 
has recovered his health sufficiently to return, but will not 
resume his duties with the New York Edison Company until 
the fall. 
nection with the Gas Power Section will be carried on in 


George A. 


The faithful service which he has rendered in con- 


connection with the change from a section to a committee 
with powers similar to those of other sub-committees of the 
Committee on Meetings. 


Ellis Soper, president of the Soper Engineering Company 
of Chattanooga, Tenn., has been selected as construction en- 
gineer tor the Market Street bridge of that city. 


will be of conerete and will conform with Government speci- 


The design 


fications. It will be a low bridge with a lift span over the 


water channel, the span being about 275 feet long and of 
steel construction. Mr. Soper’s largest work in the South 
thus far has been the construction of the plant of the Dixie 
Portland Cement Company at Richard City. 


Prof. R. H. Fernald of the University of Pennsylvania 
was recently appointed consulting engineer of the U. S. Bu- 
reau of Mines. 

T. Kennard Thomson addressed a meeting of the Mari- 
time Association of the Port of New York on May } 
ing an outline of a plan for a really greater New York. This 
contemplates the annexation of Manhattan to Long Island 


viv- 


by filling in the East River, as well as other equally impor- 
tant topographical changes of the harbor and water front. 
Mr. Thomson estimates that this could be done in five years. 

Frank B. 


President to represent the Society at the opening of the 


Gilbreth has been appointed Honorary Viee- 


new society house of the Verein deutscher Ingenieure on 


June 5. Mr. Gilbreth is now abroad investigating conditions 


of management in Germany. 

Ht. Alfred Ellis has been elected president of the Light 
Railway Equipment Company of Chester, Pa. 
merly with the Koppel 
Koppel, Pa., in the capacity of general superintendent. 


He was for- 
Co... 


associated Orenstein-Arthur 


Albert W. Thompson has accepted the position of man- 
aging engineer of The G. M. Parks Company, Fitehburg, 
Mass. 


Shops, Lowell, Mass., as superintendent. 


He was until recently connected with the Saco-Lowell 


John Lathrop Gray, formerly associated with the Tide 
Water Oil Co., Bayonne, N. J., as assistant general superin- 
tendent, is now identified with the Pieree Oil Corporation, 
St. Louis, Mo., as manager of the refining and producing 
departments. 


George C. Thomas has been appointed superintendent of 
The Singer Company, Podolsk, Moscow, Russia. He was 
formerly connected with the Bridgeport, Conn., factory of 
the company as assistant superintendent. 


Edmund Mackenzie has taken a position with R. Blakstad, 
who is one of the foremost engineers and promoters of Nor- 
way, as supervising engineer on construction work on high 
head hydraulie developments, power transmission, substa- 
tions, factories, ete., with headquarters at Kristiania. 


M. H. Roberts is affiliated with Mead Johnson Company, 


manufacturing chemists, Jersey City, N. J., as consulting 
engineer. 


LIBRARY 


AFFAIRS LI 


STUDENT BRANCHES 
Members of student branches are requested to notify the 


Secretary of any change in address as promptly as possible, 
in order to facilitate receipt of The Journal. 
COLUMBIA UNIVERSITY 

T. E. Sperry lectured on the Gyroscope for Marine Pur- 
poses at a meeting of the Mechanical Engineering Society 
of Columbia University in conjunction with the Electrical 
Engineering Society on April 14. The points covered were 
the advantages of the gyro-compass over the magnetic com- 
pass; the operation of repeater compasses located at differ- 
ent parts of the ship and their control by a master compass 
situated below in a well protected place; the adjustments 
necessary to correct for the speed of the ship; the use of the 
gyroscope as a stabilizer for ships and aeroplanes. The lee- 
ture was illustrated with lantern slides. 

On May 6 the following officers were elected for the year 
1914-1915: H. T. Allen, chairman; W. L. Garrison, vice- 
chairman; A. S. Henry, secretary; J. T. Hanlon, treasurer. 

KENTUCKY STATE UNIVERSITY 

The Economie Use of Coal by Communities was the sub- 
ject ofa paper by Prof. John T. Faig, Mem.Am.Soe.M.E., 
before the Kentucky State University Student Branch on 
April 18. The author’s idea was to convert bituminous coal, 
which causes so much damage to our cities from smoke and 
which is not an ideal fuel for residences, into two ideal fuels 
by means of coking ovens, coke and coal gas. These prod- 
uets are better than coal as fuel for the house or factory. 
The other products of the coking oven, tar, benzol and am- 
monia sulphate, are each valuable to the industrial world: 
benzol will find a market as a substitute for gasolene; fig- 
ures given by Professor Faig showed that by buying coal at 
prices prevailing in the Ohio Valley the coke and coal gas 
can be sold at prices within reach of all and the sale of the 
other products will make it a profitable business. 


LELAND STANFORD JUNIOR UNIVERSITY 

On April 28 the Stanford Mechanical Engineering Society 
elected the following officers to serve from September to De- 
cember 1914: J. A. Gibb, chairman; L. Swayne, vice-chair- 
man; C. L. Addleman, secretary-treasurer. 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

At the meeting of Massachusetts Institute of Technology 
Student Branch on April 22, H. F. J. Porter, Mem.Am.- 
Soc.M.E., read a paper on Fire Traps—Fire Escapes—f ire 
Drills versus Sectional Buildings. 

On April 29 the society held its annual banquet and elee- 
tion of officers: F. G. Purinton was chosen chairman; N. E. 
Kimball, vice-chairman; H. E. Morse, secretary; G. A. 
Palmer, treasurer; and F. L. Cook, W. R. Hanchett, O. C. 
Norris, governing board. Charles T. Main, Mem.Am.Soc.- 
M.E., was the first speaker of the evening and chose as his 
topic, Professional Ethics. He was followed by William 
Kent, Mem.Am.Soe.M.E., who defined the word “ engineer” ; 
Prot. G. B. Haven, Mem.Am.Soc.M.E., who gave the seniors 
advice on starting on their business eareers. Prof. G. E. 
Russell then told of some interesting discoveries concerning 
the Pyramids, and Prof. E. F. Miller, Mem.Am.Soe.M.F., 
closed the evening with a talk concerning the Society 

On May 5 H. J. DeBear, of the Maxwell Automobile Com- 
pany, gave an illustrated talk on the complete process of 
manufacture of the automobile from the ore to the finished 
product. The author dwelt at some length on the testing of 
the raw materials and the finished product, and showed many 
of the parts in process of manufacture. Moving pictures 
were used to illustrate the lecture. 


PENNSYLVANIA STATE COLLEGE 
On April 23 H. L. Swift read a paper before the Student 
Branch of Pennsylvania State College on The Manufacture 
of Glass by Machinery. He followed the process through its 
different stages from the bateh-making room to the packing 
house, and told of the operations where machinery has re- 
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placed hand labor with considerable saving in the cost of 
manufacture and betterment of quality. 

At the May 15th meeting, W. D. Garman presented a 
paper on The Machining and Assembling of Steam Engine 
Parts, and the following offered diseussion: Prof. J. A. 
Moyer, Mem.Am.Soe.M.E., Professor Bates, and C. F. Ken- 
nedy. 


POLYTECHNIC INSTITUTE OF BROOKLYN 


On April 25 the Polytechnic Institute Student Branch 
held its third annual banquet. The speakers were Fred. W. 
Atkinson, President of the Institute, Samuel M. Tucker, 
Wm. D. Ennis, Mem.Am.Soe.M.E., and Calvin W. Rice, See- 
retary of the Society. 

At a meeting on May 2 the following officers were elected 


for the ensuing year: M. Van Valkenburgh, chairman; 58. 


P. Blakeman, vice-chairman; Samuel Kobre, secretary; C. 
J. Koff, treasurer. Leon A. Eben read a paper on Parlia- 
mentary Procedure, which was discussed by A. A. Adler, 
Mem.Am.Soce.M.E., and Messrs. Tyler, Sand, Postman, Isen- 
berg and Merkt. 


RENSSELAER POLYTECHNIC INSTITUTE 


At a meeting of the Rensselaer Polytechnic Institute Stu- 
dent Branch on April 30, R. L. Manier lectured on the Pro- 
duction of Carbureted Water Gas and illustrated his talk 
with lantern slides. C. E. Davies presented a paper on Up- 
to-Date Office Methods in Large Manufacturing Plants. 


STATE UNIVERSITY OF IOWA 


The Student Branch of the State University of Iowa held 
a joint meeting on April 21 with the Electrical Engineering 
Society and the Compass Club, at which Prof. S. M. Wood- 
ward, Mem.Am.Soe.M.E., read a paper on Flood Prevention 
In and Around Dayton, Ohio. The author is one of the 
consulting engineers employed on the project. The lecture 
was profusely illustrated by slides showing flood conditions, 
the results, and the methods suggested to prevent a recur- 
rence, 

At a meeting of the branch on May 5, H. J. Kicherer gave 
an illustrated talk on Automobile Manufacturing. 


STEVENS INSTITUTE OF TECHNOLOGY 


The Stevens Engineering Society held a debate with the 
Sibley College Student Branch on May 11. The subject was 
Resolved, That Publie Utilities of Municipal Seope Should 
be Owned and Operated by the Municipality (electric light, 
gas and water plants only to be considered). Benjamin P. 
toldman of Sibley College upheld the affirmative, and di- 
vided his arguments as follows: (a) public utilities are nat- 
ural monopolies and, as such, are dangerous; (b) regulation 
of public utilities by commission has to date proved unsat- 
isfactory; (c) why deal with a poor subterfuge such as reg- 
ulation when the community will be benefited financially by 
municipal ownership. In proving the last two points the 
affirmative cited instances where the rates charged for elec- 
tricity had been reduced in the case of municipal ownership 
from $0.125 to $0.05 per kw-hr., while the Chicago Lighting 
Company had declared a dividend of 24 per cent during the 
last year. The negative side was treated by C. H. Colvin of 
Stevens under the following heads: (a) the proposition 
should be viewed from the point of cost of service ratio; (b) 
the elimination of profits is more than made up for by the 
increase in the cost of materials, running expenses and wages 
under municipal ownership; (c) graft becomes easier under 
municipal ownership than under private operation; (d) that 
data for comparing the relative cost of production under the 
two forms of ownership are unreliable since the factors of 
depreciation and taxes are not generally taken into account 
in preparing these estimates under municipal ownership, 
while they are under private operation. Frederick R. Hut- 
ton, Past-President and Honorary Secretary of the Society, 
Charles Whiting Baker, Mem.Am.Soe.M.E., and Mr. March, 
Stevens 1914, acting as judges, decided unanimously in favor 
of the affirmative. 
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UNIVERSITY OF CALIFORNIA 
On April 21 the University of California held its final 
meeting of the year, and the following officers were elected : 
A. C. Moorhead, chairman; L. T. Kennedy, vice-chairman ; 
H. L. MeLean, secretary; B. R. Abbott, treasurer. L. T. 
Kennedy discussed a paper, Power from Mereury Vapor, 
which appeared in the Transactions of the American Insti- 
tute of Electrical Engineers; and W. W. Penniman, Surtace 
Combustion, which appeared in the American Gas Institute 
Journal. 
UNIVERSITY OF COLORADO 
The University of Colorado Student Branch, at a meeting 
on May 13, elected the following officers for the coming year: 
L. J. Brady, chairman; Ben Christian, vice-chairman; S. 5. 
Cooke, secretary-treasurer. 
UNIVERSITY OF ILLINOIS 
On April 16 at a meeting of the University of Illinois 
Student Branch, M. E. Hodgins, of the Goodrich Rubber 
Company, gave an interesting talk on rubber, during the 
course of which he traced the growth of the industry from 
the time of Columbus to the present day. On May 7 Prot. 
A. C. Willard spoke on The Organization of the Engineer- 
ing Office of the Chief Quartermaster Corps of the United 
States Army, with which he was formerly connected. 
UNIVERSITY OF MISSOURI 
The Missouri University Student Branch held a meeting 
on April 20 at which S. G. Goodman presented a paper on 
Fire Prevention and Fighting in Our Shops and Factories. 
P. R. A. Notting followed with a paper on Aerial Motors 
and the Trouble That Had to Be Overcome in Some of Them. 
On May 4 an illustrated lecture was delivered betore the elee- 
trical and mechanical engineering branches on the Engineer- 
ing Societies Building, New York. 


EMPLOYMENT BULLETIN 


The Society considers it a special obligation and pleasant duty to 
be the medium of securing positions for members. The Secretary 
gives this his personal attention and is pleased to receive requests 
both for positions and for men. ‘The published list of “ men avail- 
able” is made up from members of the Society. Notices are not 
repeated except upon special request. Names and records are kept on 
the office list three months, and if desired must be renewed at the 
end of such period. Copy for the Bulletin must be in hand before 
the 12th of the month. Further information will be sent upon ap- 
plication. 


POSITIONS AVAILABLE 


420 Chief engineer with jurisdiction in all engineering 
questions over plant, equipment, mechanical methods and 
products. To qualify, applicant should have technical train- 
ing and wide experience, chiefly in metal working of the 
lighter and finer kinds, also in planning construction of 
buildings and designing and operating of power plants. 
Name confidential; apply through the Society. 


507 Three railway construction engineers with a number 
of years experience, about 35 or 40 years of age, for posi- 
tions with government railway in New South Wales. £100 
traveling expenses allowed to Sydney. Salary £590 per 
annum. 


508 Mechanical and electrical engineer, who understands 
some Spanish, and capable of taking charge of a producer 
gas power plant in Ciudad, Bolivar, Venezuela. Traveling 
expenses paid to Venezuela. 


509 Technical graduate desired who is familiar with the 
theory, present practices and the manufacturing of centri- 
fugal and turbine pumps. Must have had actual experience 
either as chief or assistant designer. Ability to estimate on 
costs. Give full details covering education, shop and busi- 
ness experience, references, age, ete. Name confidential; 
apply through the Society. 


510 Man of engineering training between the ages of 25 
and 35, with experience in the productive or executive de- 
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partments of large factories, to fill position as assistant to 
head of a manufacturing department in factory in New Jer- 
sey. Salary about $1500 per year, depending upon qualifi- 
cations. Give detailed history of business career. Apply 
through the Society. 


511 Energetic, young man, well educated, with a kiowl- 
edge of mechanics, and a good correspondent in sales de- 
partment of a large manufacturing company in New Eng- 
land. Graduate mechanical engineer with some commercial 
experience preferred. A full reply giving age, whether mar- 
ried or single, experience, present occupation, references and 
salary expected will receive attention and will be treated 
confidentially. Name confidential; apply through the So- 
ciety. 


514. Drattsman and maintenance engineer for service and 
maintenance department of large electrical supply coucern. 
Location, New York. 


518 Consulting engineer controlling valuable patents re- 
lating to gas engines desires to become associated with en- 
gine building concern for the development of the engines 
covered by these patents. 


519 Mechanical, metallurgical and chemical engineer 
competent to take charge of a research laboratory, to make 
tests of the strength of materials and devise special pro- 
cesses, ete. Exceptional opportunity. Location, Maryland. 
Name confidential; apply by letter. 


520 Assistant to executive. Experience required in hat- 
dling men; competency to design small and medium size ma- 
chinery for strictly interchangeable work; familiarity with 
modern shop practice and tooling. Salary $2500 to S5000, 
Location, Maryland. Name confidential. 


MEN AVAILABLE 


F-500 Mechanical engineer, graduate of a leading uni- 
versity, wishes position in which good future can be antici- 
pated. Age 30; married; nine years experience drafting, 
designing, construction and maintenance work; considerable 
electrical experience, in charge large high-tension apparatus. 


F-501 Technical graduate, age 37, with continuous expe- 
rience since graduation in engineering work, chiefly in de- 
sign of power plant, mining and mill machinery. More than 
ten vears in charge of work as chief draftsman and chiet 
engineer. 


F-502 Graduate in mechanical engineering with some 
shop and drawing room experience desires instructorship in 
mechanical engineering branches for the coming school year. 


F-503 Assistant to executive; graduate mechanical engi- 
neer, ‘09, with business experience, organization, manage- 
ment. Junior, age 28, married. 


F-504 M. I. T. graduate, with experience on instructing 
staff and four vears experience in efficiency engineering and 
scientific management in power, manufacturing and auvxil- 
iary departments. Desires further work along this line or 
permanent executive position with concern desiring energy 
and ability. 


F-505 Associate-Member, technical graduate, seven years 
experience, recently completed work as mechanical engineer 
in charge of erection work for smelter and large power plant. 
At present in charge of plant, transmission line and repair 
shops. Desires similar position, or in designing office. 


F-506 Junior, university graduate, at present oceupied 
in teaching mechanical engineering laboratory practice in one 
of the large eastern technical schools, desires employment for 
the four summer months, preferably with efficiency engi- 
neers, or company installing scientific management. +Prac- 
tieal experience in central station work. Well recommended. 


F-507 Junior, age 28, graduate mechanical engineer, de- 
sires position with engineering firm or industrial plant. Lo- 
cation immaterial. Five years experience in design, test- 
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ing, operation, and management of power machinery. Steel 
mill and electrical experience. 


F-508 Specialist in the practical manufacture of pumps, 
steam, gas, oil, gasolene and kerosene engines; sales work 
and power plant construction, and until recently vice-presi- 
dent of a million dollar corporation manufacturing all forms 
of pumps and prime movers, Desires connection with con- 
cern of some importance in capacity of engineer, or preter- 
ably, sales work. 


F-509 Graduate mechanical engineer; age 24; now em- 
ployed as assistant superintendent and purehasing agent in 
a company making gasolene motors and other lines. Desires 
to get into purchasing or sales work. Has had experience 
in shop, and as assistant chief engineer in large engine and 
boiler concern. 


F-510 Junior, graduate mechanical engineer; age 24; de- 
Sires position in connection with machine tools or prime 
movers. Has had responsible positions as designer and me- 
chanical engineer. Seeks opportunity for greater develop- 
ment. Salary desired, $1500, but experience to be gained 
and opportunity for advancement will be considered first. 
Best references. New York preterred. Address through the 
Society. 


F-512 Member, age 34, professor of mechanical engi- 
neering subjects; would preter small school which is grow- 
ing rapidly. Graduate of Cornell University; eight years 
experience in engineering, from draftsman to chief engineer; 
three vears teaching in one of the largest engineering schools; 
ean handle any subjects in mechanical engineering course; 
especially strong in experimental engineering. Best reter- 
ences. Desires change to assume more responsibility. 


F-513 Associate-Member, age 36; government, railroad 
and factory connections; competent to take care of plant 
engineering, also work incident to control of materials; some 
experience in appraisal, purchase and cost departments. 


F-514 Junior, age 31; seven years experience in gas and 
electric business; wishes to locate in Middle West in same 
line of work. At present employed. 


F-515 Member, at present employed, desires to become 
identified with manufacturing or industrial plant in respon- 
sible administrative or executive position; 18 years varie. 
experience in design and construction of machinery and 
buildings; remodeling, maintenance and operation of indus- 
trial plants and equipment; systematizing of shops and pro- 
cesses along scientific management lines; testing and general 
plant engineering; familiar with the handling of men, draw- 
ing up of contracts, purchasing equipment and material, ap- 
praising properties; modern methods of manufacturing and 
marketing product. 


F-516 Member, with exceptional technical training, both 
mechanical and electrical; five years experience in research 
work on steam turbines, centrifugal air compressors and jet 
pumps; four years complete charge of designing, manufae- 
turing, testing and installing vacuum cleaner systems, 1n- 
cluding the development of a complete line of portable ana 
stationary vacuum cleaning machines; desires position wilh 
a good firm of consulting engineers, with prospect of ulti- 
mate interest in the firm; or would consider position with 
good manufacturing firm. At present employed. 


F-517 Junior, age 38; sales engineer, experienced in han- 
dling high-grade power transmission and mechanical special- 
ties; desires to represent manufacturer; eastern territory in 
United States, or England preferred. 


F-518 Member; technical graduate, 31 years of age, de- 
sires position as works manager, mechanical superintendent 
or efficiency expert with company of consulting engineers 
or large manufacturing corporation; extensive training and 
experience in central power station work, designing, pur- 
chasing, superintending construction and operating depart- 
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ments; consulting engineering work on large properties; 
power production investigations; cost reduction; experienced 
in mill and reinforced conerete construction work. At pres- 
ent employed, but desires a change tor advancement. 


F-519 Sales engineer, Junior, progressive with success- 
ful selling experience; wishes connection with high-class 
manufacturing company desirous of representation in Chi- 
cago and Middle West. 


F-520 Executive, technically educated as a mechanical 
engineer, who, under titles of assistant vice-president and 
secretary, has served as a general utility man for well-known 
manufacturers of machinery; duties included sales, advertis- 
ing, development of new ideas, pushing out work and gen- 
eral oflice management; seeks a responsible position where a 
wide engineering knowledge will be of value. 


F-521 Associate-Member, age 29, married, graduate M.E. 
1908; experience in designing and developing new and orig- 
inal devices in machine shop; erections and installations, 
testing and selling. Good knowledge of water works and 
power plant equipment. Desires a position of responsibility 
or where the outlook for the future is bright for the man 
who can prove good. 


F-522. Summer Position—instructor of mechanical en- 
gineering in an Eastern Institution, desires a shop position ; 
age 26; four years experience in gas engine manufacture; 
available about June 15th. 


F-523 Member, with European technical education, de- 
sires connection with large industrial or manufacturing firm. 
Thirteen years experience in various branches of engineer- 
ing, including the design and development of special ma- 
chinery and process equipment; layout, design, construction, 
equipment and maintenance of manufacturing and industrial 
plants. Conversant with the most modern, efficient and eco- 
nomical methods; has executive ability, a good handler of 
men, willing to assume responsibility, and able to take in- 
dependent charge of industrial engineering work from the 
preliminary investigation to the completion of the work. 
Now employed. 


F-524 Member, technical graduate, desires position as 
works manager or general superintendent, experienced in 
foundry and machine shops, a good executive and manager 
of men. 


F-525 Mechanical engineer, age 27, four years experi. 
ence as a machinist, two as assistant chief engineer of a firm 
manufacturing engines, boilers, ete.; knows how to work 
harmoniously with other men and has executive ability. 
Would consider position with a progressive firm in charge 
of department, or in charge of production and time setting. 
At present employed. 


F-526 Executive engineer, recently general manager of 
an important manufacturing business, rigid experience in 
carrying out large operations. Has been successful in con- 
trolling men and reducing cost of handling material; 35 
years of age. 


F-527 Sales representative established in New York City 
desires to correspond with manufacturer to secure an addi- 
tional account. A-1 standing among manufacturers, engi- 
neers and contractors. 


F-528 Cornell graduate, mechanical and electrical engi- 
neer with broad experience in design, erection, operation 
and appraisal of public service and industrial properties, 
factory maintenance and operation, and sales engineering. 
Desires a permanent position with consulting engineers or 
manufacturing company in or near New York City. Ap- 
praisal engineering preferred. 


F-529 Member, at present employed, desires to be iden- 
tified with manufacturing or industrial plant in responsible 
administrative or executive position; 18 years varied experi- 
ence in design and construction of machinery and buildings; 
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remodeling, maintenance and operation of industrial plants 
and equipment; systematizing of shops and processes along 
scientific management lines; testing and general plant engi- 
neering; familiar with the handling of men, drawing up 
contracts, purchasing equipment and material, appraising 
properties; modern methods of manufacturing and market- 
ing product. 


F-530 Cornell graduate in mechanical engineering, seven 
years continuous experience; consulting engineering oflicer, 
preparation of plans, specifications, supervision of instal- 
lations; also management of hardware and tool manufacture. 


ACCESSIONS TO THE LIBRARY 


With COMMENTS BY THE LIBRARIAN 


This list includes only accessions to the library of this Society. 
Lists of accessions to the libraries of the A. I. BE. E. and A. 1. M. E. 
be secured on request from Calvin W. Rice, Secretary Am. Soc. 
M. E. 


AMERICAN Society OF AGRICULTURAL ENGINEERS. Trans. 
vol. 5, 1911. Urbana, 1912. Gift of society. 

AMERICAN TELEPHONE AND TELEGRAPH COMPANY. Cat. of 
Accounting Library, vol. 1. New York, 1914. Gift of 


company. 

AMERICAN Type FouNbERS COMPANY. Guide to the exhibit 
of the typographic library and museum, at the second 
national printing exposition, Grand Central Palace, 
April 18-25, 1914. Gift of company. 

ARGUMENT BEFORE U. S. SENATE COMMITTEE ON BANKING 

AND CURRENCY in support of Senate bill No. 3895 to 

regulate the use of the mails, telegraph and telephone 

by stock exchanges, March 16, 1914, Samuel Untermyer. 

New York. Gitt of author. 

BERECHNUNG DER FREI AUFLIEGENDEN, RECHTECKIGEN 

PLATTEN, Heinrich Leitz. Forsecherarbeiten auf dem 

gebiete des Eisenbetons, pt. 23. Berlin, 1914. 

Beton TASCHENBUCH, 2 vols., 1914. Berlin, 1914. 
Zement und Beton. 

BeveL Gears, PractTicaL DirecTIONS FOR DRAWING, 
S1zING AND Manchester, 1891. 

BRIEF AND RepLy Brier SUBMITTED ON BEHALF OF THE NEW 
YorK Stock EXCHANGE TO THE SENATE COMMITTEE ON 
BANKING AND CURRENCY, Marcu 5, 30, 1914. Gift of 
New York Stock Exchange. 

CARNEGIE INSTITUTE OF TECHNOLOGY. 
1914. Pittsburgh, 1913. Gilt of the Society. 

CeMENT Wortp. Vols. 3-6. Chicago, 1909-1913. 

Compressep Air, Theodore Simons. New York, McGraw- 
Hill Book Co., 1914. 


A book designed primarily for students which omits the extensive 
description of every existing type of compressor and the countless 
appliances using compressed air. It is well provided with problems 
for the students. 


Construction OF THE House Orrice BuILpING, report of 
the commission to direct and supervise. Washington, 
1912. Gift of John D. Trenor. 

Tue Dieset Enaine. St. Louis, 1913. 
Bros. Diesel Engine Co. 

ENGINEERS’ CLuB or Dayton. 
Laws 1914. Dayton, 1914. Gift of elub. 

Erectinc Work, H. E. Collins. New York, 1908. 

FUR DEN ApparaTeBAU, E. Hausbrand. 
Berlin, 1909. 

History OF THE SINGER BUILDING CONSTRUCTION, its prog- 
ress from foundation to flag pole, edited by O. F. 
Semsch. New York, 1908. Gift of Singer Sewing 
Machine Co. 

Hypravtic Data, H. D. Coale. 
& Pipe Co. 

HypRAULICS FOR ENGINEERS AND ENGINEERING STUDENTS, 
F. C. Lea. ed. 2. New York, 1907. 


Dir 


Gift of 


General eat. 1913- 


Gift of Buseh-Sulzer 


General Information, By- 


ed. 2. 


1913. Gift of Pacifie Tank 
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Hypraviik, Philipp Forchheimer. Leipzig-Berlin, 1914. 


Water Suprty Association. Proe. of second 
meeting, 1910. Urbana, 1910. 


INSTALLATION OF LYMAN PieRSON POWELL AS PRESIDENT OF 
COLLEGE AND WILLIAM SmitH Novem- 
ber 14, 1913. Gift of Hobart College. 


Institute Or Rapio EnGinerers. Year Book, 1914. New 
York, 1914. Gitt of institute. 

JAHRBUCH DER WISSENSCHAFPTLICHEN GESELLSCHAFT FUR 
FLUGTECHNIK. vol. 2, 1913-1914, pts. 1-2. Berlin, 1914. 


LIFE AND PusLic Services OF ANDREW S. Drarer, Thos. E. 
Finegan. Albany, 1914. Gitt of University of the State 
of New York. 

MECHANICS AND Heat, W. B. Anderson. New York, 1914. 


Smoke Inspector. Annual Report, 1913. 
Milwaukee, 1915, Gitt of Smoke Inspector. 


THE MNEMONIC SYMBOLIZING OF STORES UNDER SCIENTIFIC 
MANAGEMENT, H. G. Benedict. Gift of H. Uheland. 


Mopern Steam Traps (ENGLISH AND AMERICAN), their con- 
struction and working, Gordon Stewart. London, 190/. 


THe Navy anp Marine Corps Recister, January 1, 1914. 
Washington, 1914, Gitt of U. S. Navy Dept. 


New York Central AND Hupson River Raitroap Com- 
PANY. Report of the Board of Directors to the Stock- 
holders 1913. New York, 1913. Gift of company. 

New York (Stare) AvromMosite Bureau. Annual Report 
of the Secretary of State, 1913. Albany, 1914. Gift of 
bureau. 

Evecrric Light Association. Proc. of 19th annual 
convention, 1913. 1973. Gift of association. 

Present Status OF THE Water Powers or WISCONSIN. 
Daniel W. Mead. 19/4. Gift of author. 

Dit per WARMELEHRE, E. Mach, ed. 2. Leipzig: 
1900, 

PumMpreN Kompressoren, H. Haeder. ed. 3, vol. 1. 
Wiesbaden, 1914. 

Rat.way Statistics or tue Unirep States or AMERICA, 
1913, Slason Thompson. Chicago, 1914. Gift of author. 

ResTorRATION OF THE Wuite House. Message of the Presi- 
dent of the United States transmitting the report of 
the architects. Washington, 1903. Gitt of John D. 
Trenor. 

Rio pe Janeiro (Brazit) MIxisterio pa Viacio Opras 
Pusticas. Relatorio apresentado ao Presidente da Re- 
publica dos Estados Unidos do Brazil, B. Gongalves. 
Rio de Janeiro, 1913. Gift of Ministerio da Viaegao e 
Obras Publicas. 

Sarety AND Sanitation, M. W. Alexander. 1913. Gift of 
National Founders’ Association. 

Service Station a Business Institution. Reprinted from 
The Commercial Vehicle, Apr. 15, 1914. Gift of Inter- 
national Motor Company. 

Stee. Founpry, J. H. Hall. New York, McGraw-Hill Book 
Co., 1914. 


The author states in his preface that his object is “to set forth 
the metallurgy of the steel foundry from the standpoint of the 
engineer, . . . whose usefulness consists in prescribing the 
cheapest means of producing objects or structures of sufficient ex- 
cellence for the purposes for which they are intended.” A chapter is 
ees up to heat treatment and annealing. and one to “ building up” 
Mpurities in steel. There have been few works on steel castings, 
and this seems a valuable addition to the Mterature of the subject. 


Tar FormMInG TEMPERATURES OF AMERICAN Coats, O. C. 
Berry. University of Wisconsin. bul. no. 635. Madi- 
son, 1914. Gift of A. G. Christie. 

TASCHENBUCH DER LUPFTFLOTTEN. 
Miinchen, 1914. 


1 Jahrgang, 1914. 


TECHNISCHE THERMODYNAMIK, W. Schiile. ed. 2, “ Teeh- 


nischen Wiirmemechanik.” vols. 1-2. Berlin, 1912, 1914. 

VEREIN DER DeuTscHEN ZucKER-INpUsTRIE. General Reg- 
ister der Zeitschrift. 1903-1912. Berlin. Gift of 
society. 

VEREIN DEUTSCHER INGENIEURE. Inhaltsverzeichnis der 
Jahrgange 1904-1910, vols. 48-54 der Zeitschrift. Berlin, 
1912. Gnitt of society. 

VORLESUNGEN UBER TECHNISCHE MECHANIK, Aug. Foppl. 
vols. 1, 3-5. Leipzig-Berlin, 1907, 1909, 1911. 

Dit WERKZEUGMASCHINEN, Hermann Fischer. vol. 2. Ber- 
lin, 1901. 

WESTERN Society oF EnoGineers. Year Book, 1914. 
Chicago, 1914, Gitt of society. 


EXCHANGES 


AMERICAN Gas InstituTE. Proc. vol. 8, 1913. pts. 1-2. 
New York, 1914. 

NATIONAL AssociaTION OF CorroN MaNvuracturers. Trans. 
No. 95, Boston, 1914. 

U. S. Navat Opservatory. Annual Report, 1913. Wash- 
ington, 1913. 

TRADE CATALOGUES 

AMERICAN BLower Co., Detroit, Mich. Bul. no. 35, pitot 
tube and fan testing, January 1914. 

Brown Instrument Co., Philadelphia, Pa. Cat. no. 9, 
Brown pyrometers. 

CARBONDALE Macuine Co., Carbondale, Pa. Bul. no. 11, 
modern distilled water can ice plant, February 1911; 
bul. no. 12, ice making with the Carbondale evaporator 
system, February 1911; bul. no. 14, ten to one ice plant, 
August 1913; bul. no. 16, helping the competitor, June 
1913; machinery for the manufacture and liquefaction 
of earbonie acid gas, 1914. 

CHAPMAN VALVE Manuracturinc Co., Indian Orchard, 
Mass. Cat. and price list, no. 31. 

Davis-BoURNONVILLE Co., Jersey City, N. J. Oxy-acetylene 
welding and cutting apparatus, 31 pp. 

Execrric Srorace Barrery Co., Philadelphia, Pa. Hand- 
book H L, low voltage isolated electric plants for light- 
ing and power with Chloride Accumulator, Mareh 1914; 
Handbook IP, chloride accumulator for use in 110 volt 
isolated lighting and power plants, August 1912. 

Evectric WeigHine Co., New York, N. Y., messiter con- 
veyor scales. 

F’arrBANKS-Morse & Co., Chicago, Ill. Bul. 27, direct-eur- 
rent type CP motors and generators; bul. 29, direct- 

current type TRC motors and generators; bul. 202H, 
alternating-current type B constant speed induction 
motors; bul. 210, ge starter motors. 

Kent Mitu Co., Brooklyn, N. Y. Bul. 39, maxecon mill; 
bul. 40, perfectecon Sait bul. 41, mexecon mill 
grinding plant. 

KEWANEE Co., Kewanee, Ill. Cutting coal costs. 

Max Ams Macuine Co., Mt. Vernon, N. Y., seal of safe.y, 
1914. 

NORTHWESTERN Expanpep Metat Co., Chicago, Ill. Ex- 
panded metal construction, May 1914. 

Sancamo Evecrric Co., Springfield, Ill. Bul. 37, sangamo 
meters, February 1914. 

TIMKEN BeartnG Co., Canton, Ohio. Timken maga- 
zine, March 1914. 

Unpver-Freep Stoker Co. or AMERICA, Chicago, Ill. Pub- 
licity Magazine devoted to the interests of The Jones 
Stoker, April, May 1914. 

Waoner Evecrric Manuracturine Co., St. Louis, Mo. Bul. 
no. 104, manual of electrical testing, Mareh 1914. 


ae 
a 
: 
re: 
rey 
~ 
4 
“whe 
= 
c 
» 
pal 
rin 
oak. 
= 


LVI 


SOCIETY AND LIBRARY 


AFFAIKS 


THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


ABRIDGED LIST OF OFFICERS AND COMMITTEE CHAIRMEN! 


JaMes HartNEss, President Cavin W. Rice, Secretary 


R. M. Dixon, Finance Committee 

H. R. House Committee 

LEONARD WaLpOo, Library Committee 

L. P. ALForD, Committee on Meetings 

THEO. STEBBINS, Committee on Membership 

C. I. Earuu, Publication Committee 

Frep J. MILLER, Public Relations Committee 

R. H. Rice, Research Committee 

Jesse M. Smiru, Committee on Constitution and By-Laws 


1A complete list of the officers and committees of the Society will be found in 


the Year Book for 1914, and in the January and July 1914 issues of The 
Journal 


LOCAL MEETINGS 
Atlanta: J. S. Coon 
Boston: R. E. Curtis 
Buffalo: W. H. Carrier 
Chicago: Paul P. Bird 
Cincinnati: J. B. Stanwood 
Milwaukee: E. P. Worden 
Minnesota: Max Toltz 
New Haven: E. 8. Cooley 
New York: R. V. Wright 
Philadelphia: H. E. Ehlers 
San Francisco: Robert Sibley 
St. Louis: F. E. Bausch 
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PERSONAL NOTES 


Nicholas S. Hill, Jr., consulting engineer of New York, 
sails for Europe on July 7 for the purpose of making an 
investigation and study of the German and English water 
and sewage plants. He will return to this country about 
September 1. 


AND 


Jay G. Coutant, formerly engineer of plant of the Lima 
Locomotive Corporation, Lima, Ohio, who has specialized 
in the burning of powder fuel and water gas, has taken up 
the same work for the Railway Materials Company, Chicago, 
Il. 

A. A. Potter, for several years professor of steam and 
gas engineering at the Kansas State Agricultural College, 
was made dean of the engineering division and director of 
the engineering experiment station of the same institution. 
Mr. Potter will still retain the professorship im steam and 
gas engineering. 

Daniel Webster Mead, professor of engineering in the 
University of Wiseonsin, Madison, Wis., has been appointed 
a member of a Board of Engineers for the prevention of 
floods in Eastern China through a $20,000,000) reclamation 
project. 

Alexander G. Christie, associate professor of steam engi- 
neering, University of Wisconsin, has been appointed 
elate protessor ol 


asso- 
mechanical engineering in the College of 
Engineering which Johns Hopkins University is now organ- 
izing and building. 

Harry L. Braunger has become atliliated with the Aultman- 
Taylor Machinery Company. Mansfield, Ohio. He was until 
recently in the employ ot M. Rumely Company, La Porte, 
Ind.. im the capacity of chief draftsman. 

Theodore A, Leisen has been appointed general superin 
tendent of the Board of Water Commissioners of Detroit, 
Mich. He was formerly associated with the Louisville Water 
Company. Lousville, Ky., as chief engineer and superin 
tendent. 

Arthur M. Crane, late sales manager of the Permutit 
Company. New York, has returned to the New York Conti 
nental Jewell Filtration Company, New York, and will have 
charge of the pressure 

Arthur J. Beerbaum has accepted a position with the 
Western Electrie Company, Chigago, IIL, in the plant engi 
neering department. He was formerly associated with The 
Arnold Company of the same city, in the capacity of drafts 
man, 


filter business. 


William Flovd Lee, cluef engineer of C. W. Hunt Com 
pany, Ine. West New Brighton, S. I, N. Y¥., at a recent 
meeting of the Board of Directors, was elected vice president 
and chief engineer of the company. 

Frederic KE. Pierce has terminated his connection with The 
New Jersey Zine Company, New York, in whose employ he 
has served for over 15 years in various capacities, for the 
latter part as chief engineer, and has opened an office to 
engage in consulting work in civil and metallurgical engi 
neering. 

R. H. Danforth, whe has been for the past six vears con- 
nected with the U. S. Naval Engineering Experiment Sta- 
tion and the Post Graduate Department of Engineering of 
the U. S. Naval Academy, Annapolis, Md., has been ap- 
pointed professor of meehanies and hydraulies at 


Case 
School of Applied Science, Cleveland, Ohio. 


STUDENT BRANCHES 


KANSAS STATE AGRICULTURAL COLLEGE 


On May 18, Leland C. Angevine, chairman of the Student 
Branch at the University of Kansas, gave a talk on the work 
of his Student Branch, telling of its suecess and general 
plan. 

Chief Engineer Polling gave an illustrated leeture on the 
Metropolitan Power Company of Kansas City, Mo., ex- 
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plaining in detail the operation of the units of power pro- 
duction and the method of handling the condensors. 

Rk. J. Taylor, senior student, gave a discussion of the Kan- 
sas City, Mo., Water Supply, explaining the treatment of 
the water to remove the impurities and render it fit for use. 

LEHIGH UNIVERSITY 

On May 19, Lehigh University Student Branch elected 
the following officers: A. V. Bodine, president; E. P. Hum- 
phrey, bursar; H. A. Brown, secretary; P. G. De Huff, 
librarian, 


OHIO STATE UNIVERSITY 

On May 2s, the Ohio State Student Branch held a fare- 
well banquet in honor of the Senior Students in mechanical 
engineering. The following oflicers for the ensuing term 
were elected: R. D. Rogers, chairman: C. L. Brown, vice- 
chairman; W. W. Watson, secretary; K. W. Stinson, treas- 
urer; R. M. Mathews, sergeant-at-arms. 

PENNSYLVANIA STATE COLLEGE 

At a meeting of the Student Branch of Pennsylvania State 
College, the following were elected for the first 
semester of the next college year: C. F. Kennedy, president; 
V. D. Longo, vice-president; W. A. Blume, treasurer; D. E. 
Hewitt. secretary. Reports were made by the chairmen of 
the various standing committees and by the treasurer. 

Mr. Meyers, a graduate of Stevens Institute of Technology, 
spoke briefly on the manufacture of iron and steel, 


ollicers 


UNIVERSITY OF CINCINNATI 


The annual election of officers of the Student Branch of 
the University of Cincinnati was held in conjunction with a 
smoker on May 16. The following were chosen: 
J. Dollman, president; R. Rickwood, viee-president; A. J. 
Langhammer, seeretary-treasurer. 

Prot. John T. Faig, the honorary chairman of the Branch, 
gave an address on Utilization of Coal. He diseussed the 
present using the “black diamond,” the subse 
quent nuisances occasioned thereby and remedial measures. 
Special emphasis was placed upon the efficient utilization of 
coal by the by-product coke ovens and upon the possibilities 
in this tield. 


olheers 
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UNIVERSITY OF MICHIGAN 


At a meeting of the University of Michigan Branch on 
April 23, the following officers were elected to serve until 
January 1915: R. H.. Mills, chairman; C. H. MeClellan, 
recording secretary and treasurer; J. R. Allen, honorary 
chairman. 

On May 18, J. R. 
Vacuum Cleaners. 
a demonstration in 
ing air 


MeColl gave lis paper on Tests of 
Mr. MeColl completed his talk with 
which he showed his method of measui 
pressures In vaeuum systems and the effeet of dif- 
ferent sized orifices upon these pressures, 


UNIVERSITY OF MINNESOTA 


The regular meeting of the Minnesota Student Branch was 
held May 7. John Peoples presented a paper on the EM 
ciency of Rope Driving, which was followed by a diseus- 
Sion. 

A. L. Buenger who represented the Student Branch at a 
meeting of the Executive Committee of the St. Paul-Minne- 
apolis Section gave a report of the meeting. 


On May 27, a special meeting was held at which Max 
Toltz of the St. Paul-Minneapolis Section addressed the 


Student Branch in regard to being present at the Spring 
Meeting of the Society. 


UNIVERSITY OF MISSOURI 

The Student Branch of the University of Missouri held a 
joint meeting with the Electrical Engineering Society on 
May 4. Professor Hubbard gave an illustrated talk on the 
Engineering Societies Building in New York. 

At a meeting on May 18, F. H. Heileman gave a talk on 
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heat treated steet, the benefits derived from heat treatments 
and the difference between the strength of heat treated and 
alloy steels. 
UNIVERSITY OF NEBRASKA 

Engineers week was held during May 4-9 at the Univer- 
sity of Nebraska. The events included an address by H. 
W. Stannard, on Scientific Shop Management, and a smoker 
at which 250 students were present. All classes were sus- 
pended on Friday and in the evening all the engineering 
laboratories were open to visitors, about 2000 of whom in- 
spected the equipment. The mechanical engineering labora- 


tories were the center of attraction, and about 500 souvenirs 
cast from aluminum in the foundry were given away to the 
guests. A photograph of these souvenirs is given herewith. 
The concluding event of the week was a banquet on Saturday 
evening, at which 350 were present, Bion J. Arnold acting 
as toastmaster. The speakers included Gov. T. H. More- 
head; E. J. Robinson, engineer of valuations of C. B. & Q. 
R. R.; W. J. Provaznik, city engineer's office, Omaha; 
George H. Tinker, bridge engineer for N. Y. C. & St. L. 
R. R.; B. C. Yates, asst. chief engineer, Homestake Mining 
Co.; H. E. Reagan, president U. S. Equipment Co., Chicago; 
and Lieut. Col. Herbert Deakyne, Engineering Corps U.S. A. 

On May 19, at a meeting of the Student Braneh, the fol- 
lowing officers were elected: B. F. Merriam, chairman; L. 
L. Westling, secretary; D. W. Watkins, treasurer; and H. 
S. MeNabb, publicity man. 

A special meeting of the Branch was held May 21, to 
which the Engineers’ Club of Lincoln was invited. B. F. 
Hart of the National Tube Co. of Chicago gave a lecture 
on the manufacture of steel tubing illustrated by slides and 
three reels of motion pictures. The pictures showed the 
processes of manufacture from the mine where the ore was 
obtained to where the pipe was being shipped. After the 
lecture, the meeting was open for discussion. 


EMPLOYMENT BULLETIN 


The Society considers it a special obligation and pleasant duty to 
be the medium of securing positions for members. The Secretary 
sives this his personal attention and is pleased to receive requests 
both for positions and for men. The published list of ‘‘ men avail 
able is made up from members of the Society. Notices are not 
repeated except upon special request. Names and records are kept on 
the office list three months, and if desired must be renewed at the 
end of such period. Copy for the Bulletin must be in hand before 
the 12th of the month, . 


POSITIONS AVATLABLE 
523 Salesman for offset printing presses. 
524 Salesman who has been a suecess wanted by Penn- 
sylvania concern; prefer a man who has had experience in 
sale of boilers or stokers or large power plant apparatus. 


526 General Manager who will be willing to invest ten 
te twenty thousand dollars and thoroughly in sympathy 
with modern manufacturing methods, wanted for concern 
manufacturing machinery of every profitable nature. Name 
confidential. Apply by letter. 
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601 Company Middle West have opening im experi- 
mental mechanical department for a responsible man ex- 
perienced in machine design, capable of supervising the 
work of drafttsmen, following it through the shop and de 
veloping into practical operation, 


604. A large company desires the services of a mechan 
ieal engineer who is thoroughly familiar with and capable 
of passing on locomotive and ear design; preterably one 
who has been connected with a railroad and has had prae 
tical as well as theoretical experience. Salary $300 to $550 
Apply through Society. 


605 Shop superintendent who is familiar with moder 
shop practice and up-to-date manufacturing methods, for 
factory located in the east and manufacturing hght mechan 
ical and electrical devices. State experience, references and 
salary expected, 

609 Chief engineer to take charge of power plant con- 
sisting of a steam and electrical plant. Penn 
svivania. 


Loeation, 


610 College graduate. preterably one who has been out 
two or three vears and acquired a little business experience 
or acquaintance with business methods, would be employed 
principally in demonstrating and selling mine reseue appa- 
ratus, various stvles of reviving apparatus employing 
tieial respiration and kindred devices; will be expected to 
make oceasional trips to the various coal fields, but would 
be loeated at New York oflice the greater part of the time. 
Man who has studied elementary chemistry and 
something of a mechanic. 


611 Salesman for Eastern states, for thermo-dynamic 
apparatus as feed water heaters, oil and air coolers, and air 


who Is 


heaters; also for condenser line. Location probably in 
Boston. 
612 Instructorship in) mechanical engineering depart- 


ment of university in Pennsylvania; prefer man with at 
least one year’s outside experience. Salary $900 to $1000, 


613) Vaeaney in the mechanical laboratory division of 
university in Pennsylvania; salary $1400 te $1500. 0 Appli- 
cant should have had both outside and teaching experience. 


614 Wanted. mechanical engineer thoroughly familiar 
with shop practice. resourceful in design and manufacture, 
familiar with the fundamental principles of scientifie man- 
agement, capable of taking charge of a small factory of 
fifteen men manufacturing mathematical instruments: would 
be expected to start as draftsman until familiar with the 
work; only these of good managing ability and push need 
answer. Give full particulars and references. State salary 
required to start. Loeation, Pennsylvania. 


617 General manager for sawmill and timber company 
in North Carolina; does not need to be an engineer but eapa- 
ble of handling large enterprise. Large tract of timber is 
owned and 50,000 feet or more of timber handled daily. 
Apply by letter. 


620 Suecessful company manufacturing light machinery 
desires to add one or more new products and will take over 
the manufacture and sale of any device that has proven its 
merit and for which there is a wide market. Name confi- 


dential. Apply by letter. 

621 Contractor wanted to saw out lumber from large 
tract in North Carolina. Sales will be arranged. Apply by 
letter. 

MEN AVAILABLE 

G-700 Member, thoroughly familiar with the design of 

gas producers, gas engines from 50 h.p. to 300 h.p. and 


Corliss engines for all purposes, such as pumping, blowing 
and hoisting engines, air compressors and power plants, de- 
sires position as mechanical engineer or assistant mechanical 
engineer. 
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G-701L Student member, technical graduate with gas en 
vine experience, desires position in some gas engine line 
where advancement may be obtained. At present in charge 
of care, maintenance and operation of various gasolene en- 
vines on large construction job. Would start at $100) per 
month. 

G-702 Member located in Norway desires to act as rep- 
resentative of American firms. 


G-703 Mechanical engineer, technical graduate, S.B. and 
MLM.E., with practical training and executive experience as 
superintendent with large corporations in steel and 
mobile business, owing to acute depression of motor track 
industry, desires position as superintendent ov manager of 
au plant manufacturing a good line of mechanical product. 
Location immaterial. 


G-704 Member, technical graduate, with 13 years sue 
cesstul teaching experience, will be open for position in 
September as instructor of mechanical drawing and ma- 
chine design and related subjects, or as superintendent ot 
shops in an engineering college or university. Would alse 
consider position as director or head of department of a 
vocational or trades school. Can handle several lines of 
shop work in beth wood and metal. 


G-705 Member, age 33, technical graduate, experienced 
as elief draftsman and as manager of engineering and draft- 
ing departments in manufacturing lines desires similar posi- 
tion, or position as mechanical engineer, or assistant to 
superintendent or manager. 


G-706 Pennsvivania State College graduate, degrees B.S. 
and M.E., age 31, married, with four vears shop experience 
and five vears varied engineering teaching experience, de- 
sires & position as instruetor in the mechanical engineering 
department of a college. At present teaching. 


G-707 Member, age 38, ten vears experience in charge of 
shops and departments, desires position as superintendent 
or foreman, or practieal machinist. Competent to organize; 
thereughly familiar with all modern manufacturing methods 
and systems, Location immaterial. 


G-708 Mechanical engineer with technical education, age 
30, thorough training in power plant and locomotive test 
ing. desires position as mechanical engineer with large in 
dustrial corporation to take charge of power plants, equip 
ment, ete. Past four vears connected with arehitect’s office 
as mechanical engineer in designing power plants, heating. 
ventilating, electrical and plumbing installations for office 
buildings, factories and large schools. 


G-709 Member, age 32, at present designing special heavy 
machinery. Has had varied and valuable experience in same 
and in mill construction; original and practical ideas in de- 
sign gained by ten vears fleld and oflice experience. Wishes 
to connect with company desiring services of capable engi 
neer, superintendent of erection or inspector. — Location 
secondary consideration. Minimum salary $2400, 


G-710 Member, age 33, married, at present employed as 
inspector of mechanical equipment in addition to large power 
station, desires position as assistant superintendent of power 
in large generating station, or with large engmeering firm 
designing or erecting power stations. Has had six vears 
experience designing and erecting power houses for indus- 
trial plants and railroads. 


(i-711 Mechanical engineer, technical graduate with 15 
years shop and mill experience desires important position 
as plant engineer, or would eonsider taking an interest with 
services in small manufacturing enterprise turning out me- 
chanieal goods, 


G-712 Technically trained man with shop experience and 
an extensive record at designing presses, dies and other sheet 
metal tools, special automatie machines, and machine tools 
for special purposes, desires employment along these lines. 
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G-713 Member, technical graduate, with experience in ex- 
ecutive work of large corporations, desires position as works 
manager or superintendent. Wide training and experience 
in the items which are required of a corporation engineer, 
such as the design of power plants and machinery, their con- 
struction, maintenance and operation, purchasing engineer- 
ing material, taking executive charge of all consulting work 
including building construction of all kinds. 


G-714 Technical graduate, 37 vears of age, 15 years wide 
experience in teaching manual training, mathematics, draw 
ing and machine design and mechanical engineering subjects, 
desires a position with broader outlook. Would accept posi 
tion in a technical high school, industrial school or college 
as director or head of department. 


G-715 M. 1. T. graduate, with experience on instructing 
staff and in efficiency engineering and scientific management 
in power, manufacturing and auxiliary departments, desires 
further work along these lines, or permanent executive posi 
tion with concern desiring energy and ability. 


G-716 Associate, age 36, railroad and valuation exper 
ence with five large companies; also in mechanical and elec 
trical equipment other than rolling stock and structures. 
Competent to serve with construction company, or as works 
or purchasing engineer, 


G-717) Junior, ten vears practical experience, consulting 
mechanieal engineer with oflice in Philadelphia, wishes to 
arrange with a company in that vicinity for part time. 


G-718 Graduate M.E., executive, desires position where 
wide engineering knowledge will be of value. Has served as 
assistant vice-president and secretary of well known manu 
facturers of machinery. Duties ineluded sales, advertising. 
development of new ideas and general office management. 


G-719 Member, age 40, mechanical engineer, going to 
Europe for summer, would assume duties of engineering or 
commercial nature for firms desiring representative; wide 
experience in design, manufacture and sales of mechanical 
and electrical equipments of power and industrial plants, 
hoisting, conveying and special machinery, motor cars. 
Fluent knowledge of German, Swedish and Danish, well 
acquainted with engineering trade conditions and market 
requirements in Northern Europe. Would consider perma- 
nent engagement as foreign representative for reliable eon- 
cern. 

G-720) Mechanical engineer, with ten vears experience as 
draftsman, designer, engineer and superintendent in marine 
engines, hoisting and conveying machinery, cement machinery 
and plants, general manufacturing and repair work, 


G-721 Junior, age 31, married, foundry assistant super- 
intendent or engineer, with 13 vears experience in shop, 
drawing room and foundry, last four vears specializing 1 
foundry efficiency work, installation and operation of equip- 
ment. Designer of successful molding machinery, pattern 
mounting methods, ete.; understands melting and mixing of 
gray iron, malleable and crucible steel. Capable exeeutive, 
organizer and investigator. 


G-722 Stevens graduate, nine years practical experience 
on construction and electrical work, also sales experience; 
wide acquaintance among engineers, architects and builders. 


G-723 Junior, age 38, sales engineer, experienced in 
handling high-grade power transmission and mechanical spe- 
cialties, desires to represent manufacturer; eastern United 
States or England preferred. 


G-724. Junior, graduate mechanical engineer, age 26, 
with three vears shop and drafting room experience in loco- 
motive construction, desires position with engineering or 
manufacturing company. Location immaterial. 


G-725 Member, mechanical engineer, age 42, married, de- 
sires position in which good future can be expected; 14 
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years experience in dra{ting, designing, supervising and ex- 
ecutive positions, power plant work, heating, ventilating, 
mill engineering and factory. 


G-726 Mechanical engineer, 14 years experience on steam 
station design and construction, with positions as chiet 
draftsman, resident engineer and superintendent of construc- 
tion; lately completed the installation of a 7500-kw. turbine 
condensing plant in Canada. Location immaterial but pre- 
fer to connect with New York concern. Can invest some 
money if desired, 

G-727 Junior, age 26, experience in design, construction 
and operation of steam engines, boilers, refrigerating ma- 
chinery and power plant accessories; recently employed on 
hydraule dredging machinery and pumps. 


G-728 Mechanical engineer, age 38, married, 14 years ex- 
perience in design, construction and operation, wishes posi- 
tion with cement manufacturing company; recently super- 
intendent of a 3000-bbl. plant; salary moderate. 


G-729 Graduate University of Cincinnati, age 24, four 
years experience as machinist, foundry experience, and one 
year experience in power plant construction and design, 
would consider position with good chance tor advancement, 
or as instructor in engineering or technical school. Location 
immaterial, 


G-730 Junior, age 27, married, etliciency expert, gradu- 
ate mechanical engineer, unusual experience in industrial 
organization methods, desires better opportunity. At  pres- 
ent employed. 


G-731 Member, technical graduate, at present and for 
several vears past engaged in successful practice as consult- 
ing engineer, especially experienced in power requirements 
and equipment for mining and contracting operations, would 
consider regular employment with substantial concern; will- 
ing to accept smaller prospective compensation in return for 
greater regularity. 


G-732 Student member, technical graduate, desires posi- 
tion in mechanical engineering line, preferably in gas engi- 
neering field; can furnish best references. 


G-733 Works manager or superintendent, age 36, gradu- 
ate mechanical engineer with broad experience in factory 
work; have been especially suecesstul in designing machin- 
ery for interchangeable manufacture and organizing men 
to get best results. At present superintendent of factory em- 
ploying 800 men, but desires change. 


G-734 Graduate mechanical engineer with 18 vears ex- 
perience as draftsman, checker, designer, estimating and 
selling engineer for various kinds of gridiron and Corliss 
engines, crank and flywheel pumping engines, air compres- 
sors and special machinery, desires position as chief drafts- 
man, selling or estimating engineer or office manager; thor- 
oughly aequainted with modern shop methods of manutae- 
ture. 

G-735 Associate-Member, mechanical engineer, age 29, 
nine vears experience gas engine design, four years gas trac- 
tion engine development, extensive carburetor design, de- 
sires position as designing engineer or superintendent of ex- 
periments; can develop complete motor for use of kerosene 
or other low-grade fuel. 


G-736 Associate-Member four years practical shop and 
office experience in all departments of well known company, 
desires to locate permanently with a first class coneern as 
sales manager or factory superintendent. 


G-737 Commercial engineer, M.E. 1904, Associate-Mem- 
ber, knowledge of five languages, invites correspondence for 
position where tact with engineering skill will be appre- 
ciated. 


G-738 Energetic voung man, age 21, graduate M.E. 1914, 
unmarried, desires to enter commercial field with manufac- 
turing concern; have had some business experience; location 
immaterial. 
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PERIODICALS WANTED 


Following is a list of periodicals which the Library 
of the kKngimeering Societies desires to obtain in order 
to complete its list of reference sets. Anyone having 
any of the missing numbers will confer a favor by 
communicating with the lbrarian, W. P. Cutter, 29 
West 39th Street, New York. 


1-13, 1899-1912. 
IN WISSENSCHAFT UND INDUSTRIE. 


ACETYLENE JOURNAL, 
ACETYLEN 
1909, 

ACETYLENE. 1-5, 1903-1908. 

AERONAUTICAL JOURNAL. 1-12, 1897-1908. 

ALLGEMEINE AUTOMOBIL ZeEITUNG. 1-9, 1900-1908 (Berlin). 

ALLGEMEINE BAUZEITUNG. 1-date, 1836-date. 

AMERICAN LUMBERMAN. 1-date, 1899-date. 

ANNALEN DER CHEMIE (Liebig’s). 1-364, 1832-1909, 

ANNALES DES MINES BELGIQUE. 1-8, 1896-1903. 

ANNALES DES PoNTs ET CHAUSSEE. Memoires et documents. 
Ser. 1-5; Ser. 6, vols. 1-16, 19-end of ser.; Ser. 7; Ser. 8, 
vols. 1-30, 36. 

Lois decrets, ete. Ser. 1-5; Ser. 6, vols. 1-8, 10-end of 
ser.; Ser. 7; Ser. 8, vols. 1-7, 8 pt. 1. 
Personnel. All betore 1889, and any issued to date. 

ANNALES DES TRAVAUX PupBLics BELGIQUE. 1-date, 18453 
date. 

ARCHIV FUR EISENBAHNWESEN. 1-30, 1878-1907, 

AUTOGENE METALLBEARBEITUNG. 1-date, 1908-date. 

UND HUrTreENMANNISCHE ZeituNG. Vols. 1-21; 44, no. 
36; 49, no. 14, 45, 51; 50, nos. 8, 47; 51, no. 19; 52, nos. 
39, 41; 42, 44-52; 54, nos. 2, 3, 4, 25, 26, 29, 30, 32; 55, 
no. 10, 

BETON UND Eisen. 1-2, 1902-1903. 

BRAUNKOHLE. 1-7, 1902-1908. 

Brick. 1-42, 1894-1915. 

CEMENT AND ENGINEERING NEWS. 
1910, 

CENTRALBLATT DER BAUVERWALTUNG. 

CHEMICAL ENGINEER. = 1-4, 1904-1906. 

CHEMICAL Sociery oF Journal. 1-26, 1849-1873. 

CHEMIKER ZEITUNG. 1-10, 12, 1877-1886, 1888. 

CHEMISCHE 1-date, 1878-date. 

CHEMISCHES CENTRALBLATT. 1-date, 1830-date. 

CIMENT (Paris).  1-date, 1896-date. 


1-12, 1898 


1-21, 22, no. 2, 1896-1909, 


1-33, 1881-1913. 


ConNeEctTICUT Society oF Civit ENGiNters. Papers, 1-25, 
27, 1894-1909. 

ContTRACTOR (Chicago). 1-date, 1898-date. 

CHEMISCHE GESELLSCHAFT, 1-6, 1868 
1873. 

EIsen ZeiruNG. 1-2-4, 1880-1905. 

ELEcTRICIAN. Ser. 1, vol. 10 to end of series, 1886-1890, 


ELEKTRISCHE UND MASCHINELLE Berrieve (Leipzig). 1-date, 
1898-date. 

ELEKTROCHEMISCHE ZEITSCHRIFT. 1-8, 1894-1901. 

ELEKTROPHYSIKALISCHE Runpscuav. 1-3, 1910-1912. 

ELEKTROTECHNISCHE NACHRICHTEN. 1-date, 1905-date. 

FEUER UND Wasser. 1-date, 1894-date. 

FONDERIE MODERNE. 1-4, 1908-1911. 

Gas Wortp. 1-58, 1884-1913. 

GAZETTA CHIMICA ITALIANA. 1-date, 1871-date. 

GEOGRAPHICAL JOURNAL.  33-date, 1908-date. 

GEOLOGICAL MAGAZINE. 4 to new ser. decade, 5, vol. 5, 1867 
1908. 

GEOLOGISCHES ZENTRALBLATY. 1-11, 1898-1908. 

GESUNDHEITS INGENIEUR. 1-31, 1878-1908. 

GLUcKAUF. 1-31; 36, no. 27; 38, nos. 2, 7, 1865-1902. 

GuMMi ZeirunG. 1-21, 1888-1906. 

HAeEpDER’S ZEITSCHRIFT FUR MASCHINENBAU. 

Hetios. 1-date, 1895-date. 

Buancne. 1-10, 1902-1911. 

InGenteur (The Hague). 1-24, 1886-1902. 

INSTITUTE OF MARINE ENGINEERS. 1-20, 1889-1909. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN SCOTLAND. 
1, 8, 1857, 1865. 


1-20, 1893-1912. 


: 
4 
4 
*, 
7 
+ 
wy 
* 
|| 
x 
wel 
| 
‘ 


SOCIETY AND 


Ikon Ack. 1-23, 1855-1878. 

JERN KonrorTES ANNALER. 2, 4, 13, 16, 17, 19, 20. New 
Ser. 1, pts. 1-2; 3; 5-11; 12, pt. 5-end of vol.; 14-15; 28, 
pts. 1-3, 6G-end of vol.; 29, pts. 1-2, 4-5; 30, pt. 
pts. 2-5; O4, pt. 1; 63, pts. 3-4, 1818-1908, 

— Bihang. All before 1828, 1829-1836, 1838-1867, 1869- 
1899. 

- Register. 1817-1890, 

JOURNAL FUR GASBELEUCHTUNG. 1-51, 1858-1908. 

JOURNAL FUR PRAKTISCHE CHEMIE. 1-date, 1828-date. 

JOURNAL OF Gas LiguTinG. 1-22, 51-52, 56, 62-63, 93, 96, 
99-108, 1850-1909. 

KONINKLIJK INSTITUUT von INGENIEURS (Hague). Tijd 
sehritt. 1870-1903, 1906. 

Marine EnGineer Arcuitect. 1-25, 1879-1903. 

METALLROHREN INpUSTRIE.  1-date, 1907-date. 

MeraLLuraifé (Paris). 1-32, 37, 40, 1868-1909. 

MINING AND Sctentiric Press. 1-9, 11-19, 24-33, 1860-1876. 

MINING JouRNAL (London). 1-47, 59, 1835,1877, 1889. 

MITTHELLUNGES AUS JUSTUS PERTHES GEOGRAPHISCHER AN- 
STALT. 43-date, 1807-date. 

Mororwacen (Berlin). 1-13, 1898-1908. 

Municipan ENGINEERING. 1-21, 24-31, 1890-1901, 1905-1906, 

Nature (Paris). 1l-date, 1873-date. 

NEUESTE ERFINDUNGEN UND ERFAHRUNGEN. 1-date, 1874 
date. : 

OPSTERREICHISCHE Zerrscurier FUR Berg Htrren- 
WESEN, 1-26, 1853-1878. 

Omnia. 1-7, 1906-1912. 

PerroceumM. 1-3, 1905-1907, 

Perroceum Review, Lonpox. 1-25, 1889-1911. 

Perroteum Worip. 1-8, 1903-1910. 

Prometrukus. 1-19, 1879-1908, 

REVISTA TECNICA DELLE Frrrovir 1-date, 1912 
date. 

REVUE DE LA SoupurE AUTOGENE.  1-date, 1909-date. 

REVUE GENERALE DES SCIENCES PURE ET APPLIQUEE. 1-10, 

1-9, 18980-1908, 

SCHWEIZERISCHE BauzerruNG. 1-56, 1874-1910. 

SocieTe BELGE 1-3, 5, 8-9, 11-20, 1SS84- 
1905, 

Societe INDUSTRIELLE DE 1-71, 1828-1901, 

SoziaL TrecuN“ik. 1-6, 1902-1907, 

SPRECHSAAL. 1-41, 1868-1908, 

TekNisk Tipsskrivr. 1-25, 1877-1901. (IKopenhagen. ) 

TELEFUNKENZEITUNG. 1-date, 191 1-date. 

TONINDUSTRIE ZEITUNG. 1-31, 1877-1907. 

VEREIN ZUR BEFORDERUNG DES GEWERBEFLEISSES. Verhand- 
lungen. 1-88, TS22-1909. 

AND WaTeR ENGINEERING.  1-date, 1899-date. 

ZEITSCHRIFT DES VERBANDES DEUTSCHER SCHIFFSINGENIEURE. 
1-date, 1911-date. 

ZEITSCHRIFT FUR ARCHITEKTUR U. INGENIEURWESEN ( Areli 
tekten u. Ing. Verein zu Hannover). 1-48, 1855-1902. 

FUR BAUWESEN. 1-date, 1851-date. 

ZEITSCHRIFT FUR BELEUCHTUNGSWESEN. — 1-7, 1895-1901. 

FUR DAMPFKESSEL UND MASCHINENBETRIEB. 
1-36, 1878-1913. 

ZEITSCHRIFT FUR ELEKTROTECHNIK UND MASCHINENBAU. 
1-5, 1898-1902. 

Zeitscurier FUR Heizune, unp BEeELEUCHTUNG. 
1-12, 1896-1908. 

ZEITSCHRIFT FUR KLEINBAHNEN. 1, 3-8, 1894, 1896-1901. 

ZEITSCHRIFT FUR KOMPRIMIERTE UND FPLUSSIGE GASE. 1-date, 
1897-date. 

ZEITSCHRIFT FUR PHYSIKALISCHE CHEMIE. 1-date, 1887-date. 

ZeITscHRIFT FUR SAUER UND STICKSTOFFINDUSTRIE.  1-date. 
1908-date. 

FUR TRANSPORTWESEN. 1-28, 1884-1907. 

Zeirscuriv® FUR p. GesamTe KALTEINDUSTRIE. 1-15, 1894- 
1908. 

ZEITSCHRIFT FUR DAS GES. ScHiESS U. SPRENGSTOFFWESEN. 
l-date, 1906-date. 

ZeirscurieT FUR p. GESAMTE TURBINENWESEN. 1-3, 1904- 
1906. 


ZEMENT UND Beton. 1-date, 1902-date. 


LIBRARY AFFAIRS 


ACCESSIONS TO THE LIBRARY 
With COMMENTS BY THE LIBRARIAN 


This list includes only accessions to the library of this Soc iety 
Lists of accessions to the libraries of the A. I. BE. EB. and A, L. es. > 
can be secured on request from Calvin W. Rice, Secretary Am, So 
M. E. 


AGRICULTURAL AND MecHANICAL COLLEGE OF Texas.  Pie- 
torial Number, Mareh 1914. Gift of the college. 

American Lanor Lecistarion Review (Unemployment 
Number). vol. 4, no. 2. May 1914. New York, 1914. 

American Macuinist Gear Book, Chas. H. Logue. New 
) ork, 1911. 

Amertcan Woop Preservers’ Association. Proceedings of 
10th Annual Meeting, 1914. Baltimore. Gitt of Asso- 
elation, 

ASPHALTS, THEIR Sources AND UTILizaTions, 1914 road edi- 
tion, T. H. Boorman. New York, 1914. Gift of author. 

Tuk Avrocar IMpertaL Year Boox 1914. London, 1914. 

Avromonite Dierionary, Sigmund Krausz. London, 1907. 

AUTOMOBILE ENGINEER YEAR Book ror 1914. London, 1914. 

Aviation, AN INTRODUCTION TO THE ELEMENTS OF FLIGHT. 
A. E. Berriman. London, 1913, 

BAUMATERIALIENKUNDE. vol. 7. Stuttgart, 1902. 

CARNEGIE FouNparion FOR THE ADVANCEMENT OF TEACH- 
inc. Annual Report, 8th, 1913. New York, 1913. Gift 
of Carnegie Foundation. 

CentrirusaL Fans, J. H. Kinealy. New York-London, 
12005. 

Marematico pt Patermo. Adunanza volenne del 
14 Aprile 1914. XX Anniversario della Fondazione. 
Palermo, 1914, Gitt of Cireolo Matematico d. Palermo. 

COMMUNICATIONS PRESENTEES DEVANT LE CONGRES INTER- 
NATIONAL DES MeEtrHopes p’Essal DES MATERIAUX DE 
CONSTRUCTION. vols. 1-2. Paris, 1901. 

Conquest or THE Atk, Alphonse Berget. New York, 1911. 

CoNsTRUCTION OF CRANES AND Lirtinc MACHINERY, 
E. C. R. Marks. ed. 3. London, 1904. Gift of Hunt 
Memorial Fund. 

Conrron of Warkr As APPLIED TO IRRIGATION, POWER AND 
Town Water Suprty Purroses, P. A. M. Parker. 

Cost ACCOUNTING ON CONSTRUCTION WorRK. WITH A DE- 
SCRIPTION OF THE SYSTEM USED BY THE ABERTHAW 
ConstrucTION Company, Leslie H. Allen. Boston, 1914. 
Gitt of author. 

Crovoxn Water SUPPLY: QUALITY AND PURIFICATION, 
Geo. W. Fuller. Gitt of author. 

Ture DeveLorMENT OF OUR ForeIGN Trape. Address of Mr. 
John Hays Hammond at the Meeting of the American 
Association for the Advancement of Science, Atlanta, 
Ga.. December 30, 1913. Gift of C. W. Rice. 

pre Agrronactik, Adolf Lippmann. vol. 1. 
Leipzig, 1911. 

EINGRIFFVERHALTNISSE DER SCHNECKENGETRIEBE, Ad. Ernst. 
Berlin, 1901. 

ELEMENTARY TREATMENT OF THE THEORY OF SPINNING Tops 
AND Gyroscopic Motion, Harold Crabtree. London, 
1909, 

ENGINEERING Contracts. Representations of Fact in Spee- 
ifications—General Cautionary Clauses. Decision of the 
Supreme Court of the United States. Washington. 

EVAPORATION IN THE CANE AND THE Beet SuGar Factory, 
Edward Koppeschaar. London, 1914. 

FORSCHERARBEITEN AUF DEM GEBIETE DES EISENBETONS, pt. 
24, Berlin, 1974. 

FOUNDATIONS AND Macuinery Fixine, F. H. Davies. Lon- 
don, 1912. 

Founpry Macninery, E. Treiber. Translated from the 

German by Chas. Salter. London, 1919. 
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LVI SOCIETY AND 
GENERAL Society OF MECHANICS AND TRADESMEN OF THE 
Ciry or New York, HisroricaAL SKETCH AND GOVERN- 
MENT, 1785-1914. New York. Gilt of General Society 
ot Meechanies and Tradesmen. 

GENERATORGAS 
Carl Kietaibl. 


DAs SEINE ERZEUGUNG 


Wien-Leipzig, 1910. 


UND VERWENDUNG, 


Heating: Tue Turory AND Practice oF HEATING AND VEN- 


TILATION, A. H. Barker. London, 1912; New York, 
1916. 

Heating anp Venticarion, Chas. L. Hubbard. Chicago, 
1909, 


Heizung UNv LUrr von GeBAubEN, Anton Gramberg. Ber- 
lin, 1909. 

Uypratitic Macuinery, R. G. Blaine. ed. 3. London, 19105. 

ILLUStTRIRTE ZEITUNG, DescriprivE NUMBER OF THE CITY OF 
March 26, 1914. Gitt ot Brentano. 

LEITFADEN DER LUFTSCHIFFAHRT UND FLUGTECHNIK, 
mund Nimfiihr. ed. 2. Wien, 1910. 

Liprary COMPANY OF PHiLApELPHIA. Bulletin no. 72, April. 
1914. Philadelphia, 1914, 

Lowe. TexrtLe ScHooL. Bulletin 1914-1915. 
Gitt of Lowell Textile Sehool. 

Dit LUFPTSCHIFFAHRT DER GEGENWART, 
Wien, 1903. 

Marine Stream Ewncine. Richard Sennett and 
Oram. ed. 11. New York-London, 1913. 
Der MASCHINENBAU, Eduard Breslauer. 3 Vols. 

1906. 

NATIONAL COMMERCIAL GaAs ASSOCIATION. Proceedings of 
9th Annual Convention, 1913. New York, 1913. Gitt 
ot the Association. 

Den Norske INGENIOR-OG ARKITEKTFORENINGS. 
NORM FOR INGENIORARBEIDER. 


Rai- 


Lowell, 1914. 
Hermann Hoernes. 


Henry J. 


Le ipzig, 


Honorar- 
Kristiania, 1906, 


NOUVELLES MACHINES FRIGORIFIQUES BASEES SUR L’ EMPLOI 


DE PHENOMENES PHystico-cHIMIQUES, Raoul Pictet. 
Genére, 1885, 
Over-TyPE SUPERHEATED STEAM ENGINES, W. J. Marshall. 


London, 1913. 

PRACTICAL TREATISE FOR BOILERMAKERS, I. 
don. Cardiff, 1913. 

Present Position OF THE DIESEL ENGINE 
MARINE Proputsion, George Carels. 
Tyne, 1913. Gift of W. R. Haynie. 

SHOULD THE SHERMAN AwNtTI-TRUst LAw BE AMENDED? 
Address of Mr. John Hays Hammond at the 14th An- 
nual Meeting of The National Civie Federation held at 
Hotel Astor, New York, December 12, 1913. Gift of 
C. W. Riee. 

SocieTe SUISSE DES 
Annuaire 1915 et 
Gift of the Society. 

STATEMENT OF Bion J. ARNOLD, WITH REFERENCE TO THE 
REPORT DATED APRIL 28, 1914, oF Narrow, Wapbe, GuTH- 
& Co.,. MADE TO JOHN E. TragGcer, City Comp- 
TROLLER, Crry OF CHICAGO, UPON THE ACCOUNTS OF THE 


J. and H. Had- 


CHIEFLY IN 
Newcastle-upon- 


ARCHITECTES. 
Zurich, 1914, 


INGENIEURS ET DES 
Liste des Membres. 


Cuicaco Ciry Ramway Company. Chicago, 1914, 
Gift of C. W. Rice. 

STeAM Boiters anp Borer Accessories, W. Inehley. New 
York, 1912. 

Sup-Scrrace Srrvuerures 1s New York. Read before 


American Society of Engineering and Architectural 
Contractors, May 12, 1914. Gift of T. H. Boorman. 

TECHNISCHE MESSUNGEN BEI MASCHINENUNTERSUCHUNGEN 
UND IM Berriesr, A. Gramberg. ed. 2. Berlin, 1910. 

TESTING OF Steam Borers, A. C. Lomshakof (in Russian). 
St. Petersburg, 1897. 

TEXT Book on Moror Car ENGINEERING, A. G. Clark. 
1. London, 1911. 

Aus THEORIE UND PRAXIS DES RIEMENTRIERES MIT BESON- 
DERER BERUCHSICHTIGUNG DER “ RIEMENTRIEBE Boes- 


vol. 


LIBRARY 


AFFAIRS 


D.R.P., Fritz Adolf Boesner. Berlin, A. 
1914, 
A treatise on belt drive written by the inventor, in which he dis 
cusses the theory of belts as applied to his invention, Many in 
teresting tests are given. 


PoLyTecHNnt 


Seyde 4 


Institute. Bulletin, vol. 20, no. 52; 


vol. 21, no. 57; vol. 22, no. 61; vol. 23, no. 62. Pasa- 
dena, 1971-1914. of the institute. 

Tooruep GEARING, Geo. T. White. London, 1912. 

Tootnep Graring: A PracricaL ror OFFICES 


AND Worksuops, Joseph Horner. ed. 2. London, 1904. 
TREATISE ON THERMODYNAMICS, Max Planck. 
Alex. Ove. London-New York, 1903. 
VORLESUNGEN UBER TECHNISCHE MECHANIK. 
vol, 2, ed. 3. Leipzig, 1912. 
Warer Power. Filth National Conservation 
Washington, D. C., November 18-20, 1913. 


Translated by 
Aug. 


Congress, 


Dit WERKZEUGMASCHINEN, Hermann Fischer. 2 vols. Ber 
lin, 1905. 
EXCHANGES 
AMERICAN EPHEMERIS AND Nautica ALMANAC, 1916. 
Washington, 191i. 
AMERICAN SOCIETY OF HEATING AND VENTILATING ENGI 


Vew 
DEUTSCHEN MutseuMs. VERWALTUNGS 
ZEHNTE GESCHAPTSJAHR 
U. S. Navat Opservatory. Pubheations 
vol. 8. Washingten, 1914, 
UNITED ENGINEERING 
BiIBLIOGRAPHIE DER DEUTSCHEN 
KF. Dietmeh. vol. 33, 1913. 
DreurscHes RETTUNGSWESEN. 


York, 1911 
VERICHT UBER DAS 
Miinehen, 191 


(Second 


NEERS. ‘Transactions. vol. 17. 


series ). 


SOCTETY 
ZEITSCHRIFTEN-LITERATUR, 
Leipzig, 1914, 

Berlin, 1913, 
AUTOTECHNIQUE EN QUATRE LANGUES, R. 
vols. 2. 3, 4. Leipzig, 1906-1908, 


DicTION NAIRE 
Schmidt. 

IENGINEERS’ CLUB OF Boston. 
Members, 191-4. 
ot Boston. 

GUIDE TO THE CURRENT PERIODICALS 
Unirep STATES AND CANADA, 
3, 1914. Ann Arbor, 1914, 


3v-laws, Officers and List o! 
Boston, 1914. Gitt of Engineers’ Club 


AND SERIALS OF 
By H. O. Severance. ed. 


New INTERNATIONAL ENCYCLOPAEDIA. ed. 2.) vols 1-2. Veu 
York, 1914. 

New York Times INpex. Jan.-Marceh, 1914. New York, 
1914. 

SPANISH-ENGLISH Dicrionary OF MINING TerRMs, F. Lucas. 


London, 1905. 
Dit TECHNIK DER VORZEIT, DER GESCHICHTLICHEN ZEIT UND 
DER NaturRVOLKE, F. M. Feldhaus. 
TECHNISCHES WoOrTERBUCH FUR WERKZEUGMASCHINEN UND 
MASCHINENWERKZEUGE, Chr. Elsner and Hugo Krieges- 
kotte. Berlin, 1910. 
THERMAL REACTIONS IN CARRBURETING Water Gas, W. F. 
Rittman. New York, 1914. Gift of author. 
Wuo’s 1x New York (City Anp Strate), 1914. 
York, 1914. 

Wisconsin) Ixpusrrian Comission. Proposed Building 
Code. Madison. Gift of commission. 

Das Zeu_uLoip, C. Piest, E. Stich and W. Vieweg. 
1913. 


Leipzig, 1914, 


Neu 


Hall, 


TRADE CATALOGUES 

Barcock & WiLcox Co., New York, N. Y. 
water tube marine boilers. ed. 2. 1914. 

KOEHRING MacutIne Co., Milwaukee, Wis. 
May, 1914. 

New York Arr Brake Co., New York, N. Y. 
apparatus, September 1913. 

SocrérE ANONYME DES Prevx ArMES FRANKIGNOUL. Liége, 
Belgium. Spécialité de Fondations en terrains com- 
pressibles aquiféres, de remblais ou miniers (Systéme 


\ 


Breveté), 125 pp. 


Forged steel 
Koehring mixer. 


Cat. air brake 
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OFFICERS 


AND COUNCIL 


President 


JAMES HARTNESS 


Vice-Presidents 


Terms expire 1914 
B. Karre 
Movu.rtrop 


H. G. Srorr 


Terms expire 1915 
Henry L. Gantt 
E. KELLER 
H. G. Reist 


Managers 


Terms expire 1914 
Cuas. J. Davipson 
Hienry Hess 
Geo. A. OrroK 


Terms expire 1915 
W. B. Jackson 
H. M. LELAND 


Terms expire 1916 
A. M. GREENE, JR. 
JouN HUNTER 
E.uiorr H. WairiocKk 


Past-Presidents 


Members of the Council for 1914 


Jesse M. 
M. L. 


Chairman of Finance Committee 


Rorert M. Dixon 


Honorary Secretary 


F. R. Hurron 


AN W. F. M. Goss 


D. MEIER 
ALex. C. HUMPHREYS 


Treasurer 


H. WI Ley 


Secretary 


Cavin W. RIce 


Executive Committee of the Council 


JaMeS HarTNESS, Chairman 
C. Humpnureys, Vice-Chairman E. 


STANDING 


Finance 


R. M. Dixon (4), Chairman; H. L. Douerty (1), W. L. 


Saunpers (2), W. D. Sarcentr (3), W. H. Marsuaus (5 


House 
H. R. (1). 
N. Dickinson 
(5) 


Chairman; S. D. 
(3), A. SCHEFFLER (4), J. W. Netsox 


Library 
L. Watpo (3), Chairman: W. M. 
Lien. Jn, The Secretary 


Meetings 


L. P. ALrorp (1), Chairman; H. E. Lonaweui (2), H. L 
Gantr (3), R. H. Fernatp (4), J. H. Barr (5) 


(2). W. 


McFaruanp (2), J. W. 


Note—Numbers in parentheses indicate number of years the member has yet to serve 


H. L. Ganrr D. Meter 
B. Karte H. G. Srorr 


COMMITTEES 


Membership 


THEODORE STEBRINS (1), Chairman; W. H. Boerum (2). 


H. C. Meyer, Jr. (3). L. R. Pomeroy (4). Hosea Wes 
STER (5) 

Publication 
Basrorp (1), I. E. 


Earut (2), Chairman; G. M. 
Movuttrrop (3), F. R. Low (4), Frep J. Mivuer (5) 
Public Relations 
Frep J. Minter (1), J. M. Donce (2), W. R. 
(3), G. M. (4), Morris L. Cooke (5) 


WARNER 


Research 


R. H. Rice (3), Chairman; A. L. De Leeuw (1), Roiua 
C. CARPENTER (2) R. D. MersHon (4) 


Constitution and By-Laws 


Jesse M. Suitu, Chairman; F. R. Hurrosx 
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SPECIAL COMMITTEES 


Code of Ethics 
C. W. Baker, Chairman; C. T. 
Spencer Mier, C. R. Richarps 


Main, E. D. 


Conservation 


G. F. Swan, Chairman; C. W. Baker, L. D. BURLINGAME, 
M. L. Houtman, Cavin W. RICE 


Conference Committee on Engineering Standards A. I. FE. E. 
H. G. Srorr, Chairman; A. F. GANz, CARL SCHWARTZ 


Bureau of Engineering Standards 
Henry Hess, Chairman; J. H. Barr, Cuartes Day, C. J. 
Davipson, CARL SCHWARTZ 


Fixtures and Fittings 
W. J. Batpwin, S. G. Fuaac, Jr, C. R. Hare, H. E. 
Harris, A. H. Moore, FE. S. Sanperson, G. B. THomas, 
W. R. WesstTer 


Flanges 
H. G. Srorr, Chairman; A. C. Asuron, A. R. BayLis, 
W. M. McFarianp, WM. SCHWANHAUSSER, J. P. SPARROW 


Increase of Membership 
I. E. Mouutrrop, Chairman; F. H. Cotvin, H. V. O. Coes, 
J. V. V. Cotweit, R. M. Dixon, W. R. Dunn, J. P. 
E. B. Karre, R. B. SuHertpan, H. StrucKMANN 


Increase of Membership. Chairmen of Sub-Comr~’.cees 

Atlanta, Park A. Dauuis; Boston. *.. WILLISTON; Buf- 
falo, W. H. Carrier; Chicagr ALBERT POPPENHUSEN 
Cincinnati, J. T. Faia; C’ veland, R. B. Suertpan; Michi- 
gan, H. W. ALDEN; stinnesota, Max Toutz; New York, 
J. A. Kinkeap; Phil tdelphia, T. C. McBrive; Rochester, 
Joun C. Parker; S*. Louis, Jonn Hunter; San Fran- 
cisco, Tuomas Morr ~; Seattle, R. M. Dyer; Troy, A. 
E. CLUett 


International Engineering Co gress 1915 
THe Presipent, Tue Secretary, W. F. Duranp, E. C. 
Jones, T. W. Ransom, R. WeymoutH 


National Museum 


E. D. Meter, Chairman; G. ¥. Kunz, Georce Mesta, H. G. 
Reist, AMBROSE SWASEY 


Changes in the Patent Laws of United States 


W. H. Biavve tt, C. C. THomas, Epwarp Weston, W. E. 
Wiwsuip, B. F. Woop 


Pipe Thread Gages 
E. D. Meter, Chairman; Grorce M. Bonn, A. M. Houser, 
J. C. Metoon, C. A. Otson, P. C. Patterson, H. G. Storr 


SUR-COMMITTEES OF THE 


Administration 
J. M. Dopce, Chairman; L. P. Aurorp, Secretary; D. M. 
Bates, JouN Cauper, H. A. Evans, JAMes Hartness, W. 
B. Tarpy, ALEXANDER TayLor, H. H. VauGguan 


Air Machinery 


F. W. O’NEIL, Chairman; H. V. Conrap, WILLIAM PRELL- 
witz, R. H. Rice 


Cement Manufacture 


J. G. Berequist, Chairman; H. J. Seaman, Vice-Chair- 
man; G. S. Brown, W. R. Dunn, F. W. Kettey, 


International Standard for Pipe Threads 
E. M. Herr, Chairman; W. J. Baupwin, G. M. Bono, 8. G. 
FiacG, Jr—L. V. Benet, Paris Representative 


Power Tests 


G. H. Barrus, Chairman; E. T. Apams, L. P. Brecken- 
RIDGE, D. S. Jacopus, Kent, E. F. MILugp, 
ArtHUR West, A. C. Woop 


Refrigeration 


D. S. Jacosus, Chairman; P. De C. Batt, E. F. Miter, 
A. P. G. T. VooRHEES 


Research Committee. Sub-Committee on Materials of Electrical En- 
gineering 


R. D. MersHon 


Research Committee. Sub-Committee on Safety Valves. 


P. G. Daruinc, Chairman; H. D. Gorvon, E. F. MILier, 
F. L. Pryor, F. M. Wuyrte 


Research Committee. Sub-Committee on Steam 


R. H. Rice, Chairman; C. J. Bacon, E. J. Bere, W. D. 
Ennis, L. 8S. Marks, J. F. M. Patirz 


Society History 


J. E. Sweet, Chairman; F. R. Huron, Secretary; H. H. 
SUPLEE 


Standard Cross-Section Symbols 
H. peB. Parsons, Chairman; F. peR. Furman, A. E. 
Norton, BrapLey STouGHTON, JOHN W. Upp 


Standardization of Filters 
G. W. Fuuuer, Chairman; J. C. Boyp, P. N. 
J.C. W. Gretu, WM. SCHWANHAUSSER 


ENGEL, 


Steam Boilers and Other Pressure Vessels and for Care of Same in Ser- 
vice. Committee to Formulate Standard Specifications for the Con- 
struction of 
J. A. STEVENS, Chairman; W. H. Boru, R. C. Carpen- 
TER, RicHarp Hammonp, C. L. Huston, E. D. Meter, 
EK. F. 


Student Branches 


F. R. Hurron, Chairman; GrorGe M. Britt, 
Kent, G. A. Orrok 


Tellers of Election 
J. P. Iustey, Chairman; R. T. Kent, R. J. 3. Picorr 


Tolerances in Screw Thread Fits 
L. D. BurLINGAME, Chairman; ELLWoop F. G. 
Copurn, F. H. Cotvin, A. A. FULLER, James Harrness, 
H. M. Letanp, W. R. Porter, F. O. F. 
WorTHINGTON 


COMMITTEE ON MEETINGS 


Morris Kinv, F. H. Lewis, W. H. Mason, R. K. Meape, 
Possett, H. Struckmann, A. C. Tacer, P. H. 
WILSON 


Depreciation and Obsolescence 


Avex. C. HumMpuHrReEys, Chairman; J. G. Beraguist, C. J. 
Davipson, A. E. Forstauu, F. W. Ketiey, H. Strruck- 
MANN 


Fire Protection 


J. R. Freeman, Chairman; E. V. Frencu, Vice-Chairman; 
F. M. Griswoip, H. F. J. Porter, T. 
W. Ransom, I. H. 


LVIII 


Be” 
| 
| 
‘ety 
Red 
They 
- 
57: 
rd 


ak 


SUB-COM MITTEES—Continued 


Hoisting and Conveying 
R. B. SuHerwan, Chairman; C. K. Batpwin, Auex. C. 
Brown, O. G. Daur, P. J. Fickincer, F. E. Huuert, Spren- 
cer Mivuier, A. L. Roserts, Harry Sawyer 

ndustrial Building 
F. A. Watpron, Chairman; H. A. Burnuam, CHARLES 
Day, WittiamM Datton, J. O. DeWotr, C. T. Main 

ron and Steel 
Jos. Morcan, Chairman; Tuos. Towne, Secretary; W. P. 
Barsa, F. F. Beat, Rogers Birnie, A. L. Cosy, 
JULIAN KENNEDY, M. T. Lorurop, W. E. Snyper, J. T. 
Watuis, R. M. Warr 

Machine Shop Practice 
L. D. BURLINGAME, Chairman; EF. P. BuLLARD, Jr., W. L. 
CLaRKE, F. H. Cotvin, A. L. DeELEEuw, W. H. Dieren- 


LOCAL MEETINGS 
Atlanta 
J. S. Coon, Chairman; Park A. DAtuis, Secretary; 
Georce Hitiyer, Ceci, P. Poote, F. Scorr 
Boston 
R. E. Curtis, Chairman; W. G. Sxow, Secretary; H. N. 
Dawes, C. H. Fisu, A. L. 
Buffalo 
W. H. Carrier, Chairman; C. H. Brernaum, C. A. Boornu, 
S. B. Daucuerry, Jas. W. GIBNEY 
Chicago 


Paut P. Birp, Chairman; C. W. Nayior, Secretary; C. 
R. Birpsey, W. B. Jackson, A. W. MOsELEY 


Cincinnati 
J. B. Svanwoop, Chairman; Fata, Secretary; W. G. 
Franz, G. W. 


Milwaukee 


E. P. Worpex, Chairman; Frev. H. Dorner, Secretary; 
M. A. Beck, H. V. Conrap, Henrik Grecer, L. P. C. 
Smith, Henry WEICKEL 


porP, F. L. Esernarpt, F. A. Errincron, A. A. Fur- 
Ler, H. D. Gorvon, H. K. Haruaway, E. J. Kearney, 
Wa. F. E. Rogers, N. E. Zusi 


Railroads 
k. B. Karre, Chairman; G. M. Basrorp, W. G. Besuer, 
F. H. A. H. Ente, C. E. Everera, W. F. 
Goss, A. L. Humpurrey, W. F. Jr. N. W. 
Storer, H. H. Vaucnan, R. V. Wricut 


Texti'es 
C. T. PLunkKett, Chairman; E. W. Tuomas, Secretary; D. 
M. Bates, Joun Eccues, E. D. France, E. F. Greene, F. 
W. C. R. Makepeace, C. H. Mannine, H. F. 
MANSFIELD 


OF THE SOCIETY 


Minnesota 
Max Chairman; C. L. Pituspury, Vice-Chairman; 
kK. J. Hernen, Secretary-Treasurer; Wu. H. 
Dory 

New Haven 
Kk. H. Lockwoop, Secretary; F. L. Bicetow, L. P. Breck- 
ENRIDGE, J. A. Norcross, H. B. SarGcent 

New York 
R. V. Wricut, Chairman; Epwarp VAN WINKLE, Treas- 
urer; H. R. Copieignu, Secretary; J. J. Swan, J. P. Nerr 

Philadelphia 
H. E. Enters, Chairman; W. R. Jones, Secretary; Gro. 
R. Henperson, Huco R. H. Fernaup, D. R. 
YARNALL 

San Francisco 
Rovert Sisptey, Chairman; THos. Morrin, Vice-Chair- 
man; C. T. Hurcninson, Secretary; E. C. Jones, C. R 
Wey MovuTH 

St. Louis 
F. E. Bauscu, Chairman; E. L. Ou.e, Seeretary ; H. Wave 
Hipparp, Joun Hunter, L. C. NorpMEYER 


SOCIETY REPRESENTATIVES 


Council of Amer. Assn. Adv. Science 
A. C. Humpnureys, W. B. Jackson 


Engineering Education 
A. C. Humpureys, F. W. Taytor 


John Fritz Medal 
J. A. BrRasHear (1), F. R. Herron (2), J. R. Freeman 
(3), AmMBRosE Swasey (4) 


General Conference Committee of National Engineering Societies 
C. W. Baker 


Trustees United Engineering Society 
Frep J. Miuuer (1), Jesse M. (2), Avex. C. 
(3) 


OFFICERS OF THE GAS POWER SECTION 


Chairman Secretary 
F. R. Hurron Gro. A. Orrok 


Gas Power Membership Committee 
A. F. Srituman, Chairman; H. V. O. Coes, J. H. 
LawreNcE, F. S. KincG, J. H. Norris, G. M. S. Tart, J. 
D. Suaw, H. W. Anperson, C. D. SmitH 


Gas Power Executive Committee 


C. H. Bensamin (1), W. H. Buavuvert (3), W. D. Ennis 
(5), H. J. K. Freyn (1), F. R. Low (2), I. E. Mouvtrop 


(4), H. H. (1) 


Gas Power Literature Committee 
R. B. BLroemeKke, Chairman; A. W. H. Griepe, W. F. 


MonaGcuan, W. S. Morrison, S. I. Oesterrercuer, H. G. 
WOLFE 


Gas Power Committee on Meetings 
Wa. T. Macruper, Chairman; W. H. Buavuvevt, E. D. 
Dreyrus, A. H. Gotptncuam, Nispet Larra, H. B. Mao- 
FARLAND 


OFFICERS OF AFFILIATED SOCIETY 


Providence Association of Mechanical Engineers 
W. H. Paine. President; Arruur H. ANNAN, Vice-President; J. ANseL Brooks, Secretary; A. H. Wuattey, Treasurer 


Note—Numbers in parentheses indicate number of years the member has yet to serve 
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OFFICERS OF THE STUDENT BRANCHES 


DATE 


INSTITUTION | AUTHORIZED CHAIRMAN 
BY COUNCIL 
Armour Inst. of Tech. Mar 9, 1909 G. I. Gebhardt F. L. Brewer, Jr. 


Carnegie Inst. of Tech. Oct 14, 1913 W. Trinks 
Case School of Applied Feb 14, 1913 F. 1. Vose 
Science 


Columbia Univ. tl. 


Nov 9, 1909 Chas. E. Lucke F. Allen 


Cornell Univ. Dee 4, 1908 R. C. Carpenter J. G. Miller 


Kansas State Agri. College Feb 13, 1914 A. A. Potter 
Lehigh Univ. 


V. Whiteside 
June 2, 1911 P. B. de Schweinitz A. V. Bodine 


Leland Stanford Jr. Univ. Mar 9, 1909 W. F. Durand J. A. Gibb 
Mass. Inst. of Tech. Nov 9, 1909 E. F. Miller F. G. Purinton 
New York Univ. Nov 9, 1909 C. E. Houghton 

Ohio State Univ. Jan 10, 1911 Wm. T. Magruder R. D. Rogers 
Penn. State College Nov 9, 1909 J. P. Jackson C. F. Kennedy 


Poly. Inst. of Brooklyn Mar 9, 1909 WW. D. Ennis M. Van Valken- 


burgh 


Purdue Univ. Mar 9, 1909 G. A. Young S. A. Peck 


Rensselaer Poly. Inst. Dee 9, 1910 A. M. Greene, Jr. FF. EB. MeMullen 
State Univ. of Iowa Apr 11, 1913 R. S. Wilbur L. A. White 
State Univ. of Kentucky Jan 10, 1911 F. P. Anderson H. G. Strong 
Stevens Inst. of Tech. Dee 4, 1908 Alex. C. Humphreys L, F, Bayer 
Syracuse Univ. Dee 3, 1911 W. E. Ninde G. T. Parsons 
Univ. of Arkansas Apr 12, 1910 B. N. Wilson M. McGill 
Univ. of California Feb 13, 1912 Joseph N. LeConte <A. 

Univ. of Cincinnati Nov 9, 1909 J. T. Faig J. Dollman 
Univ. of Colorado Apr 10, 1914 P. S. Rattle L. J. Brady 
Univ. of Illinois Nov 9, 1909 W. F. M. Goss Cc. R. Velzy 
Univ. of Kansas Mar 9, 1909 F. H. Sibley ‘L 

Univ. of Maine Feb 8, 1910 Arthur C. Jewett E, E. Fowler 
Univ. of Michigan Apr 10, 1914 John R. Allen [R. H. Mills 
Univ. of iasieets ‘May 12, 1913 J. J. Flather . Buenger 
Univ. of Missouri Dee 7, 1909 H. Wade Hibbard F. A. Heileman 
Univ. of Nebraska Dee 7, 1909 J. D. Hoffman M A. Luebs 
Univ. of Wisconsin Nov 9, 1909 H. J. Thorkelson 


} 


: A. Cook 
Mar 10, 1911 —. L. Ohle 


Washington Univ. 
Yale Univ. 


L. F. Harder 


Oct 11, 1910 1. P. Breckenridge 


CORRESPONDING SECRETARY 


J. A. Agee 
Armour Inst. of Tech., Chicago, 


J. B. Patterson W. M. Sheldon 


5137 Woodlawn Ave., Pittsburgh, Pa. 


H. C. Mummert J. B. Whitacre 


Case School of Applied Science, Cleve- 
land, O. 
A. S. Henry 
333 Central Park W., New York, N. Y. 
D. S. Wegg, Jr. 
| 16 E. Ontario St., Chicago, Hl. 


J. 1. Michaels 
P. O. Box 125, Manhattan, Kan. 
Hl. A. Brown 


Leligh Univ., South Bethlehem, Pa. 
L. Addleman 
219 Ramona St., Palo Alto, Cal. 


Hl. kK. Morse 
jox East Bridgewater, Mass. 
W. W. Watson 


153 W. Sth Ave., Columbus, 0. 
D. Hewitt 

112 Main Bldg., 
Samuel Kobre 

Poly. Inst. of Brooklyn, Brooklyn, N. Y. 
T. S. Tulien 

216 Fillmore St., Topeka, Kan. 
R. L. Manier 

90 Walnut St., Binghamton, N. Y. 
H. C. Doane 

Newton, la. 
R. T. Thornton 

R. R. 1, Lexington, Ky. 
C. H. Colvin 

ob N. Maple Ave., East Orange, N. J. 
W. J. Campbell 

303 Waverly Ave., Syracuse, N. Y. 
C. Bethel 

Univ. of Ark., Fayetteville, Ark. 


State College, Pa. 


C. Moorhead! L. MeLean 


| Univ. of Cal., Berkeley, Cal. 
A. J. Langhammer 
| 713 Crescent Ave., Covington, Ky. 
S. S. Cooke 
1290 Race St., Denver, Colo. 
kK. F. Gehrig 
Univ. of Illinois, Urbana, Ll. 


. C. Angevine H. L. Newby 


1501 Rhode Island St., Lawrence, Kan. 
A. B. Hayes 

S. A. E. House, Orono, Me. 
C. H. MeClellan 

928 Oakland Ave., Ann Arbor, Mich. 
J. L. Hartney 

1724 Fourth St., 8S. E., Minneapolis, Minn. 
F. H. Frauens 

212 E. 35th St., Kansas City, Mo. 
G. W. Nigh 

c/o G. W. Nigh, Sr., Havelock, Neb. 
R. E. Maurer 

c/o The Utah Gas & Coke Co., Salt Lake 


City, Utah. 


A.O.Sehleiffarth J, A. Watkins, Jr. 


| 5803 Michigan Ave., St. Louis, Mo. 
C. Corbett 
_ 288 Orehard St., New Haven, Conn. 
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SOCIETY AND 


PERSONAL NOTES 

Charles L. Pillsbury has recently been engaged in two ap- 
praisal undertakings with Prof. E. W. Bemis of Chicago, 
with whom Mr. Pillsbury worked on the Minneapolis gas 
appraisal, one of these at Washington, where Mr. Pillsbury 
is acting as chief engineer in charge of the appraisal of all 
public utilities of the District of Columbia, and the other mn 
Detroit, where the street railway properties are being 
appraised, 


J. RK. Bibbins of Chieago has been engaged by the law de- 
partment of the City of Pittsburgh in an advisory capacity 
in connection with proceedings for the improvement of loeal 
transportation conditions in that city. This work has the 
support of the city administration and through cooperative 
study of the various phases of the problem with the Rail 
ways Company an attempt will be made for an operative 
service standard, for scientifie re-routing in the terminal dis- 
trict, and for progressive rehabilitation of the property until 
adequate physical condition is reached. The matter will 
then be referred to the Publie Service Commission. 


Thomas H. Mirkil, Jr., has resigned as vice-president and 
general manager of the Poole Engineering & Machine Com- 
pany, Baltimore, and is now resident manager of the Tread- 
well Engineering Company of Easton, Pa., with an office at 
1011 Chestnut Street, Philadelphia. 


Chas. S. Mott, president of the Weston Mott Company, 
Flint, Mich., and ex-mayor of that city, was recently tend- 
ered a dinner in celebration of his return from a trip abroad, 
by men who had been intimately asseciated with Mr. Mott 
in the development of local indus* .al enterprises. The 
speakers called attention to Mr. Mott’s efforts in the direc 
tion of city betterment and his insistence upon the applica 
tion of business principles in municipal affairs. 


Ralph W. Deacon has been appointed superintendent otf 
the U. S. Metals Refining Company, Chrome, N. J. He was 
formerly associated with the British America Nickel Corpo- 
ration, Ltd., Nickelton, Canada, as metallurgical superin 
tendent. 


Wilham H. Smead has severed his relations with The 
Samuel Austin & Son Company, Cleveland, Ohio, as man 
ager of the heating and equipment department, and has 
opened an engineering office in Cleveland, Ohio, making a 
specialty of forced hot water heating systems and power 
house plants. 


David C. Fenner has become affiliated with the General 
Vehicle Company, Inc., New York. He was until recently 
in the employ of the International Motor Company, New 


York. 


Jay W. Skinkle, who has been associated with the West- 
ern Electrie Company, Chicago, LIL, for the past 15 years, 
during the last six of whieh he has been in charge of the 
manufacturing methods department, has been transferred to 
the European organization of the company and sails for 
London on August 1. Mr. Skinkle’s work will be on the 
manufacturing staff with headquarters at the company’s fae- 
tory at North Woolwich, London, and his duties will require 
frequent visits to the manufacturing plants of the Western 
Electrie Company, of which there are several in the prin- 
cipal cities of Europe. 


Walter N. Polakov, formerly consulting engineer with Day 
& Zimmermann of Philadelphia, Pa., is now associated with 
The New York, New Haven & Hartford Railroad Company, 
as superintendent of power. 


Frederick O. Ball has resigned as general manager of the 
American Engine and Electric Company of Bound Brook, 
N. J., and will engage in the manufacture and sale of ear- 
buretors with his father, Frank H. Ball, who retired from 
the engine business last year. The carburetor business will 
be conducted under the firm name of Ball & Ball, with head- 
quarters in Detroit, Mich. 


LIBRARY AFFAIRS LI 


Dwight O. Barrett has accepted the position of superin- 
tendent of the Charles City Engine Company, Charles City, 
la. Ile was formerly affiliated with the Heer Engine Com- 
pany, Portsmouth, la., in the same capacity. 


Gerald E. Terwilliger has terminated his association with 
Messrs. Davis, Donohue, Thompson & Deitz, and will eon- 
tinue the practice of patent trade-mark and copyright law 
at 50 Church St., New York, in association with Clitford FE. 
Dunn. 


Harry J. Klotz has resigned his position as assistant in 
mechanical engineering at Rensselaer Polytechnic Institute, 
Troy, N. Y., and has accepted a position in the operating 
engineering department of the Illinois Traction System, 


Peoria, Ill. 


William Fowden, recently superintendent of the U. S. 
Portland Cement Company, Concrete, Colo., las become con- 
nected with the Dewey Portland Cement Company, Dewey, 
Okla., in the same capacity. 


Allen V. Moyer has accepted the position of mechanical 
engineer with the George T. Ladd Company, Pittsburgh, Pa. 
He was formerly associated with the Heine Safety Boiler 
Company of Phoenixville, Pa, 


N. N. Williams has become a Junior Member of the firm of 
Ek. T. Archer & Company of Kansas City, Mo. He was until 
recently affiliated with the Harrisburg Light & Power Com- 
pany, Harrisburg, Pa., as mechanieal engineer. 


James U. Norris, formerly connected with the Rockefeller 
Institute for Medical Research, New York, as assistant man- 
ager, has accepted the position of superintendent of the New 
York Polyelinie Medical School and Hospital, New York. 


EMPLOYMENT BULLETIN 


Note: In sending applications stamps should be en- 
closed for forwarding. 


he Secretary considers it a special obligation and pleasant duty to 
ve the medium of securing positions for members, and is pleased to 
receive requests both for positions and for men. The published 
notices of “men available” are made up from members of the Soci- 
ety. Notices are not repeated except upon special reyguest. Names 
and records are kept on the office list three months, and if desired 
must be renewed at the end of such period. Copy for the Bulletin 
must be in hand before the 12th of the month. . 


POSITIONS AVAILABLE 


608 Engineer or draftsman with wide experience in the 
construction and design of steel cars for elevated and under- 
ground railroads, wanted for employment in ear factory in 
Germany; traveling expenses paid, and only slight knowl- 
edge of German language required. State salary expected. 


611 Salesman for Eastern States, for thermo-dynamic 
apparatus as full line of condensers, recooling apparatus, 
feed water heaters, air and oil coolers, air heaters, air filters 
and washers for generators. Location Boston. 


701 Young engineer, technical training with experience 
in devising methods of reducing costs in a machine shop 
building medium and heavy machinery. Knowledge of 
pumping machinery desirable, but not necessary. Must be 
tactful and have ability to exhaust the possibilities of cost 
reduction with present equipment before suggesting pur- 
chase of new. Apply by letter. 


703 Foreman, between 33 and 42 years of age, for ma- 
chine shop, employing normally about sixty men, and man- 
ufacturing heavy special machine tools for use in works, 
also manufactured products entering into the sales product. 
Salary will be fixed according to ability, experience and pos- 
sible competency for other position in the organization of 
the company. Apply by letter. State age, detail of school- 
ing and previous experience. 


704 Engineer salesman for Chicago territory, for thermo- 
dynamic apparatus, such as full line of condensers, recool- 
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ing apparatus, feed water heaters, oil and air coolers, air 
heaters, air filters and turbo-generators. 


705 Young man of analytic turn of mind and with gift 
of “ trading marbles” wanted in sales department for paper 
mill lines of middle west concern. Apply by letter. 


706 Cost man to have actual charge of time and as as- 
sistant to superintendent of concern in middle west, manu- 
facturing power pumps and paper mill machinery. Apply 
by letter. 


707 Man to take charge of designing and engineering 
work of railroad motor cars and some kindred lines. Would 
preter one who has had some experience in railroad work. 
Location Michigan. 


709 Representation wanted, notably in Philadelphia, 
Pittsburg, St. Louis, Kansas City and Omaha, by mechanical 
engineers who are established with their own oflices and will 
be able to take up the handling of the “ Productograph.” 


713 Graduate engineer to take responsible charge in the 
field of a modern steam shovel plant, consisting of shovels, 
locomotives, cars, ete., of company operating in anthracite 
coal region. Applicant must have some experience with 
steam shovels, familiarity with their mechanism and capa- 
bilities. Present salary $200 per month. 


MEN AVAILABLE 


H-800 Member, technical graduate, desires position as 
chiet draftsman, mechanical engineer, or designer of steam 
pumps, simplex or duplex; several years experience design- 
ing, testing and erecting. At present employed. 


H-801 Superintendent capable of handling large machine 
shops, foundries and manutacturing plants; wide experience 
on high grade work, good executive, has organized and com- 
pletely equipped large modern shops. 


H-802 Mechanical engineer, Junior, thoroughly familiar 
with machine tools and specialties, bridge, structural and 
pipe contract work desires commission agencies. Located on 
the Pacifie coast. 


H-803 Graduate mechanical engineer, two years outside 
experience of varied nature, desires position as instructor; 
prefers laboratory or steam power plant work. Can furnish 
best references. 


H-804 Technical graduate in mechanical and electrical 
engineering, six years shop experience and four years as 
traveling salesman, desires to represent a first class company 
in Philadelphia or vicinity as manufacturers’ agent. 


H-805 Member, technical graduate, age 35, wide experi- 
ence in design and application of steam and compressed air 
machinery, at present engaged in successful independent con- 
sulting practice, would consider regular employment with a 
view to permanent association with an aggressive and re- 
sponsible concern; would qualify as engineer in purchasing 
or plant departments of industrial or mining properties. 


H-806 Member, graduate M.E., over 25 years experience 
in his line, owing to slightly defective hearing, wishes to 
change to a field of work in which this will not be a hin- 
drance to efficiency and advancement, as research, experi- 
ment, testing, inventions, patents, designs, development work, 
examinations, investigations, reports, office or field, or with 
consulting engineer, company or corporation. 


H-807 Junior, wide experience in steam turbine power 
plants, electric railway and lighting properties, eliminating 
operating difficulties, reducing costs, securing new business 
in positions of chief and electrical engineer, desires position 
as salesman of electrical or steam equipment. Prefers posi- 
tion in Middle States or Middle West; no objection to 
traveling. 


H-808 Purdue University graduate, 03, who has for sev- 
eral years specialized on research and development work, de- 


sires position with firm requiring investigation of engines, 
machinery or materials of construction. 


H-809 Member, technical graduate, age 33, experienced 
as chief draftsman and as manager of engineering and draft- 
ing departments in manufacturing lines, desires position as 
mechanical engineer or assistant to superintendent or man- 
ager. 


H-810 Member, age 30, technical graduate in mechanical 
engineering, seven years practical experience in engine and 
heavy machinery design, desires position of responsibility 
with progressive concern or consulting engineers engaged in 
the manufacture of prime movers and heavy machinery, or 
designing, construction and operation of power plants. Sal- 
ary $200-$225. 


H-811 Member, M. I. T. graduate, age 40, eight years 
experience structural design and as superintendent, eleven 
years varied and valuable experience in mechanical design 
and manufacture, including four years in turbine design, 
specialty of stresses and smaller mechanisms, desires posi- 
tion where this experience ean be applied. At present, safety 
assistant for large corporation. New England location pre- 
ferred. 


H-812 Mechanical engineer, technical graduate, age 30, 
desires responsible position. Thorough knowledge of all 
types of pumps and pumping machinery, gasoline and oil 
engines, steam engines and sugar house machinery, also 
drawing room, erection room and engineering department 
experience in large pump manufacturing company; sugar 
plantation work in Mexico and sales engineer in Brazil. 


H-813 Member, technical graduate, age 33, ten years ex- 
perience in light metal manufacturing and foundry work; 
thoroughly familiar with modern and economie methods of 
shop management, seeks position as superintendent, prefer- 
ably with large company. Salary $5000. At present em- 
ployed. 


H-814 Junior, age 38, sales engineer, experienced in han- 
dling high-grade power transmission and mechanical special- 
ties, desires to represent manufacturer. Eastern or middle 
west preferred. 


H-815 Junior, age 23, graduate mechanical engineer of 
Columbia University, one year practical experience, desires 
position as assistant to manager or superintendent in indus- 
trial concern. Location immaterial. 


H-816 Junior, age 31, married, 12 years experience heat- 
ing and ventilating, estimating, drafting and machine design, 
five years residential engineer for well known company, 
executive ability, capable of taking entire charge of design 
and specifications for heating and power plants, purchasing 
of equipment and materials, desires position with reliable 
concern or consulting engineer with chances for advance- 
ment. At present employed. 


H-817 Mechanical engineer, technical graduate, 15 years 
shop and mill experience, desires important position as plant 
engineer, or would consider taking an interest with services 
in small manufacturing enterprise turning cut mechanical 
goods. 


H-818 Member, technical graduate, age 32, nine years 
experience in design and testing of steam turbines and cen- 
trifugal air compressors, including blast furnace compres- 
sors, desires a position where this experience will be of value; 
unusual experience in turbine research work, during last 
three years has determined the leading dimensions and tested 
a complete line of turbines 100 to 2500 kw. capacity. 


H-319 Mechanical engineer, ten years experience with re- 
sponsible firms in hoisting and conveying machinery, cement 
plants, general manufacturing and maintenance, office, shop 
and field. 


H-820 Cornell graduate, 28, married, seven years expe- 
rience as machinist, tool maker and master mechanic, desires 
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position teaching experimental engineering, mechanics or 
physics in or near New York. At present employed. 


H-821 Member, mechanical engineer, age 38, married, 14 
yeats experience in design, construction and operation, 
Wishes position with cement manufacturing company with 
chanees of advancement; recently superintendent of a large 
plant; salary moderate. 


Member, graduate M. E., 15 years experience, 
seven years in connection with manufacture and sale of me 
dium and heavy weight machinery as responsible executive 
assistant to high oflicials; duties have included pushing out 
products, systematization, analysis of costs, short cut esti- 
mates, general oflice management and sales; interested in 
sumilar position or one connected with manufacturing or 
sales department exclusively. 


1-823) Member, wide experience in shop and office, five 
years confidential aid to consulting engineer, having general 
charge of drafting room and design of railway and lighting 
power plants, special apparatus, ete., handling reports, spec 
ifications and correspondence, wants responsible position as 
engineer with operating company, manufacturing concern or 
consulting engineer. 


H-824 Junior, age 27, technical graduate, tive years ex 
perience in automobile factory building high priced ears, de- 
sires position as assistant superintendent or manager. 

H-825 Member, managing sales engineer, open tor con- 
tract, has handled successfully well known aceounts accept- 
ing all responsibility of the entire office; diplomatie and pro- 
gressive, broad acquaintance in the manufacturing, engineer- 
mg and contracting field. Location New York and East. 


11-826 Member, graduate M. I. T. in mechanical engi- 
neering, post graduate course in electrical engineering, wide 
experience in design and construction of machinery and 
buildings, manufacturing, systematizing and accounting, de- 


sires permanent position in New York. 


H-827 Member, age 40, 18 years engineering experience, 
six years of which have been buying and inspecting maechin- 
ery and supplies, desires position as purchasing agent: have 
been buying at lowest prices for resale to largest consumers 
and ean reduce costs. 


H-828 Member, mechanical engineer, desires responsible 
position; 14 years experience in power plant work, heating. 
ventilating, mill engineering and factory; executive ability; 
hest references. 


H-829 Junior, age 27, graduate mechanical engineer. de- 
sires position with engineering firm or in industrial plant; 
four years experience in general plant work in design and 
construction of machinery and buildings; one year with 
boiler concern, also shop and testing experience. At pres- 
ent employed, 


H-830 Student Member, 1914 M. E., graduate of middle 
West university, experience on practically every type of farm 
machinery, wishes position as apprentice or shop workman 


in factory that specializes in improved farm machinery. 


H-831 Member, age 33, 11 years general experience in 
design and construction of mill buildings, furnaces, boiler, 
machinery and mechanical equipment of power plants, strue- 
tures for conveying, elevating and storing coal, ores and 
other materials. Has acted as chief draftsman, superin- 
tendent of construction, mechanical engineering and manu- 
facturing plants. Position desired along these lines; location 
immaterial but prefer middle West. 


ACCESSIONS TO THE LIBRARY 


Comments sy THe 
_This list includes only accessions to the library of this Society. 
Lists of accessions to the libraries of the A. I. E. E. and A. I. M. E. 
a Secured on request from Calvin W. Rice, Secretary Am. Soc. 


ABHANDLUNGEN UND BERICHTE User TECHNISCHES ScHUL- 
WESEN. Vol. 5. <Arbeiten auf dem Gebiete des Tech- 
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nischen Nochschulwesens. Berlin, 1914. Gift of Verein 
deutscher Ingenieure. 

Acut VorLesuNGEN User THEORETISCHE PHysIK GEHALTEN 
AN DER COLUMBIA UNIVERSITY IN THE Crry or NEw 
York IN 1909, Max Planck. Leipzig, 1910. 

American Association or DemurracGe Orricers. Proeeed- 
ings of the 25th annual convention, 1914. St. Louis, 
1914. Gilt of Association. 

AMERICAN MANUFACTURERS Export ASSOCIATION. Proceed 
ings of 4th annual convention, 1913. New York, 1913. 
Gift of Association. 

American Rattway Association. Proceedings of session 
held in New York City, May 20, 1914. Gift of Asso- 
Clation. 

AMERICAN Rattway ENGINEERING ASSOCIATION. Manual, 
1911. Ch cago, 1911, 

AMERICAN Society OF Swepisu EncGrneers. List of Mem- 
bers May 15,1914. Brooklyn, 1914. Gift of Society. 

American Water Works Association. Proceedings of the 
33d annual convention, 1913. Troy, 1913. Gift of As- 
sociation. 

ATLANTIC Deeper Waterways Association. 6th annual 
convention, 1913, Philadelphia, 1913. Gift of Asso- 
elation. 

AUTOMATIC SPRINKLER Protection, Gorham Dana. Boston, 
1914. 

30STON Water Sewerace Boarp. 13th 
annual report. Boston, 1914. Gift of the board. 

Brinces or New York Ciry, R. K. Thomson. Reprinted 
from Engineering Magazine, September-October, 1909. 
Gift of author. 

COMPUTATIONS FOR Marine Enornes, C. H. Peabody. New 
York, 1913. 

DrsiGN Construction or Or Enoines, with an ap- 
pendix on marine oil engines, A. H. Goldingham. ed. 
4. New York, 1914. 

DirseLMororen. <A. Riedler. Vienna, 1914. 

Tue Evasticiry anp Expurance or Steam Pires. 
Stromeyer, London, 1914, Gift of Master Steam Users’ 
Association. 

ELectric TourtNe, presenting a number of electric automo- 
bile tours in New York, New Jersey and Connecticut. 
New York Electric Vehicle Association. Gift of As- 
sociation. 

ENGINEERS HANDBOOK OF TABLES, CHARTS AND DATA ON THE 
APPLICATION OF CENTRIFUGAL FANS AND FAN SYSTEM 
AND MOTORS, AIR WASHERS, HOT BLAST HEATERS AND 
SYSTEMS OF AIR DISTRIBUTION. Published by Buffalo 
Forge Company. Buffalo, 1914. 

ENTWERFEN UND BereCcuNEN von Hetzunas LUFTUNG- 
SANLAGEN, Otto Wieprecht. ed. 4. Halle a S., 1910. 

ERECTING AND OPERATING: An educational treatise for con- 
structing engineers, machinists, millwrights and master 
builders, William Rogers. New York, 1913, 

ERGEBNISS DER BERATUNGEN DeutscHEeNn AUSSCHUSSES 
FUR TrECHNISCHES ScHULWESEN Hocnsecry Le 
FRAGEN. Berlin, 1914. Gift of Verein deutscher In- 
genieure. 

Fitting anp Erecting or Enaines, C. L. Browne. Man- 
chester, 1914. 

FouNDATIONS Or Brinces anp Buriprnas, 8. Jacoby and 
R. P. Davis. New York, 1914. 

GESCHICHTE DER DRANTSEILSCHWEBEBAHNEN, Franz M. 
Feldhaus. Berlin, 1911. 

HANDBUCH DER INGENIEURWISSENSCHAPTEN, pts. 3,5. Leip- 
zig, 1914. 

Heat, E. M. Shealy. New York, 1914, 

MacuInery ror THe HANDLING or Mareriats, T 
K. Thomson. Reprinted from Engineering Magazine. 
Gift of author. ‘ 
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Hypravtic Tasies, G. S. Williams and Allen Hazen. ed. 2. 
New York, 1911. 

Society OF ENGINEERS AND Surveyors. ‘T'wenty- 
ninth annual report, 1914. Wheaton, 1914. Gift of 
the society. 


Inuinois Water Suppty Association. Proceedings of 6th 
meeting, 1914. Urbana, 1914. 

INSULATED RETURN FEEDER SysTEM FOR MITIGATING ELEC- 
TROLYSIS INSTALLED BY THE Unirep Ratuways Com- 
PANY OF Sr. Louis, Mo., In THE ANN AVENUE SUBSTA- 
TION District, Report on. May, 1914. Gift of S. S. 
Wyer. 

INTERNATIONAL (15th) ConGRESS ON HyGIENE AND Dem- 
OGRAPHY. Washington, Sept. 23-28, 1912. Transae- 
tions. vol. 1, pt. 1-2; vol. 5, pts. 1-2; vol. 6. Washing- 
ton, 1913. 

KONDENSWASSER-ABLEITER, DeEUTSCHE-ENGLISCHE, AMERI- 
KANISCHE. PRAKTISCHE RATSCHLAGE FUR DAMPFKES- 
SELBESITZER, Robert Wagner. Leipzig, 1911. 

Lectures DELIVERED AT THE JOHNS Hopkins UNIVERSITY 
In May, 1914, L. G. MePherson. Baltimore, 1914. 

Dir MASCHINEN-ELEMENTE IHRE BERECHNUNG UND KON- 
STRUKTION, C. Bach. ed. 11, bd. I. Leipzig, 1913. 
Mopern PacktnG House, F. W. Wilder. Chicago, 1905. 

Gift of Hunt Memorial Fund. 

MUNCHEN-TECHNISCHEN Hocuscuute. BericutT UBER DAS 
STUDIENJAHR, 1912-1913. Munich, 1914. Gift of Tech- 
nischen Hochschule. . 

——— Program 1913-1914. Munich, 1914. Gift of Teeh- 
nischen Hochschule. 

New Or.LEANS SEWERAGE AND WATER Boarp. Semi-annual 
report 28th, 1913. New Orleans, 1913. Gift of the 
board. 

New York METROPOLITAN SEWERAGE ComMIssION. Report, 
1914. New York, 1914. Gift to the commission. 

Oi. Fue. ror Steam Borers, R. T. Strohm. New York, 
1914. 

Poor’s Manvuat or Pusiic Utinities, 1914. New York, 
1914. 

Power anp Power TRANSMISSION, E. W. Kerr. ed. 3. New 
York, 1914, 

Practica, Parrern MakinG, F. W. Barrows. ed. 2. New 
York, 1914. 

ScHUBSTANGEN UND KreuzkKOpre, H. Frey. Berlin, 1913. 

Screntiric DETERMINATION OF THE Merits OF AUTOMO- 
A. Riedler. London. 


LIBRARY AFFAIRS 


“THe SHIPBUILDER” ANNUAL INTERNATIONAL NUMBER, 


1914. Newcastle-upon-Tyne, 1914. Gift of Shipbuilder. 

Surpe-Ruute Nores, H. C. Dunlop and C. 8. Jackson. Lon- 
don, 1913. 

Society FOR THE PROMOTION OF ENGINEERING EpuCcATION. 
Proceedings of 2lst annual meeting. vol. 21. Ithaca, 
1914, Gitt of Society. 

SPINNEREI UND WeseREI, Georg Lindner. Karlsruhe. 

STRENGTH OF Marertaus, H. E. Murdock. New York, /!/1. 

TECHNICAL THERMODYNAMICS, Gustav Zeuner, translation by 
J. F. Klein. vols. 1-2. ed. 2. New York, 1908. 


TRADE CATALOGUES 


Arroturust ENGINE Co., Chicago, Ill. The Aerothrust for 
the mechanical propulsion of rowboats, canoes and small 
sailing craft. The Aerothrust for the mechanical pro- 
pulsion of bieyeles, ice craft, wind wagons, ete. 

BacuaracH, Herman, Pittsburgh, Pa. Catalog B. Hydro 
volume and pressure recorders. 

ConsoLipaTeD Expanvep Mera. Co., Pittsburgh, Pa. Steel- 
crete guards, 34 pp. Universal slab computer. 

GARRETT, Ricuarp, & Sons, Leiston, England. The “ Gar- 
rett ”’ superheated steam semi-stationary engine. 

JOHNS-MANVILLE, H. W., Co., Cleveland, Ohio. J-M Root- 
ing salesman, May 1914. 

LinK BELT Co., Philadelphia, Pa, Book no. 190. Wagon 
and truck loaders, 1914. 

NortH Western Expanpep Co., Chicago, Ill. Ex- 
panded metal construction, June 1914. 

Otis Co., Vew York, N. Y.  Esealators, 35 pp.; 
hand power elevators, 28 pp.; incline railways, 27 pp.; 
Inclined elevators, 32 pp.: residence elevators; traction 
elevators, 23 pp.; gravity spiral conveyors. Deseription 
of following: Ceiling machine with motor direct con- 
nected; double belt ceiling type machine; double screw 
alternating current machine with full magnet controller; 
electric sidewalk hoist with hand rope control; hydraulic 
plunger sidewalk hoist; plunger passenger elevator level 
control; single screw direct current electric elevator 
switch control; standard hydraulic elevator vertical 
cylinder geared type; traction elevator overhead type 
direct current switch control; duplex geared traction 
elevator overhead type switch control; single geared 
traction elevator overhead type switch control. 

Paciric FiusH-Tank Co., Chicago, Ill. Miller appliances, 
designed for sewage disposal. Catalog no. 15, auto- 
matie air-lock apparatus for flushing sewers and han- 
dling sewage. Watertight sewer joint compounds. 


THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


ABRIDGED LIST OF OFFICERS AND COMMITTEE CHAIRMEN? 


JAMES HarTNESS, President 


R. M. Dixon, Finance Committee 

H. R. House Committee 

Wa.po, Library Committee 

L. P. ALForD, Committee on Meetings 

THEO. STEBBINS, Committee on Membership 
C. I. Earuu, Publication Committee 

Frep J. Miuuer, Publie Relations Committee 
R. H. Rice, Research Committee 


Jesse M. SmiruH, Committee on Constitution and By-Laws 


1A complete list of the officers and committees of the Society will be found in 
the Year Book for 1914, and in the January and July 1914 issues of The 


Journal. 


Catvin W. Rice, Secretary 


LOCAL MEETINGS 
Atlanta: J. S. Coon 
Boston: R. E. Curtis 
Buffalo: W. H. Carrier 
Chicago: Paul P. Bird 
Cincinnati: J. B. Stanwood 
Milwaukee: E. P. Worden 
Minnesota: Max Toltz 
New Haven: H. B. Sargent 
New York: R. V. Wright 
Philadelphia: H. E. Ehlers 
San Francisco: Robert Sibley 
St. Louis: F. E. Bausch 


~ 
> 
iS. 
=) 
J 4 j 
f 
ans. 
agar 
4 
fik 


SOCIETY AND LIBRARY AFFAIRS LI 


PERSONAL NOTES 


John W. Nickerson has accepted a position with the 
Cheney Brothers Silk Mills, in South Manchester, Conn., 
as industrial engineer, having recently resigned from a sim- 
ilar position with the Sayles Bleacheries, Saylesville, R. 1. 


S. Warren Potts has resigned as mechanical engineer of 
the kK. W. Bliss Company, Brooklyn, to accept a similar 
position with R. Hoe & Company, New York. 


Lucius L. Moses has opened an office as consulting engi- 
neer in Seattle, Wash. 


Frederick L. Farrell has resigned from the B. F. Sturte 
vant Company, New York, to enter the employ of the Green 
Fuel Economizer Company, also of New York. 


Victor E. Sehmiedeknecht, designer for the Aurora Au- 
tomatic Machinery Company of Chicago, has accepted a sim- 
ilar position with the Pneumatie Jack Company, Louisville, 


Ky. 


Henry Martin Leland has become president and advisory 
manager of the Cadillac Motor Car Company, Detroit, Mich. 


Forrest E. Cardullo, professor of mechanical engineering 
at New Hampshire College, Durham, N. H., has resigned to 
take a position in the University of Texas, Austin, Tex. 


Henry E. Longwell, formerly consulting engineer for the 
Westinghouse Machine Company, is now general manager 
of the Westinghouse Air Spring Company, New Haven, 
Conn. 


Ferdinand Jehle, formerly associated with the Commercial 
Engineering Laboratories, Detroit, Mich., has been appointed 
laboratory engineer for the Automobile Club of America, 
New York City. 


Samuel S. Webber, recently resigned as chief engineer of 
the Trenton Works of the American Steel & Wire Company, 
Trenton, N. J., after 25 years of service. 


R. E. Chandler, dean of engineering of the Oklahoma 
Agricultural and Mechanical College, has resigned to become 
head of the mechanical engineering department of the New 
Hampshire College, Durham, N. H. 


R. H. Danforth, for the past six years with the United 
States Naval Experiment Station and the post graduate 
department of engineering of the United States Naval 
Academy, Annapolis, has been appointed professor of hy- 
draulies and mechanics at the Case School of Applied Sci- 
ence, Cleveland, Ohio. 


W. C. Rowse, who has been experimental engineer with 
the Cutler-Hammer Manufacturing Co., New York, since 
April 1913, has been appointed professor of mechanical en- 
gineering at the University of Manitoba, Winnipeg, Mani- 
toba, Canada, and will take up his new duties September 1. 


Frederick B. Garrahan has severed his connections with 
the International Nickel Co., Bayonne, N. J., to accept the 
position of superintendent in charge of steam shovel work 
of J. N. Bastress & Co., Fern Glen, Pa. 


EMPLOYMENT BULLETIN 


Note: In sending applications stamps should be en- 
closed for forwarding. 

The Secretary considers it a special obligation and pleasant duty to 
be the medium of securing positions for members, and is pleased to 
receive requests both for positions and for men. The published 
notices of *“‘men available’ are made up from members of the Soci- 
ety. Notices are not repeated except upon special request. Names 
and records are kept on the office list three months, and if desired 
must be renewed at the end of such period. Copy for the Bulletin 
must be in hand before the 12th of the month. 


POSITIONS AVAILABLE 


715 Small factory in Massachusetts building box ma- 
chinery and saw mills, desires superintendent. Man famil- 
lar with modern machine shop and foundry practice; 32 men 
employed. 


721 Technical graduate, with some experience as ma- 


chinist and in erecting and installing machinery; headquar- 
ters Chicago. Salary about $100 per month. 


801 Lecturers in general mechanical engineering subjects 
for the coming season; Canadian University; approximate 
salaries $1250 to $1500. 


802 Assistant engineer for small concern in Eastern 
Pennsylvania, to have charge of handling of orders, estimat- 
ing, assist chief draftsman in interpreting orders and cor- 
respondence, handling of all correspondence in connection 
with orders, sales records, and possibly occasional selling. 
Apply by letter. 


5v4 Young engineer with several years experience, 
wanted for condenser department of Philadelphia concern, 
to lay out condenser plants and make necessary estimates 
and calculations. Graduate of the mechanical engineering 
department of the University of Pennsylvania preferred. 
Apply by letter. 


805 Young engineer, recent graduate or with possibly a 
year’s experience; work will consist of boiler tests, gas analy- 
ses, sampling of coal and ash, and possibly some steam en- 
gine indicator work and miscellaneous testing. Salary sixty 
dollars a month. 


MEN AVAILABLE 


I-00 Student member, eight years experience mechanical 
drafting room, one year civil engineering, steel works, and 
two and one-half years superintendent in small shops, desires 
position as assistant superintendent in large shop or super- 
intendent in small shop. 


1-901 Graduate mechanical engineer, age 30, married, at 
present holding responsible executive position, plant mana- 
ger, with small manufacturing concern, desires a similar po- 
sition or one as assistant to superintendent or manager with 
company with good chance for advancement. Six and one- 
half years varied engineering experience. Specialty, pressed 
steel both light and heavy. 


1-902 Associate-Member, age 29, experience in design 
and development of marine motors and gas tractors, boat 
building, reconstruction of automobiles and trucks; technical 
correspondent and systematizer; experimenting and investi- 
gating work. Inventive ability along practical lines. Posi- 
tion desired as designing or experimenting engineer or exeeu- 
tive. Can make a good proposition to capitalist to develop 
marine oil engine for specialized field. 


1-903 Member, technical graduate, experienced in execu- 
tive work of large corporations, also wide training in the re- 
quirements of a corporation or consulting engineer for work 
such as design of power plants and machinery, their con- 
struction, maintenance and operation, purchasing and exeeu- 
tive charge of engineering work. Desires a position as works 
manager or superintendent. 


1-904 Graduate mechanical engineer, age 28, married, 
seven years experience as machinist, toolmaker and master 
mechanic. Desires position in testing work, design or teae's- 
ing. 


1-905 Member, age 30, mechanical engineer, 14 years ex- 
perience as draftsman, checker, designer and manager, last 
employed as American representative for large English en- 
gineering firm taking entire charge of sales, advertising, de- 
veloping new ideas, and general office work. Has traveled 
all over United States. Desires similar position. Can fur- 
nish best references. Location New York. 


1-906 Member with education and experience as marine 
engineer desires to communicate with any persons intending 
to fit out sea-going ships under the American flag in the 
present European crisis. Is profitably employed and is will- 
ing to consider only a more profitable connection. 


1-907 Junior, graduate mechanical engineer, two years 
experience in power plant engineering and two years indus- 
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trial engineering, systematizing and managing large plant, 
desires position with engineering firm or in industrial plant. 


1-908 Junior member, M. E. Purdue University, age 26, 
careful, painstaking, progressive, executive ability, three 
years experience in machine and power plant design, at pres- 
ent and for past year in charge of erection and equipment 
ot factory buildings. Desires to locate permanently with re- 
liable concern as assistant to mechanical engineer or works 
manager. Best references. 


1-909 Junior member, graduate mechanical engineer. age 
27, three years drafting and general engineering experience, 
desires position with engineering or construction company. 
Salary $100 per month. Location immaterial. 


1-910 Member, mechanic, designer, organizer and execu- 
tive, good ability, practical experience, interested in devising 
methods for reduction of manufacturing costs, desires posi- 
tion along these lines with progressive company, or would 
join smaller company in position requiring all-round experi- 
ence. 


1-911 Member, mechanical engineer, twenty years ex- 
perience in power plants, heating, ventilating, plumbing, ma- 
chine tools, refrigerating machines, gas and oil engines and 
general engineering work, inventive and executive ability, 
English, French and German correspondent, desires position 
with consulting engineers. Salary $3000. Location New 
York or vicinity. 


1-912 Junior, M. E., age 24, experienced in design high 
grade stationary machinery, engines, hoists, compressors, 
blowers, pumps and condensers, desires position where this 
experience will be of value. At present employed but de- 
sires to locate in New York or vicinity. 


1-913 Member, age 32, 12 years experience, desires posi- 
tion as executive or mechanical engineer. Can take full charge 
of engineering department with concern that wants results 
and where there is opportunity to advance. Salary $2700- 
3600. At present employed. 


1-914 Student member, age 25, experience in gas engine 
work as tester, experimental, and assistant engineer with one 
of the oldest and largest concerns in the country, desires 
position with gas engine manufacturing company, preferably 
small, along these lines. 


1-915 Sales engineer, technical graduate, ten years ex- 
perience in suecessful plant operation and management, de- 
sires position in steam, hydraulic and mill equipment. Sal- 
ary and commission. At present employed. 


1-916 Junior, technical graduate, age 25, married, five 
years experience in shop and office on light machinery and 
electrical specialties, desires executive position. Salary see- 
ondary consideration if opportunity for advancement is good. 


[1-917 Member, mechanical engineer, graduate of leading 
technical school, five years’ experience in machine shop as 
machine designer; twelve years experience as patent attor- 
ney, has been admitted to Bar. Desires position of respon- 
sibility in patent law department of manufacturing company. 
Some inventive ability. 


1-918 Junior, age 38, broad experience in handling high 
grade mechanical specialties and acquaintance in manufac- 
turing and engineering fields, desires to represent manufae- 
turer in East or Middle West. 


1-919 Junior, age 27, graduate mechanical engineer, four 
years experience in general plant work, including drafting 
room and shop, desires position with chance for advancement. 
At present employed. 

1-920 Mechanical engineer, ten years experience drafting 
and machine design, last four years experimental work, de- 
sires position along these lines, or as chief engineer, assistant 
to superintendent or outside man. 


1-921 Mechanical engineer, age 30, experienced in pumps 


AND LIBRARY AFFAIRS 


and pumping machinery, gasolene, oil and steam engines, 
sugar house machinery, drawing and erection room, also 
sales experience, desires responsible position. 


1-922 Member with exceptional mechanical and electrical 
technical training, five years experience in research work 
on steam turbines and centrifugal air compressors, tive years 
chief engineer complete charge of designing, manutacturing, 
testing and installing vacuum cleaner systems, including de- 
velopment of portable and stationary vacuum cleaning ma- 
chines, desires position where bis experience and training 
can be applied. Development engineering preferred. 

)7 


1-923 Junior, age 27, technical graduate, nine years ex- 
perience in drafting and design of steam power and indus- 
trial plants, heating and ventilating systems, also testing, 
desires position with broader outlook as mechanical engineer 
or assistant to superintendent of industrial firm. At present 
employed. East or Middle West preferred. 


1-924 Stevens graduate, age 23, past thirteen months with 
large steel company, desires position with industrial engi- 
neers or as assistant to manager of an industrial concern. 


1-925 Member, Cornell graduate, two years post graduate 
study in Germany, age 39, four years experience as in- 
structor and ten years as designer of steam engines and 
steam turbines, desires position as assistant protessor of 
mechanical engineering. 


1-926 Member, technical graduate, age 35, with shop, de- 
sign, sales and management experience, wide acquaintance 
with manufacturers in New England and having an estab- 
lished office in one of the leading manufacturing cities in 
Connecticut, desires to act as manufacturers’ agent for re- 
sponsible companies. 


1-927 Graduate University of Cincinnati, age 24, four 
years experience as machinist, foundry experience, and one 
year’s experience in power plan construction aud design, 
would consider position with good chance for advancement, 
or as instructor in engineering or technical school. 


1-928 Junior, age 32, technical graduate, post graduate 
course with large electric works, twelve vears experience in 
design, construction and operation of power houses and sub- 
stations, experienced in high voltage design and construction. 
Best references as to character and ability. Salary #200. 
Location New York. 


1-929 Technical graduate, age 33, ten vears experience in 
light metal manufacturing and foundry work: thoroughly 
familiar with modern and economie methods of shop man- 
agement, seeks position as superintendent, preferably with 
large company. At present employed. 


1-930 Mechanical engineer, ten vears wide and varied ex- 
perience in the lines of heavy and special machinery, also 
general manufacturing and maintenance work. Designing, 
testing and demonstration experience. 


[-931 M. I. T. graduate in mechanical engineering, post 
graduate course in electrical engineering, twenty vears ex- 
perience in design and construction of machinery and build- 
ings, manufacturing, systematizing and aecounting, desires 
permanent position. 


1-932 Mechanical engineer, fifteen years experience shop 
work, road work, power plant operation, design and testing, 
special, and automatic machinery, also heating, desires posi- 
tion in the East. 


1-933 Factory superintendent or foreman, conversant 
with modern shop practice, executive and mechanical ability: 
twelve years practical experience production efficiency, 
maintenance and operation of industrial plants and equip- 
ment and systematizing of shops. Location immaterial. 


1-934 Student member, M. E. 1911, desires position in 
shop of manufacturing concern with view to entering sales 
department. 
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1-935 Associate-Member thoroughly familiar with large 
compound condensing and non-condensing Corliss engines, 
also steam engine indicator practice, desires position as con- 
struction or operating engineer. 


1-936 Electrical and mechanical engineer, 358, first-class 
executive, who has headed large organizations, both in con- 
structional and manufacturing work, charge of important 
government work. Experienced in sales organization, ag- 
gressive and a good developer. Desires position with manu- 
facturing or construction company. Apply through the 
Society. 


1-937 Cornell graduate, mechanical and electrical engi- 
neer with fourteen years broad experience in the design, 
erection, operation and appraisal of public service and in- 
dustrial properties, factory operation and maintenance; and 
sales engineering. Desires a permanent position with con- 
sulting engineers or manufacturing company in or near New 
York City. Appraisal engineering preferred. 


1-938 Student Member, age 23, graduate of Middle West 
University, 1914 M. E., experience as machinist, mechanical 
drattsman and rate setter, desires position as assistant to 
superintendent or to manager of some industrial concern. 
Location immaterial. 


1-939 Member, for the past 13 years connected in various 
capacities with the operation, extension and improvement of 
steam power plant systems and with successful reeord, de- 
sires to connect, preferably with an industrial concern wish- 
ing to employ a high grade engineer capable of operating 
@ similar plant or chain of plants to best advantage and ana- 
lvtically treating economical development. Age 35. Mar- 
ried. At present employed. 


1-040 Managing sales engineer, open for contract to 
build up business with New York as headquarters. Has spe- 
clalized in power plant equipment, contractors and convey- 
ing machinery. Practical shop and field experience; diplo- 
inatic and progressive. 


[-941 Member, technical graduate, several years experi- 
ence designing, testing and erecting, desires position as chiet 
draftsman, mechanical engineer or designer of steam pumps, 
simplex or duplex. At present emploved. 


I-42 Member, age 43, married. Three years at Mass. 
Inst. Tech., thoroughly experienced in railway car designing 
and building. All positions from draftsman to proprietor. 
Thorough knowledge of export business, 3 years in South 
America as salesman. Best references. 


1-943 Member, technical graduate; 37 years of age; 15 
sears experience in teaching Manual Arts subjects, drawing 
and machine design, kinematies of machinery, building con- 
struction, steel and conerete construction, steam and other 
eigineering subjects, desires to correspond with progressive 
concerns contemplating the engagement of a sales engineer. 
Exceptionally well-fitted both in training and personality 
‘or such a position. Location, preferably Eastern States. 


1-944 Member, technieal graduate, twelve years experi- 
ence design and installation of power plants, heating and 
entilating systems and shop equipments. 


1-945 Junior, teehnieal graduate with experience in 
shops, drafting room, test plant, engineering and erection 
departments of large manutacturing concern, desires posi- 
hon with engineering or manufacturing concern. 


1-946) South American Markets. Mechanieal and elec- 
trical engineer, nine years with large corporation, broad en- 
eineering and responsible executive experience, ean arrange 
'o go to South America with South American gentleman 
speaking Spanish fluently and familiar with business and 
social customs of those countries, for the purpose of investi- 
eating South American markets. Exceptional opportunity 
for American manufacturers. 


ACCESSIONS TO THE LIBRARY 
Wirt COMMENTS BY THE LIBRARIAN 


This list includes only accessions to the library of this Society. 

Lists of accessions to the libraries of the A. I. E. E. and A. I. M. E. 

=e be secured on request from Calvin W. Rice, Secretary of Am. Soc. 

M. E. 

Air Brake Association. Proceedings of the 21st Annual 
Convention, 1914. Boston, 1914. Gitt of the associa- 
tion. 


AQUITANIA, THE CUNARD QuADRUPLE-Screw ATLANTIC LINER. 
Souvenir number of The Shipbuilder. Newcastle-upon- 
Tyne , 14914. 


ATLANTIC Deeper WaTERWAYS ASSOCIATION. Proceedings of 
Annual Convention, Ist-5th. Philadelphia, 1909-1912. 
Gift of the association. 

Cincinnati’ Waterworks DeparrMent. Annual Report, 
1913. Cincinnati, 1914. Gitt of the department. 

Connecticur Society or Civit ENGINEERS. 
1913-1914. Ne u Hlaven, 1914. 

Das EISENBAHNWESEN DER ScuwWeIz, Placid Weissenbach. 
pt. 1. Zurich, 1913. 

Fur. Economy anp CO, Recorpers, A. R. Maujer and C. H. 
Bromley. New York, 1914. 

Metnuovs oF Macuixne Suorp Work, F. A. Halsey. New 
York, 1914. 

SEWERAGE COMMISSION OF NeW York. Sup- 
plementary Report on the Disposal of New York’s Sew- 
age. June 30,1914. Gift of the commission. 

New Haven CuampBer or Commerce. Year Book, 1914. 
New Haven, 1914. Gitt of C. W. Rice. 

Notres ON DEPRECIATION OF NATURAL GAS WELLS, Samuel S. 
Wvyer. Columbus. Gift of the author. 

PotytecuNic ENGINEER. vol. 14. Brooklyn, 1914. Gift of 
Polytechnic Institute of Brooklyn. 

Rainway Lisrary, 1913, Slason Thompson. Chicago, 1914. 
Gift of author. 

Russtan Society ror TestinG MATERIALS. 
(In Russian.) vol. 1,1911. Moscow, 1912. 

Sr. Louis Pusiic Lisrary. Annual Report, 1913-1914. St. 
Louis, 1914, Gitt of Publie Library. 

TECHNICAL MECHANICS, STaTics AND Dynamics, Edward R. 
Maurer. ed. x Vew York, J. Wile uy & Sons, 1914. 


A text book of theoretical mechanics for engineering students, 
This edition is. entirely rewritten =. 2. & 


Proceedings, 


Proceedings. 


Turoven Rovures ror Cnicaco’s Steam Rar_roaps, G. E. 
Hooker. Chicago, 1914. Gitt of The City Club of Chi- 
cago, 


EXCHANGES 


ACETYLENE JOURNAL. vol. 5, nos. 2-4-12; vol. 9. nos. 3-4; 
vol. 11, nos. 4-6; vol. 12, nos. 9, 10, 12; vol. 13, nos. 1, 4. 
5, 7.10. Chieago, 1903-1904, 1907, 1909, 1911-1912. 

EcoLe p’APPLICATION pU GENIE Maritime. Cours de Con- 
struction du Navire. Tome 4. 1910-1912. 

INSTITUTION OF MECHANICAL ENGINEERS. 
1913, pts. 3-4. London, 1913. 

—— List of Members, March, 1914. London, 1914. 


INSTITUTION OF CIvIL ENGINEERS. Minutes of Proceedings. 
vol. 194. London, 1914. 

Konic. INstiruut vAN INGENIEURS. Naamlijst der Leden, 
June 27, 1914. 

KONINKLIJK Instituut vaN INGENIEURS. Catalogus der 
soekerij derde supplement, 1914. s-Gravenhage, 1914. 


Proceedings, 


Society OF AUTOMOBILE ENGINEERS. Transactions, vol. 9, 
pt. 1. New York, 1914. 

Society oF NAvAL ARCHITECTS AND MARINE ENGINEERS. 
Trans., vol. 21. New York, 1913. 

WesTERN AUSTRALIAN INSTITUTION OF ENGINEERS. Report 
of the Couneil, 1912-1913. 
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LIV SOCIETY AND 


UNITED ENGINEERING SOCIETY 

ANUARIO DE LA AMERICA LATINA, 1914. Barcelona, 1914. 

Caspar’s TecunicaL Dictionary ENGLISH-GERMAN AND 
GERMAN-ENGLISH. Milwaukee. 

Irs Raw MareriaL, MANUFACTURE, PROPERTIES 
AND Uses, Fr. Bockmann, translated from the third re- 
vised German edition by Chas. Salter. 

CHAPTERS ON PAPERMAKING, Clayton Beadle. vols. 1-5. 
London, 1907-1909. 

CHEMICAL GERMAN, F. C. Phillips. Easton, Pa., 1913. 

Cortez AssociaTep Mines. Report—January 1910 to July 
1912; October 1, 1913. Boston. Gitt of Olat Wen- 
strom. 

DesicN OF STEEL BUILDINGS AND THE CALCULATION OF 
STRESSES IN FRAMED Structures, M. S. Ketcham. ed. 
3. New York, 1913. 

Diccionario Técnico EN EspaNo., Francés, INGLES 
ALEMAN, D. Carlos Huelin y Arssu. Madrid, 1910. 
Hanppucn per ZikGELEITECHNIK, K. Weber. Berlin, 1914. 
INTERNATIONAL CONGRESS OF APPLIED CHEMISTRY (9TH). 
Preliminary announcement, July 26-August 8, 1915, St. 

Petersburg. Gilt of Geo. F. Kunz. 

Kry To THE ARCHITECTS OF GreaTeR New York. 1914. 
Vew York, 1914. 

Lockwoop’s Direcrory Or THE Paper. STATIONERY AND 
ALLIED Trades. 39th ed. 1914. New York, 19174. 
Manvractvcre or Learner, H. G. Bennett. London, 1909. 
MANUFACTURE OF LUBRICANTS. SHOE POLISHES AND LEATHER 
Dressincs, Richard Brunner. Translated from the bth 

German edition by Chas. Salter. London, 1906. 

Map or THE NortTHERN Peaks Or THE GREAT RANGE WHITE 
Mountains, N. H., Louis F. Cutter. 1914. Gift of 
author. 

Movern FiLax, Hemp, ann JureE SPINNING AND ‘TWISTING, 
Il. R. Carter. London, 1907. 

Moopy’s Maxvuau Or RAILROADS AND CORPORATION SECURI 
ries. vol. 2. Industrial and Public Utility Section. 
New York, 1914. 

Municipau INpex. August 1912-December 1913. New York. 

New York Times INpex. vol. 2, April-June 1914. New 
York, 1914. 

ORIENTATION OF BUILDINGS OR PLANNING FOR SUNLIGHT, 
William Atkinson. New York, 1912. 

Pavinc AND MunicrpaL ENGINEERING. vols. 1-21, 24-31. 
Indianapolis, 1890-1901, 1905-1906. 

Power-L.oom WeavinG, Anton Gruner. Translated by Chas. 
Salter. London, 1900. 

PracricaL Haxpsook or Mopern Lisprary CATALoGInG, W. 
W. Bishop. Baltimore, 1914. 

Practical ParPer-MAKING, George Clapperton. ed. 2. Lon- 
don, 1907. 


LIBRARY 


AFFAIRS 

Ramie (Ruka) Grass, Herbert A. Carter. Londen, 
1910. 

READER OF SCIENTIFIC AND TECHNICAL SPANISH FOR COL- 
LEGES AND TECHNOLOGICAL SCHOOLS, C. DeWitt Will- 
cox. New York, 1913. 

RUBBER, ITS SOURCES, CULTIVATION AND PREPARATION. Har- 
old Brown. London, 1914. 

Space Occupiep by Water Tuse Boiters, C. R. D. Meier. 
Paper read before Associated Engineering Societies, 
April 30, 1913. St. Louis. 

SUPERHEATING, C. R. D. Meier. Reprinted from Journal of 
Engineers Society of Pa. St. Louis. 

A Text-Boox or Puysics. Edited by A. W. Duff. ed. 3. 
Philadelphia, 1913. 

THesavurus Dicrionary Or THE ENGLISH LANGUAGE, Francis 
A. Mareh and F. A. March, Jr. 1910 ed. Philadelphia. 

TREATISE ON CEMENT SPECIFICATIONS, -erome Cochran. 
New York, 1912. 

TREATISE ON THE LAW oF Pusiic UTILiTiEs OPERATING IN 
Cities aND Towns, O. L. Pond. Indianapolis, 1913. 

L. S. Post Orrick DEPARTMENT. Specifications for the Con 
struction of Steel Full Postal Cars, and Fixtures 
Therein. 

Urinization or Woov-Wastre, Ernst Hubbard. Translated 
from the German by M. J. Salter. London, 1902. 
WAURSCHEINLICHKEITSRECHNUNG, Emanuel Czuber. ed. 2 

vols. 1-2. Leipzig, 1908, 1910. 

Woop Propvcts, AND Exrracrs, P. Dumesny 

and J. Nover. London, 190s. 


TRADE CATALOGUES 


Best Manxvuracrurine Co., Pittsburgh, Pa. Catalog and 
hand book of piping materials for steam, air, livdrau- 
lie, uo. 103, 1912. 

Cuuxnton Wire Co., Clinton, Mass. 
May, 1!)14. 

DreuTsCHE MASCHINENFABRIK A. G., Duisburg, Germany. 
Founders and managers of our works, past and present, 
90 pp. 

GarTeNreLp CaBLe Works, description of. 
Frank. 

Sarety Borter Co., St. Louis, Mo. Boiler Logie, 28 
pp.; Superheater Logic, 11 pp.; large Heine boilers, 
4 pp. 

H. W. JoHns-MANnviLLe Co., Cleveland, O. J.-M. Power 
Expert, June, 1914; J.-M. Rooting Salesman, June, 
1914. 

KOEHRING Macuine Co., Milwaukee, Wis. 
June-July 1914. 

LescHen. A., & Sons Rope Co., St. Louis, Mo. 
Hercules, June, 1914. 

Pets, Henry & Co., London, Eng. List 55, Hand Lever. 
punching, shearing and cropping machines. 


Steel Fabric. 


Gift of K. G. 


Koehring mixer. 


Leselien’ 


THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


ABRIDGED LIST OF OFFICERS AND COMMITTEE CHAIRMEN! 


JaMes HartNess, President 


R. M. Dixon, Finance Committee 

H. R. Costeigu, House Committee 

Leonarp WaLpo, Library Committee 

L. P. ALForp, Committee on Meetings 

THEO. STEBBINS, Committee on Membership 
C. I. Earuu, Publication Committee 

Frep J. MILLER, Public Relations Committee 
R. H. Rice, Research Committee 


Jess—E M. SuirH, Committee on Constitution and By-Laws 


1A complete list of the officers and committees of the Society will be found in 
the Year Book for 1914, and in the January and July 1914 issues of The 


Journal 


Ca.vin W. RICE, Secretary 

LOCAL MEETINGS 
Atlanta: J. 5. Coon 
Boston: R. E. Curtis 
Buffalo: David Bell 
Chicago: 8S. G. Neiler 
Cincinnati: J. B. Stanwood 
Milwaukee: E. P. Worden 
Minnesota: Max Toltz 
New Haven: H. B. Sargent 
New York: R. V. Wright 
Philadelphia: H. E. Ehlers 
San Francisco: Robert Sibley 
St. Louis: F. E. Bausch 
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SOCIETY AND 
PERSONALS 


Wilham C. Adams, formerly associated with the Chase 
Metal Works, Waterbury, Conn., as engineer, has aecepted 
the position of assistant superintendent of the Detroit Cop 
per and Brass Rolling Mills Company, Detroit, Mich. 


W. N. Dickinson has become associated with the General 
Elevator Company of New York. He was until recently 
manager of the toreign department of the Otis Elevator 
Company, New York, prior to which he was temporarily in 
charge of their Chicago works and Middle West construc 
tion, and later had charge of their engineering on the Pacific 
Coast. 


R. C. Hargreaves has accepted the position of traffie engi 
neer of the Federal Motor Truck Company, Detroit, Mich. 


Fred B. Corey, formerly for eleven years in the engineer 
ing department of the General Electrie Company, and for 
the past three vears engineer of inspection and tests of the 
Union Switeh and Signal Company, has resigned that posi 
tion and opened an office in the Arrott Building, Pittsburgh, 
Pa. He will conduct a consulting engineering business, mak 
Ing a specialty of inspection methods and organizations for 
manufacturing companies, and will also give attention to 
electric railway signalling and allied subjeets. 


A. F. Barnes, formerly with the engineering departments 
of the University of Pennsvivania and Middlebury College. 
has heen appointed dean of engineering of New Mexico State 
College, State College, New Mexico. 


M. 1. Nusim is now connected with the turbine department 
of the Westinghouse Machine Company. East) Pittsburgh. 
Pa. He was until recently identified with the turbine engi 
neering department of the General Eleetrie Company, Lyon, 
Mass. 


Charles A. Waring has severed his connections with the 
National Cash Register Company, Dayton, Ohio. as dratts 
man of the electme engineering department, and is now as 
sociated with the engineering department of the Reo Motor 
Car Company of Lansing, Mich. 


Arthur R. Jealous, formerly associated with the General 
Electrie Company, Boston, Mass., has accepted the position 
of assistant superintendent of works of the Clark Thread 
Company and Clark Mile End Spool Cotton Company, New- 
ark, N. J. 


Sverre Petersen has become affiliated with the Southern 
Well Works Company, Chattanooga, Tenn., as chief engi- 
neer. He was until recently connected with the Henry R. 
Worthington Company, Harrison, N. J., in the capacity of 
mechanical engineer. 


P. C. Philipp, for many years on the staff of the American 
Appraisal Company and of late in charge of the valuation 
department for Day & Zimmerman, Philadelphia. has opened 
an office of his own in Philadelphia. He will specialize on 
valuation of publie utilities exclusively. Mr. Philipp has 
heen retained by a number of Ohio companies to make a 
valuation of their properties. 


A. L. Breckenridge has severed his connection with the 
Narragansett Eleetrie Lighting Company, Providence, R. I., 
as building inspector, and is now employed as a draftsman 
by the Pennsylvania Steel Company, Steelton, Pa. 


Kilert Nesdahl, formerly in the employ of the Buffalo 
Forge Company, Buffalo, N. Y., has aeceepted a position with 
Warren Webster & Company, Camden, N. J. 


Edward J. Kunze, who for the past four years has been 
assistant professor of mechanieal engineering in charge of 
machine design and construction at the Miehigan Agricul- 
tural College, East Lansing, Mieh., has been appointed pro- 
fessor of mechanical engineering in eharge of the department 
of mechanical engineering at the Oklahoma Agricultural and 
Mechanical College, Stillwater, Okla. 


LIBRARY APFPAIRS 


EMPLOYMENT BULLETIN 


Note: In sending applications stamps should be en- 
closed for forwarding. 


The Secretary considers it a special obligation and pleasant duty to be the 


medium of securing positions for members, and is pleased to receive requests 
both for positions and for men rhe published notices of “men available’ are 
made up from members of the Society Notices are not re peated except upon 
special request Names and records are kept on the offi list three months 


and if desired must be renewed at the end of such period Copy for the Bulletin 
must be in hand before the 12th of the month 


POSITIONS AVAILABLE 


809 Designers with experience on either hull or engine 
work; also designers on marine steam boilers and piping. 
Salary four to six dollars per day. Location Baltimore, 
Marvland. 

S10) Engineer thoroughly experienced in design and oper 


ation of modern oil engines. Loeation Hlineis. 


S11) Manutlacturine superintendent on gas engine work; 
must be thoroughly nenceed in modern methods, and pos 
sess tact and e ergy. Kexcellent OP broad line 


or man with ability. 


nM Knergetic. ambitious voung man to sell power plant 


equipment. ‘Technical graduate preferred. Experience as 
salesman not essential, but preferred, excellent opportu 
nity for night man. Location Pittsburgh. Apply through 
socrety, 


Instructor in experimental enginecring; prefer one 
several Vears out ot ¢ with both practical and teaching 
experience. Salarv S1100 to $1200, Location Pennsvivania 


02 Cliel draftsman for turbine department of forty 


to Hhitv men: preterence given te one tamiliar with large 
steam apparatus and eapable of handling design of laree 
machines and a good disciplinarian. Apply through Society 


Experienced vraduate, mechanical and electrical ey 

zineer, familiar with problems ineidental to the construction. 
improvement and maiitenance of iron and steel works. State 
experience and salary desired, also references as to ability 
and character. Apply through Society. 


Assistant to chief engineer of sugar factory: must 
have knowledge of electrical machinery and practical experi 
ence. Location Porto Rieo. Salary $125 per month with 
board, 


09 Several men to represent Michigan coneern in ex 
clusive territories. Positions eall for a thorough knowledge 
ot boiler equipment atl d selling experience, Apply through 


910 Draftsman, if possible one with knowledge of agri- 
cenitural implements. Location Massachusetts. Salary ae- 
cording to ability, probably one hundred dollars a month te 
start. Position permanent and good opportunity for ad- 
vancement. Apply by number through the Society. 


912 Engineer to take entire charge of factory in New 
York, manufacturing portable metal furniture. Apply 
through the Society. 


MEN AVAILABLE 


J-1000 Junior, graduate mechanical engineer, four years 
experience in oflice, testing and sales for company manu- 
facturing pumps and air compressors, one year editorial 
work with magazine devoted to internal combustion engines, 
desires position in commercial line, preferably sales. At 
present employed. 


J-1001 Member, M.I.T. graduate, age 36, wide experi- 
ence in manufacture of machinery and exporting, desires to 
act as manufacturer's export representative in New York. 
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LII SOCIETY AND 

J-1002 Student member, Stevens 1914 graduate, desires 
position with contracting concern or consulting engineer, 
Location immaterial. 


J-1003 Member, teclinical graduate, age 32, experience as 
machinist, shipping clerk, draftsman, master mechanic, me- 
chanical engineer, assistant superintendent and superintend- 
ent, competent to take position as general manager of plant 
employing several hundred men. Location New York pre- 
ferred, 


J-1004 Superintendent, age 39, broad experience in de- 
signing tools and labor saving devices for increasing produe- 
tion in interchangeable manufacturing work. Expert in 
punch press work and construction of dies tor sheet metal 
stamping and forming. Has had complete charge of plant. 
Loeation preferred in the East. 


J-1005 Mechanical graduate, age 30, three years experi- 
ence technical advertising, six years engineering instructor, 
well versed in theory and practice. Salary $3000, 


J-1006 Mechanical engineer, technical graduate with sue- 
cessful selling experience, contemplates opening oflice in Chi- 
cago. Would like to hear from manufacturers desirous of 
having their product marketed in Chicago and surrounding 
territory. 


J-1007 Young engineer, technical graduate, has had ex- 
perience in repair work of locomotives and charge of several 
important tests, desires to locate near New York. At pres- 
ent employed, 


J-1008 Member, graduate Stevens Institute of Technol- 
ogy, age 33, energetic and reliable, successful executive, four 
years experience as chief draftsman, two vears as production 
superintendent, and two years as mechanical superintendent, 
desires position as factory 


manager or general superin- 
tendent. 


At present employed. 


J-1009) Junior, M.LT. graduate, journeyman machinist, 
experienced in design, inspecting, research, steam power, re- 
pair work and correspondence, desires position witli con- 
sulting engineers or manufacturing concern, preferably in 
the South. At present employed. 


J-1010  Associate-Member, age 28, desires an opportunity. 
with possibilities for advancement. 
and steam power plant equipment. 
real opportunity. 


J-1011) Member with broad shop experience in medium 
and heavy work desires to connect with progressive concern 
requiring the services of a capable superintendent. 


J-1012 Technical graduate, mechanical engineer, Stevens 
03, ten vears experience in drafting and engineering work, 
also manufacture of water gas and soap. Five years with 
large anthracite coal operating company in eastern Penn- 
sylvania in design, erection and maintenance of machinery 
for handling and dressing coal. 


J-1013° Member, technical graduate, age 35, married, 15 
years experience designing, erecting and operating high grade 
steam power plants. Special attention given to improve- 
ments in plants and fuel economy, thoroughly familiar with 
handling California crude oil as fuel. Location preferred 
California or some other part of the West. 


J-1014 Major interest will be assigned in foreign patents 
in consideration for putting new device on the U. S. market, 
or for providing means to do so, The device is applicable to 
machinery in general, including automobiles, and has been 
thoroughly tried out in practice. U.S. 
cently granted. 


J-1015 Member, mechanieal and electrical engineer, tech- 
nical graduate, Assoc. A.LE.E., 15 years practical experi- 
ence, 12 years in executive positions as chief electrician, 
power plant chief engineer, mechanical engineer and master 
mechanic, successful in handling men, thoroughly familiar 


Specialty steam turbines 
Will sacrifice salary for 
At present employed. 


patents were re- 
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AFFAIRS 


in engineering correspondence, compiling plant reports, com- 
mercial testing, ete. desires position with large mining and 
smelting companies. At present employed. Location imma 
terial, but prefer South or West. 


J-1016 Junior, graduate M.L.T., age 29, married, five and 
one half years experience in design and construction of 
power plants, desires executive position, assistant to super 
intendent, or manager with company with good chance for 
advancement. At present holding responsible position. 


J-1017 Associate-Member, graduate mechanical engineer, 
thoroughly familiar with designing and testing of air eom- 
pressors, blowing engines, vacuum pumps using plate valves 
and large steam engines (drop valve gear), also commercial 
experience, responsible Knowledge of 
Freneh and German. 


desires position, 


J-1018 Junior, age 26, married, eight years shop and 
drafting room experience on small and medium size ma 
chinery. Steady, industrious worker, systematic, accurate at 
figures and good correspondent, desires position in shop or 


oflice. Loeation immaterial but preter New England or New 
York. Salary $100 per month. 
J-1019) Mechanical engineer with eleven vears experience 


as engineer and superintendent varied 
lines open for engagement November first. 


manutacturing 


J-1020 Mechanical engineer, teclinical graduate, ten vears 
experience automatic machinery and experimental work, de 
sires executive position with chance for advancement. At 
present employed. 


J-1021) Junior, Stevens graduate, age 30, capable execu 
tive in new and re-construction and equipment of mills and 
factories; designer along electrical and steam 
structural and reintoreed concrete architecture, desires an 
engagement. At present chief engineer for metropolitan 
firm of industrial engineers now completing new manufactur 
ing plant in Seuth. 


J-1022 Member, technical graduate, with commercial 
training, speaking five languages, fully conversant with Latin 
and South American trade conditions, 18S vears varied experi 
ence in design and construction of machinery and buildings, 
remodeling, maintenance and operation of industrial plants 
and equipment; systematizing of shops and processes along 
scientific management lines, testing and general plant en 
gineering; familiar with handling men, drawing up con 
tracts, purchasing equipment and material, appraising prop 
erties, modern manufacturing and marketing 
products, desires to become identified with manufacturing or 
industrial plant in responsible administrative or 
position. At present employed, 


J-1023) Manufacturing superintendent or shop manager, 
good organizer and executive, familiar with modern and 
economical manufacturing methods ineluding the 
und bonus systems and time study. 


power lines, 


methods of 


executive 


Sueccesstul in imereasing 
production and reducing costs without adding new equip 
ment; thorough knowledge of the value and elliceney of the 
latest improved manufacturing machines. 


J-1024 
12 vears experience in shop, drafting and design of Euro 
pean Diesel oil engines, automatic machinery and industrial 
plants, desires position as mechanical engineer, or assistant 
to superintendent of industrial firm. 


Graduate mechanical engineer, age 28, married, 


At present employed, 


J-1025 Member, 25 years experience in design and con- 
struction of machinery, building crushing plants, power plant 
work and mill engineering, also familiar with purchasing of 
materials and equipment, desires to be identified with manu- 
facturing or industrial plant in responsible position. 


J-1026 Junior, Columbia University graduate, one year 
practical experience designing and testing air machinery, 
power plants and industrial processes to discover losses and 
determine costs of production, desires position as assistant 
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to manager or superintendent of industrial concern. Loca- 
tion immaterial. 


J-1027 Cornell graduate, age 28, married, six years ex- 
perience at blast furnace, steam specialties and motor cars; 
four years high class motor trucks and earriages, one year in 
charge small factory office, wishes opportunity in executive 
line. Loeation and travel immaterial. 


J-1028 Member now located on the Pacific coast, for 
many years connected with a large steel company in this 
country, desires to establish an agency representing a num- 
ber of reputable Eastern manufacturers. 


J-1029 Mechanical engineer, technical graduate, age 30, 
knowledge of Spanish-American business, sugar plantation 
work and sales engineer, thorough knowledge of gasolene, oil 
and steam engines, all types of pumps and pumping ma 
chinery and sugar house machinery. 


J-1030 Mechanical and electrical engineer, 
uate, 14 years experience in design, operation and appraisal, 
broad knowledge of several branches of engineering and keen 


insight particularly fit for investigations and reports, desires 
permanent position in or near New York. 


J-1031 Member, graduate M.E., with experience in ex 
port of livdrauhe and pneumatic machinery, also internal 
combustion motors, associated with old established import 
ing and exporting house in New York, open for export 
ageney; lines of small foolproot machinery, special tools, 
valves, alloys, ete., preferred. 


J-1032 Member, technical graduate, desires position as 
mechanical engineer or assistant to superintendent or man- 
ager; experienced as clnef draftsman in manufacturing lines. 


J-1035 Graduate engineer, age $2, single, technical 
knowledge mechanical and electrical engineering, 12 years 
practical experience design, construction and operation ot! 
steam power plants, hydroelectric plants and sub-stations, 
piping layouts, ete., desires position with consulting engi- 
neer or large contracting tirm. Salary $175. Location New 
York or vicinity. 


J-1034 Mechanical engineer with offices in London, Eng- 
land, who has successfully introduced various railway spe- 
cialties of American manufacturers in Europe, is open to 
negotiate with prominent manufacturers of railway rolling 
stock and specialties with a view to establishing and extend- 
ing their export business in Great Britain and its colonies. 
Hlighest references. 


J-1035 M. 1. T. graduate in mechanical engineering, post 
eraduate course in electrical engineering, twenty years ex- 
perience in design and construction of machinery, and build- 
ings, manufacturing, systematizing and accounting, desires 
permanent position. 


J-1036 Junior, Stevens graduate, age 30, varied experi- 
ence in office of consulting engineer, complete charge of 
work and considerable responsibility; experience in reports. 
designs and appraisals of numerous industrial and power 
plants and municipal works. Best references. 


ACCESSIONS TO THE LIBRARY 


With COMMENTS BY THE LIBRARIAN 


rhis list includes only accessions to the library of this Society Lists of 
accessions to the libraries of the A. I. E. E. and A. I. M. E. can be secured on 
request from Calvin W. Rice, Secretary of Am. Soc. M. E. 
Socrety oF AMERICA. Constitution, by-laws 
list of members, ete., 7914. New York, 1914. Gnitt of 
C. W. Rice. 


ASPHALTS, THEIR Sources anp Utiuizations. T. Hugh 
Boorman. 1914 road edition. New York, 1914. Gift 
of author. 

This is the second edition of the work. It treats of the origin and uses of 


asphalt especially in road construction, and is profusely illustrated with full 


page plates of existing roads. ( 


ASSOCIATION OF RaiLway TELEGRAPH SUPERINTENDENTS. 
Proceedings of Annual Meeting, 1914. Milwaukee, 
1914, Gitt of association. 


ASSOCIATION OF TRANSPORTATION AND Car ACCOUNTING 
Orricers. Proceedings, June 1914. Gift of associa- 
tion. 


CreMENT Evectric Drive, AN ANALYSIS OF Its BEN- 
eFirs, T. H. Arnold. Philade lphia. 


CoTroN COMBING MacHiNes, T. Thornley. London, 1902. 


Gear Currinc In THEORY AND Practice, J. G. Horner. 
Manchester, 1914, 


ILLINOIS Water Suppty Association. Proceedings of 5th 
Meeting, 1913. Urbana, 1913. 


INsTITUTION OF CIVIL ENGINEERS OF IRELAND. Index to 
Transactions, 1845-1910. Dublin, 1911. Gift of G. E 
Stechert & Co. 


INSTRUCTIONS FOR MAKING IMPROVEMENT THINNINGS AND 
THE MANAGEMENT OF MOTH-INFESTED Woop.LaNnps. H. 
©. Cook and P. D. Kneeland. Boston, 1914. Gitt of 
Mass. State Forester. 


IRON Ores, THerk OccurRENCES, VALUATION AND CONTROL, 
Edwin ©. Eckel. New York, MeGraw Hill Book Co., 
1914. of publishers. 

lreats of the abundance and wide distribution of iron, and the genesis of iron 
ore deposits; of the factors affecting the value of iron and the valuation of de- 
posits; On prospecting, mining costs, mill costs as affecting valuation. Then 
follows a detailed description of the more important ore deposits of the world, 
with full references to the literature rhe final chapters are devoted to an 
economic study of iron ore resources as affecting the future development of the 
iron industry, special attention being given to the conditions affecting tl 

American iron industry. W. P. < 


IXANSAS ENGINEERING Society. Transactions and Report 
of the 6th Annual Meeting, 1914. Topeka, 1914. Gitt 
ot society, 

Los ANGELES (CaL.) DEPARTMENT OF Uritities. 
1th Annual Report of the Board. 1912-1913. Los An- 
geles. Gitt of Department of Publie Utilities. 


MeLBourNE UNIversity CAaLenpar, 1913. Melbourne, 1912. 
Gift of A.S.M.LE. 


New York Stare CONSERVATION COMMISSION. 2d Annual 
Report, 1912. Albany, 1913. Gitt of Commission, 


New York State EnGineer & Surveyor. Annual Report, 
vol. 1, 1913. Albany, 1914. Gift of New York State 
Engineer and Surveyor. 

RrecENT SuPREME Court Decisions ON ENGINEERING CoN- 
TRACTS AND LIABILITIES OF SURETIES UPON sucCH CoN- 
Tracts, G. A. King. 

La Soupure AUTOGENE. Paris. 


SPRINGFIELD (Mass.) Water COMMISSIONERS. 40th An- 
nual Report, 1915. Springfield, 1914. Gift of Board 
of Water Commissioners. 

TRAVELING ENGINEERS’ Assoc1aTiON. Committee Reports 
and Subjects, 22d Annual Meeting, 1914. Gift of Trav- 
eling Engineers’ Association. 

User pit THeorre pes Kreisevs, F. Klein and A. Sommer- 
feld. pt. 9.4, Leipzig, 1S98, 1903, 1910. 

UHLAND’s HANpBUCH FUR DEN PRAKTISCHEN MASCHINEN- 
KONSTRUKTEUR. vols. 1-4, 6-13. ed. 2. Berlin. 

UNIVERSITY OF Minnesota. College of Engineering, 1914- 
15. Minneapolis, 1914. Gitt of University. 

Dik UNMITTELBARE UMSTEUERUNG DER VERBRENNUNSKRAFT- 
MASCHINEN, Ch. Péhlmann. Berlin, 1914. 

VEREINES DEUTSCHER INGENIEURE. Inhaltsverzeichnis der 
Zeitschrift, 1877-1883, 1884-1893. Berlin, [SS/, 1895. 
VEREIN DEUTSCHER INGENIEURE UND SEINE ARBEITEN, De- 

seription of. Berlin, 1914. Gift of the Verein. 
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Girt or Wituiam J. HAMMER 
AgronauTicaL Society. Official Program, Aviation Decen- 
nial Celebration, 1903-1913. 
Berrer Business, Wm. Hard. 
CHRONOLOGY oF AviaTION, H. Maxim and W. J. Hammer. 
HistoricaL COLLECTION OF INCANDESCENT ELEcTRIC LAMPs. 


Yoururut Franxurn. An Oration Delivered at the Unveil- 
ing of a Statue of Benjamin Franklin in 1723 at the 
University of Pennsylvania, June 16, 1913, Jas. M. Beck. 


Girt or NaTionNaAL COMMERCIAL GAs ASSOCIATION 


Gas EQuIPMENT OF THE Home. New York, 1914. 

Hygienic or Gas R. F. Pierce. 

Proposep Gas Fixture SPECIFICATIONS AS RECOMMENDED BY 
THE COMMITTEE ON STANDARDIZATION OF GaS APPLIANCE 
SpeciricaTions. 1913. 

Proposep Gas RANGE SPECIFICATIONS AS RECOMMENDED BY 
THE COMMITTEE ON STANDARDIZATION OF GAS APPLIANCE 
SPEcIFICATIONS. 1912. 

TRADE CATALOGUES 

Evectric WEIGHING Co., New York, N.Y. Bull. no. 8. Mes- 
siter conveyor scales, 15 pp. 

Ferro Macuine & Founpry Co., Cleveland, O. Ferro row- 
boat motor, 16 pp. 

FLanNery Bour Co., Pittsburgh, Pa. Staybolts, July 1914. 

GARDNER MAcHINE Co., Beloit, Wis. Gardner Grinder, May- 
June 1914. 

Gas Macuinery Co., Cleveland, O. Form 390. New coal 
gas plant of Porto Rico Gas Co., San Juan, Porto Rico, 
16 pp. 

LescHEeN, A., & Sons Rope Co., St. Louis, Mo. 
Hercules, July 1914. 

LUNKENHEIMER Co., Cincinnati, O. Lunkenheimer whistles, 
23 pp. 

NortH WesterN Expanpep Metau Co., Chicago, Il. Ex- 
panded metal construction, July 1914. 

Mre. Co., Aurora, Ill. 
no. 64 

Unver-Frep Stoker Co. oF AMERICA. 
June, July 1914. 

WatwortH Co., Boston, Mass. 
1914. 


Yate & Towne Mrc. Co., New York, N. Y. Yale Hoisting 
Hints, July 1914. 


UNITED ENGINEERING SOCIETY 


AMMONIA AND ITs ComMPpouNDS, THEIR MANUFACTURE AND 
Uses, Camille Vincent. Translated from the French 
by M. J. Salter. London, 1901. 


Leschen’s 


Labor saver, 
Publicity Magazine, 


Walworth Log, July 


SOCIETY AND LIBRARY 


AFFAIRS 
ArT oF Paper MakinG, Alexander Watt. 
1911. 


BIBLIOGRAPHIE DER DEUTSCHEN ZEITSCHRIFTEN LITERATUR. 
Vol. 23. Leipzig, 1914. 


BIBLIOGRAPHIE DER FREMDSPRACHIGEN ZEITSCHRIFTEN LITERA- 
Tur. Vol. 8, 1913. Leipzig, 1914. 


CALCULUS FOR ENGINEERS, John Perry. 


Ed. 4. 


London, 


London, 1897. 


CARNEGIE ENDOWMENT FOR INTERNATIONAL Peace. Report 
of the International Commission to inquire into the 
causes and conduct of the Balkan Wars. Publication 
no. 4. Washington, 1914. Gitt of R. A. Franks. 


ForMULES Recerres, Procepés, L. Franeois. Paris, 1914. 


GESAMT-ZEITSCHRIFTEN VERZEICHNIS. Berlin, 1914. 
Liquip AiR OXYGEN, NITROGEN, Georges Claude. Philadel- 


phia, 1913. 


PREVENTION OF DAMPNESS IN BurLpINGs, Adolf W. Keim. 
London, 1902. 


PsyCHOLOGY OF MANAGEMENT, L. 
Sturgis € Walton Co., 1914. 


M. Gilbreth. Vew 


York, 


A publication in book form of the essays appearing originally in Industrial 


Engineering. A careful study of the underlying principles of scientific manage- 
ment. w. P. ©. 
Recent Corron Mint Construcrion AND ENGINEERING, 


Joseph and Frank Nasmith. Ed. 3. 

SMALL Water Supp.ies, F. Noél Taylor. 

TEXTILE Wm. S. 
1912. 


Manchester, 1909. 
London, 1911. 
INDUSTRIES, Murphy. 8 vol. 


London, 


TRADE CATALOGUES 


Chicago Pneumatic Tool Co., Chicago, Ill. 
July, 1914. 


Flannery Bolt Co., Pittsburgh, Pa. 


Ideal Power, 


Staybolts, August, 1914. 


Gardner Machine Co., Beloit, Wis. 
August, 1914. 

Hess-Bright Mfg. Co., Philadelphia, Pa. 
machine tools, 1914. 

Sherwood Mfg. Co., Buffalo, N. Y. The “ Hart” oil pump. 

Texas Co., New York, N. Y. Lubrication, July, 1914. 

Under-Feed Stoker Co. of America. 
August, 1914. 

Walworth Mfg. Co., Boston, Mass. Model Piping Specifiea- 
tions, a Guide for Engineers. Copies ean be had by 
addressing Power Dept., Walworth Log, Sept., 1914. 

Winslow Safety High Pressure Boiler Co., Chicago, Ill. 
Winslow Safety High Pressure Boiler, 53 pp. 

Yarnall-Waring Co., Philadelphia, Pa. 
power plant, 88 pp. 


Gardner Grinder, July- 


Ball bearings in 


Publicity magazine, 


Log book of the 


THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 
ABRIDGED LIST OF OFFICERS AND COMMITTEE CHAIRMEN! 


James Hartness, President 
R. M. Dixon, Finance Committee 
H. R. CosieigH, House Committee 
LzonarD Wa.po, Library Committee 
L. P. ALForD, Committee on Meetings 
THEO. StesBins, Committee on Membership 
C. I. Earut, Publication Committee 
Frep J. MILuer, Public Relations Committee 
R. H. Rice, Research Committee 


Jesse M. SmirH, Committee on Constitution and By-Laws 


1A complete list of the officers and committees of the Society will be found in 
the Year Book for 1914, and in the January and July 1914 issues of The 


Journal 


Cavin W. Secretary 


LOCAL MEETINGS 
Atlanta: J. S. Coon 
Boston: R. E. Curtis 
Buffalo: David Bell 
Chicago: S. G. Neiler 
Cincinnati: J. B. Stanwood 
Milwaukee: E. P. Worden 
Minnesota: Max Toltz 
New Haven: H. B. Sargent 
New York: R. V. Wright 
Philadelphia: H. E. Ehlers 
San Francisco: Robert Sibley 
St. Louis: F. E. Bausch 
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SOCIETY AND LIBRARY AFFAIKS LI 


PERSONAL NOTES 
Charles L. Samson, formerly associated with The Griffin 
Wheel Company, Chicago, Ill., as mechanical engineer, has 
accepted the position of master mechanic of The Hamilton 
Manufacturing Company, Two Rivers, Wis. 


Thomas L. Tomlines, until recently connected with the 
Stebbins Engineering and Manufacturing Company, Water- 
town, N. Y., has opened a consulting engineering office in 
the Flower Building, Watertown, N. Y. 


Edwin Frank has been appointed instructor in mechanical 
engineering at the University of Illinois, Urbana, Ill. He 
was formerly in the hydraulic department of Allis-Chalmers 
Manufacturing Company, West Allis, Wis. 

Harold V. Coes, until recently associated with Lockwood, 
Greene & Company, Boston, Mass., as special principal as- 
sistant, has become afliliated with the Sentinel Automatic 
Gas Appliance Company, New Haven, Conn., as vice- 
president and general manager. 

R. F. Peters has resigned as mechanical engineer of the 
San Antonio and Aransas Pass Railway, San Antonio, 
Texas, to accept an appointment as senior mechanical en- 
gineer of the division of valuation, Interstate Commerce 
Commission, with headquarters at Kansas City, Mo. 


J. H. Billings, who at the outbreak of the war was in Eng- 
land on his way to Germany to take a years course of study 
at the University of Berlin, is now taking a course for a 
master’s degree in mechanical engineering at Massachusetts 
Institute of Technology. 

Wilham J. Dyer has terminated his eonneetion with the 
Honolulu Iron Works Co., Honolulu, Hawaii, after 15 years 
service as designing and construction superintendent of ma- 
chinery tor the sugar industry, and with a broad practical 
knowledge of engineering in its various branches, announces 
the opening of an office as consulting engineer in the Stangen- 
wald Building, Honolulu, Hawaii. 

Mr. Alfred E. Kornfeld, who relinquished his connection 
with “ Engineering News” in 1912 after 18 years service, 
has again become identified with it and as a member of its 
business staff, with headquarters in New York City. 

Mr. H. deB. Parsons has been appointed joint represent 
ative of both the Chamber of Commerce and the Society on 
a special Board of the City of New York to formulate speci- 
fications for fire hose and tests for same. 


STUDENT BRANCHES 
ARMOUR INSTITUTE OF TECHNOLOGY 


The first meeting of the season was held on October 8. 
C. W. Naylor, Member of the American Society of Mechanical 
Engineers, spoke on the benefits derived from belonging to 
an engineering society. Other speakers were Prof. G. F. 
Gebhardt, Member of the American Society of Mechanical 
Engineers, Professors Peebles, Libby, Anderson, and Roesch 
and L. W. Bunge. 


KANSAS STATE AGRICULTURAL COLLEGE 

The following otlicers were installed at a meeting of the 
\ansas State Agricultural College Student Branch held on 
October 1: Prof. A. A. Potter, honorary chairman; J. E. 
Bengston, president; R. A. Shelly, viee president; L. A. 
Wilsey, secretary; R. L. Swenson, treasurer. R. L. Swen- 
son reviewed the Journals for July, August and Septem- 
ber. J. B. Lund, Superintendent of Heat and Power of 
the Kansas State Agricultural College, gave an interesting 
talk on the practical problems of heating buildings. Prof. 
A. A. Potter, Dean of the Engineering Division, gave a 


short discussion on the functions and various activities of 
the American Society of Mechanical Engineers, and Pro- 
fessor Reid of the Electrical Engineering Department gave 
a short address on the importance of college sections of the 
national engineering societies. 


OHIO STATE UNIVERSITY 

The first regular meeting of the Ohio State University 
Student Branch was held on October 7 and the following 
officers were elected: R. D. Rogers, chairman; P. W. Sheats- 
ley, secretary; I’. M. Atwell, treasurer. T. W. Herbst was 
chosen to take charge of the athletic activities of the branch. 
The chairman appointed C. L. Brown, C. Lauer, R. M. 
Matthews and P. W. Sheatsley to serve as a program com- 
mittee and L. R. Baker, A. R. Furnas and H. D. Winbigler 
to comprise a social committee. Prof. Wm. T. Magruder, 
honorary chairman of the branch, spoke of the relation of 
the branch with the American Society of Mechanical 
Engineers, and suggested several ways by which benefit 
from the Society could be increased. Prof. F. E. Sanborn 
gave an interesting talk on “ The Qualities of an Engineer.” 

RENSSELAER POLYTECHNIC INSTITUTE 

The first regular meeting of the student branch of the 
Rensselaer Polytechnic Institute was held on September 24 
at which 23 members of the Junior Class were taken into 
the branch. The following officers were chosen: C. P. 
srown, chairman; B. F. Percival, vice-chairman; H. Thier- 
inger, treasurer; W. Kelly, secretary. D. M. Singer gave 
an interesting talk on power development at Niagara Falls. 
This was followed by a discussion by Prof. A. M. Greene, 
W. S. Powers and H. Thieringer. 


UNIVERSITY OF COLORADO 
The first meeting of the University of Colorado Student 
Branch was held on September 23. The meeting was de- 
voted to a discussion of future plans and activities of the 
branch, of the possibility of increase of membership and the 
selection of a suitable pin for the branch. 


UNIVERSITY OF MINNESOTA 
At the October meeting of the University of Minnesota 
Student Branch, Fletcher Rockwood presented a paper on 
the “ Disposal of Municipal Waste.” He described in gen- 
eral the various methods used by municipalities in dispos- 
ing of garbage and other waste and gave a detailed account 
of the incinerator system as employed in Minneapolis. 
UNIVERSITY OF MISSOURI 
The first meeting of the University of Missouri Student 
Branch was held on September 21 and the following officers 
were elected: L. L. Leach, chairman; Troy Russell, secre- 
tary and treasurer; P. R. A. Nolting, corresponding sec- 
retary; and Prof. A. L. Wescott, Stanley Goodman and W. 
A. Sloss, the governing board. At a meeting held on Octo- 
ber 5, Dean Davenport of the School of Commerce addressed 
the Society on the present financial crisis. 


UNIVERSITY OF NEBRASKA 


The following officers were elected at a meeting of the 
University of Nebraska Student Branch held October 3: 
D. W. Watkins, chairman; R. B. Gillespie, treasurer. 
Prof. J. D. Hoffman gave a short talk on the American 
Society of Mechanical Engineers and the benefits derived 
from being a member of engineering organizations. 
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LIL SOCIETY AND LIBRARY AFFAIRS 


WORCESTER POLYTECHNIC INSTITUTE 

The organization meeting of the Worcester Polytechnic 
Student Branch was held on October 2. R. H. Crippen, 
chairman of the branch, gave a short talk telling what the 
purposes and aims of the branch were. Charles S. Gingrich 
ot the Cincinnati Milling Machine Company gave an illus- 
trated lecture on “ Modern High Production Milling Ma- 
chine Practice,” showing some of the exceptional results 
gained by experimental work performed in their research 
laboratory. Among those who took part in the discussion 
of the lecture were Dr. Ira N. Hollis, President of Worcester 
Polytechnic Institute; W. W. Bird, Professor of Mechanical 
Engineering and Director of the Institute Shops; John S. 
Spence of the Norton Grinding Company; Albert A. Gor- 
don of the Crompton & Knowles Company; Clinton Alvord 
of the Woreester Loom Company. 


EMPLOYMENT BULLETIN 


Note: In sending applications stamps should be en- 
closed for forwarding. 


The Secretary considers it a special obligation and pleasant duty to be the 
medium of securing positions for members, and is pleased to receive requests 
both for positions and for men. The published notices of ‘men available’’ are 
made up from members of the Society. Notices are not repeated except upon 
special request. Names and records are kept on the office list three months, 
and if desired must be renewed at the end of such period. Copy for the Bulletin 
must be in hand before the 12th of the month. 


POSITIONS AVAILABLE 


914 Instructor in machine shop practice for large uni- 
versity in middle west. College man with practical experi- 
ence preferred. 


1035 High grade, practical machine designer, experience 
in machine, pattern shop and drawing room; one who can 
make practical designs from a shop standpoint so that goods 
may be manufactured cheaply and be of such grade as to 
meet the best of competition. Position permanent for man 
of ability. Salary according to ability. Location Missouri. 
Apply by letter. 


1036 Massachusetts concern desires young engineer, pref- 
erably one with technical education and two or three years 
shop experience who is willing to start with reasonable sal- 
ary and work into estimating and planning department. Ap- 
ply by letter. 


1121 <A well established company, manufacturing a line 
of railroad specialties, covering both rolling stock and road 
bed, desires to add to its output other articles in keeping 
with present lines. 


MEN AVAILABLE 


IX-1100 Graduate Stevens Institute of Technology, age 
44, married, good executive, broad experience in designing 
and experimenting with internal combustion engines, also 
thorough knowledge of “service” work for large automobile 
concern, desires position in or near New York. 


K-1101 Junior member, college graduate, three years en- 
gineering department of large eastern steel company; two 
years assistant superintendent and chief engineer large elec- 
tric company in charge of engineering and construction de- 
partments, designing, estimating, erecting and directing 
work; competent in designing and building power plants, 
sub-stations, transmission lines, electrie cranes and tram cars, 
coal and ash handling systems, piping layouts, boiler and 
engine settings and machinery installation, desires position 
of ——ed and responsibility with chance for advance- 
ment. 


_K-1102 Junior member, age 29, graduate mechanical en- 
gineer, five years experience in design of steam electrical 
generating equipment; four years as sales engineer; special- 


ist in modern electrical »ower generation for industrial 
manufacturing plants, boilers, all types of steam turbines, 
generators, condensers and auxiliaries, desires position with 
an engineering, manufacturing or public utility company. 
Large acquaintance in western Pennsylvania and eastern 
Ohio. 


K-1103 Junior, Cornell graduate, age 26, two years ex- 
perience in erecting testing and installing compression and 
absorption refrigerating machines and several years experi- 
ence as superintendent of street paving and general con- 
struction work, desires permanent position which will lead to 
advancement in sales, executive or general engineering capac- 
ity. Location immaterial, eastern states preferred. 


K-1104 Mechanical engineer, technical graduate with 
wide machine shop and mill experience, desires position with 
large progressive manufacturer. Would consider taking 
part interest in small but live manufacturing proposition in 
New England. 


K-1105 Technical physicist, M.I.T. graduate in me- 
chanieal engineering, can organize and equip physical testing 
laboratories, and take charge of research problems in turbine 
or similar work. Interview in Boston the last week of No- 
vember or in New York at the Annual Meeting. 


K-1106 Associate member, age 32, seven years technical 
training, four years shop apprentice, drafting and designing 
steam and pumping engines, also two eycle double acting 
and four cycle oil engines, desires a change. Has held posi- 
tions as outside engineer, chief engineer and master me- 
chanie. Executive ability in handling men. Location im- 
material. 


K-1107 Factory superintendent or general foreman with 
broad experience in modern manufacturing methods can pro- 
duce results with your equipment; twelve years experience 
with production efficiency and organizing of shops. 


K-1108 Technical graduate in mechanical engineering, 
three years practical experience including design, shop man- 
agement, purchasing and sales work. Last employed as 
superintendent of company making high grade gasolene 
motors and would like something of similar nature. Salary 
$1600. 


K-1109 Junior, M.I.T. graduate in mechanical engineer- 
ing, experienced in all branches of building, construction, 
especially estimating and cost systems, also sales engineer. 
Loeation immaterial. 


K-1110 Member, graduate mechanical engineer, 20 years 
experience as designer and draftsman of simplex and duplex 
steam pumps, desires position as designer or chief drafts- 
man. Best references. 


K-1111 Student member, technical graduate with eight 
years gas engine experience. At present emploved as steam 
engineer but desires gas engine field. 


K-1112 Associate-Member, A.S.M.E., Associate, A.I.E.E., 
graduate Stevens Institute of Technology, age 26, four 
years with large electrical manufacturer, two years at 
factory, remainder of time selling and investigating power 
requirements of factories, making motor recommendations, 
figuring comparative costs and presenting them in form of 
reports, experienced in indicating steam engines. At pres- 
ent engaged in manufacturing line but desires sales work. 


K-1113 Superintendent with wide experience in modern 
methods in foundries, machine shops and manufacturing 
plants, expert mechanic, good executive able to produce 
maximum results with equipment and men. 


K-1114 Junior, graduate mechanical engineer, five years 
experience in manufacture and design of high grade auto- 
mobiles, desires position as assistant superintendent with 
growing concern. At present engineer of tests in auto- 
mobile factory building its own parts. 
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K-1115 Member, 18 years experience as draftsman, 
superintendent and chief engineer, ten years in selling, will 
go anywhere in the United States north of the Ohio River. 
Has proved ability in steel casting specialties. 


K-1116 Member, age 34, experienced in design and con 
struction of propelling machinery for steam vessels, desires 
responsible executive position in similar line of work. At 
present superintendent in large manufacturing concern but 
prefers marine engineering. 


K-1117 Junior, technical graduate in mechanical and 
electrical engineering, 12 years practical experience in de 
sign, construction and maintenance of sub-stations and power 
houses high voltage design and construction, gas and gaso- 
lene engines. At present employed in responsible position. 
Salary $175. Location New York. 


K-1118 Junior, age 38, sales engineer, broad experience 
in handling high grade mechanical specialties, acquaintance 
in manufacturing and engineering fields, desires to represent 
manufacturers in east or middle west. At present employed. 


K-1119 Mechanical engineer with eleven years experi 
ence in varied manufacturing lines open for engagement. 


K-1120) Member, technical graduate, ten years experi- 
ence in ¢ivil, mining and mechanieal engineering, wishes 
extra work in drafting, designing or calculating. At present 
employed in Philadelphia. 


K-1121 Member, technical training as mechanical engi- 
neer, as well as shop training as machinist and superintend 
ent; eight years experience conducting an oflice as design 
ing and contracting engineer, is open for engagement as rep 
resentative of high grade concern, preferably in field of 
equipment for the handling of materials. Location Ohio and 
adjacent states. 


K-1122) Junior, experienced in designing and testing air 
machinery, power plants and determining costs of produe- 
tion, desires position as assistant to manager, superintendent 
of industrial concern, or sales. 


K-1123 Junior, M. I. T. graduate, journeyman machinist, 
experienced in design, inspecting, research, steam power, re- 
pair work and correspondence, desires position with eonsult- 
ing engineers or manufacturing concern, preferably in the 
South. At present employed. 


ACCESSIONS TO THE LIBRARY 


This list includes only accessions to the library of this Society. Lists of 
accessions to the libraries of the A. I. E. E. and A. I. M. E. can be secured on 
request from Calvin W. Rice, Secretary of Am. Soc. M. E 


AMmericaN Ceramic Society. Transactions, vol. XVI, 1914. 
Columbus, 1914. Gift of Society. 


AMERICAN Socrety or AGricutturAL ENGINEERS.  Trans- 
actions, vol. 6, 7, 1912-13. Madison, 1912-13. Gift of 
Society. 


AMERICAN Socrety OF MECHANICAL ENGINEERS. Trans 
actions, vol. 35, 1913. New York. 1914. 


AssociaTION OF Harvarp Enoineers. Year Book, 1913. 
Gift of A. S. M. E. 


Business Meruops 1x Meunicipan Works. Philadelphia, 
1913. Gift of Department of Publie Works of Phila- 
delphia. 


CaRNeGie ENDOWMENT FOR INTERNATIONAL Peace. Year 
Book, 1913-14. Washington, 1914. Gift of Carnegie 
Endowment for International Peace. 


CarNEGIE FOUNDATION FOR THE ADVANCEMENT OF TEACHING. 
6th Annual Report of the President. New York, 1911. 


Gift of Carnegie Foundation for the Advancement of 
Teaching. 


LIBRARY AFFAIRS 


LILI 


CHEMISTRY OF COMBUSTION APPLIED TO THE ECONOMY OF 
Fort. E. W. Dimond. Worcester, 1867. Gift of Dr. 
Tolman. 


ELEMENTS OF ELecrriciry AND MaGnetismM. Wm. 
Franklin and Barry Maenutt. New York, Macmillan 
Co., 1913. Gitt of publishers. 


The book has been prepared for college use. An attempt has been 
made “to rationalize our experience of physical conditions and 
things. 


EXPERIMENTS IN THE PRESERVATIVE TREATMENT OF RED-OAK 
AND HLARD-MAPLE CROSS TIES. Francis M. Bond. U. 8S. 
Dept. of Agriculture, Forest Service, Bull. 126. Wash- 
maton, Gitt of F. M. Bond. 


INTERNATIONAL RAILWAY GENERAL FOREMEN’S ASSOCIATION. 
Proceedings. 10th Annual Convention, 1914. Gitt of 
Association. 


Maine. Stare Water Srorace Commission. 3d and 4th 
Annual Report, 1912, 1915. Waterville, 1913-1914. 
Gilt ol (ieo, Fowler. 


MANCHESTER STEAM Users’ ASSOCIATION FOR THE PREVEN- 
TION OF STEAM BoiLer EXpLosions. Memorandum by 
Chief Engineer, 1915. Manchester, 1914. Gift of Man- 
chester Steam Users’ Association. 


Master Borter Makers’ Association. Official Proceedings 
ot 7th, 8th Annual Convention, 1913, 1914. Gift of 
Geo. L. Fowler. 


MINNESOTA CONSERVATION AND AGRICULTURAL DEVELOPMENT 
Concress, Mareh 16-19, 1910. Address delivered at 
St. Paul, 1910. Gift of A. S. M. E. 


NATIONAL Pavinc Brick Manvracturers’ ASSOCIATION. 
Directions for laying Vitrified brick street pavements. 
No. 1 Specification. 19177. 

Specifications tor the construction of vitrified brick 
street pavements and vitrified brick highways. Gift of 
Association. 


New Jersey Boarp or Pustic Utitiry ComMMISSIONERS. 4th 
Annual Report, 1913. Union Hill, 1914. Gift of New 
Jersey Publie Utility Commissioners. 


New York State ENGINEER AND Surveyor. Supplement to 
the Annual Report. vol. II, 1913. Albany, 1914. 
Gift of State Engineer and Surveyor. 


NOUVELLES RECHERCHES SUR LA RESISTANCE DE L’AIR ET 
L’AviatTion. G, Eiffel. 2 vols. Paris, Dunod et Pinat, 
1914. Gnitt of author. (Review will appear in next 
issue of Journal.) 


Poor’s Manvat or Inpustriats, 1914. New York, 1974. 


PROPORTIONING AGGREGATES FOR PorRTLAND CEMENT Con- 
crete. Albert Mover. Gift of Vuleanite Portland 
Cement Co. 


Science Museum (Souru Kenstneton). Catalogue of the 
Mechanical Engineering Collection. Part I, and supple- 
ment. London, 1914. Gift of Science Museum. 


ScreNTIFIC MANAGEMENT. A collection of the more signifi- 
cant articles describing the Taylor system of manage- 
ment. Edited by Clarence Bertrand Thompson. Cam- 
bridge, Harvard University Press, 1914. Gift of author. 

This is the first of the series “ Harvard Business Studies,” issued 
by the Graduate School of Business Administration. Among the nu- 
merous articles reprinted are several from the Transactions of the 

Society. Over eight hundred pages of reprints are given, preceded 

by a paper on the literature of scientific management, and followed 

by a good bibliography of the subject. An extremely useful compila- 
tion. 


Some Tests TO DETERMINE THE EFrect vPpoON ABSORPTION 
AND PENETRATION OF Tar Creosote. F. 
M. Bond. Gift of author. 
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LIV SOCIETY 

SoutH Puiwaperpuia. The abolishment of grade crossings 
and the creation of opportunities for commercial and 
industrial development. Philadelphia, 1913. Gitt of 
Department of Public Works of Philadelphia. 


U. S. COMMISSIONER OF CORPORATIONS ON TRANSPORTATION 
BY WATER IN THE UNitTeD States. Report. Pts. 1-1V. 
Washington, 1909, 1910, 1913. Gift of U. S. Dept. of 
Commerce and Labor. 


Testinc or Castes. W. |. Middleton and C. L. 
Dawes. 1914. Gift of Simplex Wire & Cable Company. 


Wisconsin. Inpustrian Commission. Building Code. 
1914. Madison, 1914. Gift of Commission. 
EXCHANGES 
BrRookLyN Cius. Proceedings for 1913. Brook- 


lyn, 1914. 


INsTITUTION OF CIVIL ENGINEERS. 
vol. CXCV. London, 1914. 

—-— Charter, supplemental charters, by-laws and list of 
members. July, 1914. London, 1914, 


Minutes of Proceedings. 


Municipal ENGINEERS OF THE CITY OF 
ceedings, 1913. New York, (910. 


New York. Pro 


Pourpvue UNIVERSITY. 
ette, 19T2. 


Alumni Register, 1875-1911. Lafay- 
U. S. ComMissiONeR OF Annual Report, 1913. 
Washington, 1914, 

TRADE CATALOGUES 


Bairp MacuHine Co., Bridgeport, Conn. 
burnishing machine. 


Bull. 303. Ball 
Bryant Evectric Co., Bridgeport, Conn. 


Bryant silent call 
signal system for hospitals. 31 pp. 


Dvuranp Steet Locker Co., Chicago-New York. 
E. Steel racks, shelving, factory equipment. 
F. Steel lockers. 


Catalogue 
Catalogue 


GoLtpscuMipt THEerMiT Co., New York, N. Y. 


Reactions. 
Third quarter, 1914, no. 3. 


JOHNS-MANVILLE Co., Cleveland, O. 
man, September, 1914. 


LescHEN & Sons Rope Co., St. Louis, Mo. 
cules, September, 1914. 


The J-M roofing sales- 


Leschen’s Her- 


TimKEN ROLLER BEARING Co., Canton, O. 


Timken magazine, 
August, October, 1914. 


AND LIBRARY AFFAIRS 


UNbER-FEED STOKER Co. OF AMERICA, Chicago, /Il. 


Pub- 
heity Magazine, September, October, 1914. 


Watwortu Mra. Co., Boston, Mass. Model piping specifi- 
cations, September, 1914. 


UNITED ENGINEERING SOCIETY 


AMERICAN LipraRy ASSOCIATION. 
8, no. 5, of Bulletin.) 
Cutter. 


A Macyar MérnOKEs Epirész-Eaytet 1914. Budapest, 
1914. Gitt of the American Society of Hungarian 
Engineers. 


Handbook, 1914. 
Chicago, 1914. 


(vol. 
Gift of W. P. 


Motion PIctTuRE 
York, 1914. 


Trape Direcrory, August 
Gift of Frank Wenneis. 


1914. 


New 


NEw 


INTERNATIONAL vols. 3-6. 


New York, 1914, 


ENCYCLOPAEDIA. ed. 2. 


New ZEALAND PATENT OFFICE JOURNAL. 
1-8, 10-13, 15-25; vol. 3, nos. 1-4, 
1912-11. Gnitt of Patent Office. 


vol. 1; vol. 2, nos. 
6-14. Wellington, 


On. Paint anp DruG Green Book for Buyers, 
January 1914 edition. New York, 1914. Gift of Oil, 
Paint and Drug Reporter. 


PASSENGER Car VENTILATION 


VANIA RAILROAD COMPANY. 
1914. 


SYSTEM OF THE PENNSYL- 
Chas. B. Dudley. Altoona, 
Gift of Pennsylvania Railroad Company. 

Patents. Chas. L. Clarke. 


Reprinted trom “* General Elee- 
tric Review.” 


Gitt ot author. 
PupuisHers’ Trape Lisr 1914. New 


VIII. 


1914. 


York, 1914. 
1914-15. 


AMERICA. vol. Chicago, 


TRADE CATALOGUES 


Barttetrt & Snow Co.. Cleveland, O. Catalogue no. 29. 


Garbage disposal plants. 1909. Bulletin no. 40. 
Garbage disposal machinery. Zopp. 


Crown Cork & Seat Co.. Baltimore, Mad. 


The Crown cork 
system. 55 pp. 


GrISCOM-RUSSELL Co., New York, V. Y. Bulletin 703. Rub- 
bish utilization plant in the city of Pittsburgh, Ps 


704. Report of official tests of Sterling Destructor in- 
stalled at Halifax, N. S. The Sterling Destructor. 48 
Pp. 


HAMMOND ENGINEERING Co., Warren, Pa. Sewage disposal. 


THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


ABRIDGED LIST OF OFFICERS AND COMMITTEE CHAIRMEN! 


JaMes HartNess, President 
R. M. Dixon, Finance Committee 
H. R. House Committee 
Leonarp Watpo, Library Committee 
L. P. ALForD, Committee on Meetings 
THEO. Stepsins, Committee on Membership 
C. 1. Earuu, Publication Committee 
Frep J. Miter, Public Relations Committee 
R. H. Rice, Research Committee 


Jesse M. SmirH, Committee on Constitution and By-Laws 


1A complete list of the officers and committees of the Society will be found in 
the Year Book for 1914, and in the January and July 1914 issues of The 


Journal 


CaLvin W. Rice, Secretary 


LOCAL MEETINGS 
Atlanta: J. S. Coon 

Boston: R. E. Curtis 

Buffalo: David Bell 

Chicago: S. G. Neiler 
Cincinnati: J. B. Stanwood 
Los Angeles: Walter H. Adams 
Milwaukee: E. P. Worden 
Minnesota: Max Toltz 

New Haven: H. B. Sargent 
New York: R. V. Wright 
Philadelphia: H. E. Ehlers 
San Francisco: Robert Sibley 
St. Lows: F. E. Bausch 
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PERSONAL NOTES 


Henry W. Johnson has resigned his position as mechanical 
superintendent of the Bullard Machine Tool Company, 
Bridgeport, Conn., and has accepted a position with the 
Russell, Burdsall and Ward Bolt and Nut Company, Port 
Chester, N. Y. 


Frank A. Mickle has been appointed instructor of de- 
seriptive geometry and drawing at the University of Mich- 
igan, Ann Arbor, Mich. He was until recently in the employ 
of the Buckeye Steel Castings Company, Columbus, Ohio, 
as designer. 


Henry W. Abbott has become associated with the Ames 
Plow Company, South Framingham, Mass., in the eapacity of 
superintendent. He was formerly assistant to the master 
mechanic of the Pennsylvania Steel Company, Steelton, Pa. 


Thomas C. Kelly has resigned his position with the Tri- 
umph lee Machine Company, Cincinnati, Ohio, to engage in 
consulting engineering work in the same city. 


Clarence M. Davison, formerly assistant works manager of 
the Alberger Pump & Condenser Company, Newburgh, 
N. Y., has become chief engineer of the Best Manufacturing 
Company, Pittsburgh, Pa. 


A. H. Charles Dalley has resigned his position as Chicago 
Manager of the Stoker Department of the American En- 
gineering Company to accept a position as sales manager of 
the Flanner Water Tube Company. Mr. Dalley has opened 
his headquarters in the Marquette Building, Chieago. 


H. L. Seward who last year planned and developed a 
course for the Jumor classes in both mechanical and elec 
trical engineering at Sheflield Scientitie School, Yale Uni- 
versity in Mechanical Technology, had this year 106 stu- 
dents and 12 assistants in the course which began the first 
week in September and lasted until the opening of the Fall 
Term. Each student devoted 8 hours a day to the study of 
Manufacturing Methods and Power Plant operation in New 
Haven and vicinity which offers exceptional advantages for 
such instruction because of the many and diversified indus- 
tries represented there. Over 40 local firms have codperated 
with the Department of Mechanical Engineering. At the 
Mason Laboratory, The Brown and Sharpe Company of 
Providence, R. I., had in operation one of its latest 2-A Uni- 
versal Milling Machines. The expert who operated the ma- 
chine instructed all students in regard to its design, construe- 
tion and operation. Last year new machines were exhibited 
by the National Aeme Manufacturing Company, Cleveland, 
Ohio, and by the Windsor Machine Company, Windsor, 
Vermont. 


STUDENT BRANCHES 


ARMOUR INSTITUTE OF TECHNOLOGY 


The second regular meeting of the Armour Institute Stu- 
dent Branch was held on November 4. L. D. Kiley gave a talk 
on Patents and Patent Law. He explained the necessary 
requirements of a patent before it is patentable and showed 
some original patent papers which had been issued by the 
United States Government and foreign countries. He said 
that special stress is laid on the claims in the patent since 
the value of a patent lies entirely in its claims. Patent Law 
was dealt with very briefly because of the seope of the sub- 
ject. 

CARNEGIE INSTITUTE OF TECHNOLOGY 


The organization meeting of the Carnegie Institute of 
Technology Student Branch was held on October 7. The 
officers for the school year are: J. R. Cline, president; B. 
Schwartz, vice president; C. W. Gibbs, treasurer; J. Guter, 
secretary. Professor Trinks, head of the Mechanical En- 
gineering Department of the Institute, spoke on his recent 
trip to Europe which terminated when the war was declared. 


He had intended to make a study of smoke prevention and 
steel works engineering as taught abroad. He told of a very 
eflicient smoke prevention society with headquarters at Ham- 
burg. The operations of this society extend over a large part 
of Europe although its fees are only five dollars for mem- 
bership and five dollars for each furnace. This entitles a 
member to at least one thorough test and possibly two each 
year. In his study of the teaching of steel-works engineer- 
ing, he came into contact with many prominent engineers, 
among them Puppe, inventor of the improved mill for 
I-beams. Professor Trinks was impressed by the fact that 
uir-compressors in Europe were run at about four times the 
speed ordinarily used in the United States. The principle 
of forced lubrication was the chief factor in producing this 
result. 
CASE SCHOOL OF APPLIED SCIENCE 


At a meeting of the student branch of the Case School of 
Applied Science on November 12, the following committees 
were appointed: Program Committee; Prot. F. H. Vose, 
chairman, A. C. Kleckner and L. K. Baker: Social Commit- 
tee; C. P. Diemer, chairman, D. K. Swartwout and H. E. 
Wills; Publicity Committee; D. S. Stanion, chairman, and 
L. W. Hodous. 


COLUMBIA UNIVERSITY 


At a meeting of the Columbia University Student Branch 
on October 30, R. J. S. Pigott, Engineer of the Interborough 
Rapid Transit Company, gave a lecture on the Design Prob- 
lems of the 59th and 74th St. Power Plants, New York 
City. The problems as outlined by Mr. Pigott consisted in 
increasing the capacity of the present stations. In the case 
of the 59th St. Station, the problem was met by adding 
low pressure turbines to operate on the exhaust steam from 
the reciprocating engines. In the 74th St. Station, complete 
turbines were substituted for the reciprocating units. These 
changes resulted in the reduction of the cost of power and 
at the same time increasing the capacity of both plants. In 
order to accomplish these results, mechanical stokers of the 
underfed type were installed which permitted the operating 
of the boilers at 300 per cent rated capacity. 


LEHIGH UNIVERSITY 


At a meeting of the Lehigh University Student Branch on 
October 13, a paper was read by A. F. Glass, ’15, on Meas- 
urement of Large Volumes of Gases. His talk was supple- 
mented by illustrations. Mr. Madaga, a special student at 
the University, discussed tests made in the U. 8. Navy in this 
connection. 

The subject of the main talk was Modern Mechanical 
Engineering by A. A. Shimer, 99, Chief of Service and 
Maintenance Department of New Jersey Zine Company. 
No diseussion followed. 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


The Mechanical Engineering Society of Massachusetts 
Institute of Technology held its first meeting of the year 
Oct. 29. The meeting was a “get-together” smoker 
and the speaker of the evening was Mr. F. H. Fay 
of Boston, who gave an interesting talk on the Quequechan 
River Improvements which are being planned for the city 
of Fall River, Mass. His talk was illustrated by lantern 
slides, and by means of these the speaker was able to im- 
press upon the minds of all present the decidedly unsanitary 
conditions which exist in the heart of Fall River due to the 
discharge of sewage and mill-waste into the Quequechan. 
Prof. E. F. Miller also spoke on the importance to all me- 
chanical engineering students of joining the Society. 


OHIO STATE UNIVERSITY 


The Testing of Motor Vehicle Motors was the subject of 
a leeture given by Prof. F. R. Hutton before the Ohio State 
University Student Branch on October 16. Prof. Hutton’s 
talk consisted of the answers to the following questions: 
Why test a motor vehicle?’ By whom should it be tested? 
How should it be tested? Results of test. 

He pointed out the deficiencies of the road test as per- 
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formed by the manufacturers for advertising purposes, and 
declared that no two tests could be compared without con- 
sidering the differences in climate, roads, tire conditions, and 
the personality of the driver. He emphasized the fact that 
a road test could not be duplicated and explained in detail 
the apparatus and the methods used in testing automobiles 
at the testing laboratories of the Automobile Club of Amer- 
ica. In regard to the muffler, he showed that only 3 per cent 
more power was gained by the use of the cut-out and that 
about 200 per cent was deducted from the comfort of the 
neighborhood. The lecture was illustrated by numerous lan- 
tern slides. 

At the meeting on October 30, the following papers were 
presented: The Buckeye-mobile, P. McC. Shafer. This was 
illustrated by lantern slides; The Alloy Steels, F. M. Herbst; 
The Layout of the Finishing Department of the Steel Cast- 
ing Plant of the Gould Coupler Company, C. L. Brown. 


PENNSYLVANIA STATE COLLEGE 


The Pennsylvania State College Student Section of the A. 
S. M. E. held a meeting Oct. 29 in the Engineering Club 
Room, State College, with the following oflicers presiding: 
C. F. Kennedy, president; V. D. Longo, vice president; W. 
Blume, treasurer; D. E. Hewitt, secretary. Plans were be- 
gun for a mechanical engineering exhibit to be held at the 
College on Pennsylvania Day, November 13. 

The attendance at the meeting was 35. No technical pa- 
pers were delivered as the time was devoted to business. 

RENSSELAER POLYTECHNIC INSTITUTE 

The second meeting of the Rensselaer Polytechnie Insti- 
tute Student Branch was held on October 29. W. S. Powers 
gave an interesting talk on the Power Plant of the Rochester 
and Syracuse Railway, located in Lyons, N. Y. 

J. B. Lincoln spoke on the processes in the manufacture 
of woolen cloth. He showed many samples and illustrations 
showing the different stages of the process from the shear- 
ing of the sheep to the finished product. 

UNIVERSITY OF CINCINNATI 

The University of Cincinnati Student Branch of the 
American Society of Mechanical Engineers held its first 
meeting of the school year 1914-15 on Oct. 15. Prof. F. R. 
Hutton, Honorary Secretary of the American Society of Me- 
chanical Engineers and Advisory Engineer of the American 
Automobile Association, spoke on The Relation of the 
Mechanical Engineer to the Draftsman. He referred to 
the designing engineer, and showed how shop training of a 
cooperative engineering student would make him a better 
designer. He traced the growth of a machine from a visual- 
ization to the finished product, and showed that in each 
progressive step the credit and responsibility belonged to the 
engineer. Professor Hutton told how a draftsman could in- 
crease his value and better his position by conscientious work, 
and discussed in detail the liberties which an engineer and 
a draftsman might enjoy or expect in regard to the work he 
was doing for his employer. European customs were com- 
pared with those of this country, and examples cited. 


UNIVERSITY OF COLORADO 


A meeting of the University of Colorado Student Branch 
was held on November 12, at which Professor Hunter gave 
a talk on A Square Deal in Engineering. 


UNIVERSITY OF KANSAS 


The first regular meeting of the University of Kansas 
Student Branch was called to order by the honorary chair- 
man, Prof Sibley. Dean P. F. Walker was elected Honorary 
Chairman for the year. Other officers elected were: O. T. 
Potter, chairman; G. A. Rathert, vice chairman; Clyde 
Maris, recording secretary; S. E. Campbell, treasurer, and 
I, W. Clark, corresponding secretary. 

Dean and Mrs. Walker informally received those present 
after which Dean Walker gave a short talk on the American 
Society of Mechanical Engineers as to its purpose, member- 
ship, ete. 
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At a meeting held on October 15, J. E. Stillwell was 
elected to represent the mechanical engineers on the govern- 
ing board of the “ Kansas Engineer,” the engineering maga- 
zine of Kansas University. Program and membership com- 
mittees were appointed by O. T. Potter. 

A review of the Journal for the summer months was 
given by L. W. Clark. 

Prof. Sluss gave a talk on the use of engineering hand- 
books. 


UNIVERSITY OF MAINE 


At the meeting of the University of Maine Student Branch 
on November 6, the following officers were elected for the 
ensuing year: William L. Wark, president; Clifford A. 
Skillin, vice president; Harry A. Titcomb, secretary and 
treasurer; John A. Burke, executive committee. 

At the meeting on November 12, Prof. L. B. Chapman 
eave a talk on Hydroplanes. Professor Chapman described 
the displacement boat and the gradual change from these to 
the hydroplanes of the present day. The talk was illus- 
trated by lantern slides, which showed views of different 
hydroplane engines and of the boats themselves. A speed 
time chart which Professor Chapman himself had computed 
was shown, which gave the different speeds attained by 
hydroplanes up to the year 1913. 


UNIVERSITY OF MICHIGAN 


An open meeting of the University of Michigan Student 
Branch was held on October 7. The majority of the student 
members last year were seniors and an open meeting was 
held in order to arouse interest in the branch and revive the 
membership at least to its former number and increase it as 
much as possible. 

Mr. Mills, chairman, outlined the purpose of the branch 
and the benefits derived from the lectures and from the 
Journal. 

Mr. C. F. Hirshfeld, Chief of the Research Department of 
The Detroit Edison Lluminating Company, gave a talk on 
The Connors Creek Plant of The Detroit Edison Illuminat- 
ing Company. The plant, which is not yet completed, is 
expected to be one of the most economical in the country. 
Mr. Hirshfeld showed slides illustrating the construction of 
the plant and then showed some of the methods by means of 
which the great saving of heat is to be accomplished. 


UNIVERSITY OF MISSOURI 


A meeting of the University of Missouri Student Branch 
was held on October 22. Mr. J. W. Haney, assisted by Prof. 
i. A. Fessenden, read a paper on Heat Transmission in 
Boiler Tubes, which gave an account of a series of experi- 
ments conducted at the University of Missouri I ngineering 
Experiment Station by Mr. Haney and Professor Fessenden. 

At a meeting on November 12, J. C. Squirs gave a talk 
on the new method of Metal Plating and Earl E. Morgan 
told of some of his experiences in steam turbine work. 


UNIVERSITY OF NEBRASKA 


At a meeting on November 10, Professor Acendorfer, a 
graduate of Transvaal and Cornell Universities, gave a lee- 
ture on Diamond Mining in South Africa. Professor 
Adendorfer is a Boer and has spent most of his time in this 
mining district. He discussed the development of the in- 
dustry and methods of mining from the beginning up to the 
present time. 


WASHINGTON UNIVERSITY 


The following officers for the year 1914-15 were elected by 
the Washington University Student Branch: Prof. E. L. 
Ohle, honorary chairman; R. V. Henkel, chairman; W. 
Brotherton, vice chairman; E. C. Schisler, secretary; J. Sum- 
mersby, treasurer. 


WORCESTER POLYTECHNIC INSTITUTE 


At the November meeting of the Worcester Polytechnic 
Institute Student Branch of the American Society of Me- 
chanical Engineers, Mr. A. T. Marshall, W. P. I. ’89, me- 
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chanieal engineer for the Automatic Refrigerating Com- 
pany, Hartford, Conn., demonstrated their Automatie Re 
frigerating Machine, one of which was in operation on the 
laboratory table. After a brief deseription of cooling proc 
esses, the speaker invited the audience to inspect the machine 
and a ceneral conversation was held relative to its workings. 


EMPLOYMENT BULLETIN 


Note: In sending applications stamps should be 
enclosed for forwarding. 


The Secretary considers it a special obligation and pleasant duty to be the 


medium of securing positions for members, and is pleased to receive requests 
both for positions and for men. The published notices of ‘men available” are 
made up from members of the Society Notices are not repeated except upon 
8} ecjal request Names and records are kept on the fice list three months, 
and if desired must be renewed at the end of such period. Copy for the Bulletin 


must be in hand before the 12th of the month 
POSITIONS AVALLABL! 


1035 High grade practical machine designer, perience 
in machine shop, pattern shop and drawing room; must be 
a man who can make practical designs from a shop stand 
point that goods may be manufactured cheaply and be of 
such grade as to meet the best competition. Position perma 
nent for man of ability. Salary according to ability. Loca 
tion Missouri. 


1110 Man with expert knowledge in manufacture ot 
abrasives, emery wheels, emery cloths, ete., for position in 
Japan. 


1111 Hustling machine shop general foreman, experi 
enced on engine and pump work; must be a thorough me 
chanic, able to produce the maximum output of A-1 quality 
at lowest cost, and familiar with best and latest up-to-date 
machine shop practice. Give synopsis of experience and 
state age, experience, references, and compensation expected. 
Apply by application addressed care of Society 


1125 Draftsman or designers experienced in jig, fix 
tures and die work, especially those familiar with mannu- 
facture of small arms, or experience in sewing machines, 
typewriter work, ete. Location New York State. 


1126 Progressive mechanical engineer to take charge of 
the mechanical department of pulp and paper mill, inelud- 
ing a machine repair shop, also the steam and electrical 
equipment. Applicant must be graduate of well-known en 
gineering school, preferably Massachusetts Institute of Tech- 
nology. Prefer young man who has had a few years praec- 
tical experience, if possible in pulp and paper mills. Posi- 
tion offers good opportunity for advancement for the right 
man. Give references, age, experience, education and salary 
expected. Location Pennsylvania. 


1127 Electrical engineer for sole management of factory 
making economical electrie lamps. Position in Petrograd, 
Russia. State salary wanted. Possible time of departure. 


MEN AVAILABLE 


L-1200 Superintendent, experienced in steam engine and 
general power plant operation, wishes to connect with firm 
owning large producer gas engine plant which is causing 
trouble. 


L-1201 Member, technical graduate, with broad experi- 
ence in the design and supervision of factory or mill build- 
ings, power plants and machinery, purchasing materials and 
equipment, desires position as purchasing agent or sales en- 
gineer. Would consider position as works engineer or 
superintendent. 


L-1202. Technical graduate, 17 years experience in sales, 
engineering and manufacturing in pumping and power plant 
machinery. Especially well equipped for position of broad 
responsibility in moderate sized organization. 
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L-1203 Member, technical graduate, age 35, shop, design, 
sales and management experience, wide acquaintance with 
manufacturers in New England and the Middle Atlantic 
States, and having established offices in Connecticut and 
Pennsylvania, desires to act as manufacturers’ agent for re- 
sponsible companies. 


L-1204 Junior member, technical graduate, journeyman 
machinist with all around experience, desires position as 
assistant to exeeutive in manufacturing concern or with con- 
sulting engineers. 


L-1205 Member, designing and contracting engineer, 
practically and technically trained and having an established 
business acquaintance and practice, desires to add to line of 
affiliations as representative of first class manufacturers, 
preferably in the field of equipment for handling materials. 
Would prefer to cover northern Ohio territory. 


L-1206 Junior, age 28, desires position as assistant en- 
gineer or assistant superintendent with manufacturing con- 
cern, 


L-1207 Student member, University of Michigan 1914, 
M.E., desires position with manufacturing coneern or con 
sulting engineers. Will consider any offer with chanee for 
advancement. 


L-1208 Manufacturing superintendent or shop manager, 
years varied experience, rood organizer and executive, 
familiar with modern and economical manufacturing meth- 
ods including any system of wage payment, expert machin 
demonstrator and time study man, successful in the design 
ot special labor saving ma hinerv and applianees for inter- 
changeable manufacture, desires change about the first of the 
year. 


L-1209 Member, graduate engineer, seven years experi 
ence in design and supervision of installation of mechanical 
equipment of buildings, power plants and central heating 
systems; also five vears as efficiency engineer, desires posi 
tion with consulting engineer, architect or private firm. 


L-1210 Member, mechanical engineer and factory man- 
ager, six years in charge of drafting and designing tools and 
equipment for large electrie plant; past eight vears general 
manager of factory and consulting engineer developing sue- 
cessful registering machine and holding thirty-five patents 
on it, would like position with coneern as mechanical en 
gineer or factory manager. Would also consider charge of 
drafting room. 


L-1211 Mechanical engineer, Stevens graduate, age 30, 
married, six and one half years varied engineering experi- 
ence, at present holding respor sible executive position as 
plant engineer with small manufacturing eoneern, desires 
similar position or one as assistant to superintendent or 
manager with company offering good chance for advance 
ment. Specialty, pressed steel, both light and heavy. 


1.-1212 Member, sales engineer, age 27, five years experi- 
ence with power plant equipment, desires sales position. At 
present employed, 


L-1213 Associate member, technical graduate, one year 
teaching, four years in electric traction work including 
power stations economics, office routine, system and loco 
motive testing, three years testing and development work of 
large hydraulic control machinery, including testing of me- 
chanical, electrical and hydraulie apparatus, desires position 
on design or experimental work in a similar line. 


L-1214 Member, graduate engineer, ten years experience 
in responsible positions in design, construction and operation 
of portland cement and stone crushing plants, and especially 
valuable on enlargement and modernization of plants and 
operations, desires position. Limited knowledge of Spanish. 


L-1215 Superintendent, age 39, expert in puneh- press 
work and construction of dies for sheet metal stamping and 
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forming. Broad experience in designing tools and labor 
saving devices for increasing production in interchangeable 
manufacturing work. Has had complete charge of plant. 


L-1216 Associate-member of the A.S.M.E. and A.LE.E., 
college graduate, age 34, experienced as sales engineer and a 
specialist in efficiency selling methods, with experience in 
closing large electric power contracts and as sales manager 
for public utility companies, is open for position with com- 
pany desiring the services of a capable sales manager. 


L-1217 Junior member, Worcester Polytechnic Institute 
graduate, M.E., age 25, two years experience in mechanical 
and electrical engineering, consisting of experimental and 
construction work in steel company. 


L-1218 Technical graduate, mechanical engineer, age 31, 
unmarried, thorough experience in field of engineering which 
appertains to the multiple use of steam and vapors for boil- 
ing and heating. Broad experience in conducting experi- 
ments on a large scale, and in handling men. At present in 
position as designing, experimental, and erecting engineer 
for large corporation in the West. 


L-1219 Member, Cornell graduate, 14 vears experience as 
machinist, inspector, test engineer, draftsman, mechanical 
engineer, shop superintendent and salesman, with suecessful 
experience selling gas power and electric-machinery, steam 
specialties and gas producers, desires position as salesman or 
as sales department engineer. Location preferred, North- 
western or Western States. At present employed in western 
Canada. 


L-1220 Junior, graduate mechanical and electrical en- 
gineer, experience in mechanical department of railroad in 
machine shop, roundhouse and office work, desires a position 
along similar lines with good chance for advancement. South 
preferred. 


L-1221 Superintendent, tactful in handling men, with 
broad experience in modern machine shop, foundry and 
manufacturing practice, good designer of tools, appliances 
and methods for producing interchangeable work at low 
cost; familiar with time study and modern system of paying 
for labor, cost keeping, ete. 


L-1222 Associate-member, graduate of M.I.T., age 27, 
Associate, A.I.E.E., constructing experience at M.I.T., also 
experience as foreman, assistant master mechanic, and as- 
sistant superintendent; past two years with Thomas A. Edi- 
son; capable of whipping new work into routine shape and 
presenting results in form of final reports. 


L-1223 Member, 12 years practical experience, competent 
to organize; thoroughly familiar with all modern manu- 
facturing methods and systems, and reducing costs, desires 
position as factory superintendent or foreman. 


L-1224 Mechanical engineer, broad experience in design 
of factory and mill engineering, familiar with modern shop 
methods, purchasing of equipment, is open for engagement. 


L-1225 Member, graduate of M.I.T., Member A.1.E.E., 
thorough experience in power generation and applications, 
ten years experience testing, designing and engineering with 
large electrie company and public utility companies. Fa- 
miliar with German, French, and Spanish, also some literary 
experience. 


L-1226 Technical graduate M.E., three years practical 
experience in design, shop management, purchasing and 
sales work, also superintendent of company manufacturing 
high grade gasolene motors, would like similar position. 


L-1227 Member, M.I.T. graduate in mechanical engineer- 
ing with post-graduate course in electrical engineering, 
twenty years experience in design and construction of ma- 
chinery and building, manufacturing, systematizing, aecount- 
ing, refrigeration and as consulting engineer, desires perma- 
nent position with headquarters in New York. 
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L-1228 Member, 17 years experience, familiar with foun- 
dry and shop practice, sales engineering including corre- 
spondence and testing engineering, desires position in manu- 
facturing concern in executive capacity, either at factory or 
in charge of branch office. At present employed in responsi- 
ble position. . 


L-1229 Junior, graduate in mechanical engineering, age 
29, five and one half years experience including machine 
shop, designing, inspecting, estimating and executive posi- 
tions, desires to get into efficiency engineering work. 


L-1230 Member, publicity manager, fully experienced 
and capable of taking entire charge of advertising depart- 
ment, manufacturing or selling concern, now employed by 
well-known corporation, wishes broader field and opportu- 
nities. New York interview requested with reliable organiza- 
tion wanting tangible results. 


L-1231 Mechanical engineer with shop experience and 
11 years thorough experience in constructing, building and 
maintaining various lines of plants and machinery, desires 
position along similar lines. 


L-1232 Junior, technical graduate, 12 years practical 
experience in design, construction and maintenance of gas 
and gasolene engines, and sub-stations and power houses 
high voltage design and construction. At present employed. 


L-1233 Junior member, Associate, A.I.E.E., age 30, 
technical graduate, experienced in power plant design and 
construction, operating analyses, public utilities evaluations 
and reports, desires a position. Salary moderate. 


L-1234 Junior, Stevens graduate, age 30, capable execu- 
tive in new and re-construction and equipment of mills and 
factories; designer along electrical and steam power lines, 
structural and reinforeed conerete architecture, desires an 
engagement. 


L-1235 Member, mechanical engineer, successful execu- 
tive, who can organize and supervise an efficient organiza- 
tion, desires position as works manager, superintendent or 
assistant to chief engineer. 


L-1236 Member, graduate M.I.T. in mechanical engineer- 
ing, age 43, married. Four years instruetor mechanical en- 
gineering department, M.I.T., eight years experience in de- 
sign of power plants for public service and industrial uses, 
ineluding the purchase and installation of equipment; six 
years general manager steam boiler and plate iron works. 


L-1237 Member, graduate M.I.T., hydraulic and elee- 
trical engineer, age 44. Manufacturing, consulting and 
operating experience in this country and Germany; recently 
connected with some of the largest and typical hydraulic 
power plant installations. 


ACCESSIONS TO THE LIBRARY 


This tist includes only accessions to the library of this Society. 
Lists of accessions to the libraries of the A. I. E. BE. end A. I. M. E. 
can be secured on request from Calvin W. Rice, Secretary of Am. 
Soc. M. E. 


Arr-TaNK REGULATIONS, PRESCRIBED BY THE BoarRD OF 
Borter COMMONWEALTH OF MASSACHUSETTS. 
Boston, 1914. Gift of John A. Stevens. 


AMERICAN Society OF MECHANICAL ENGINEERS. Condensed 
catalogues of mechanical equipment. vol 4,1914. New 
York, 1914. Gift. 


BESSEMER, GORANSSON AND Musuet, E. F. Lange. A Con- 


tribution to technical history. Manchester, 1913. Gift 
of author. 


BraZInGc AND SoupertnG, H. F. Hobart. ed. 5. New York, 
19 12. 


Der BrOcKensau, M. Strukel. II Teil. Leipzig, 1913. 
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Coat Gas Restpuaus, F. H. Wagner. New York, MeGraw- 
Hill Book Co., 1914. Gift of Publisher. 

Just at the present time, the problem of the utilization of coal 
gas residuals is attracting great attention, and this book is therefor: 
a very timely one. The author, however, confines bimself to 
the manufacture of tar, naphthalene, cyanogen, ammonia and ben 
zol, which may be called the primary derivatives The work sum 
marizes European practice, some of which is litth: Known in this 
country. 
A Crepir Union Primer. An elementary treatise on co- 

operative banking, containing questions and answers 
concerning methods of organization and operation, 
necessary books and forms, suggested by-laws and the 
credit union law of New York, A. H. Ham and L. G. 
Robinson. New York, 1914. Gitt of Russell Sage 
Foundation. 


ENTWERFEN VON LEICHTEN BENZINMOTOREN 
VON LUPTPAHRZEUGMOTOREN, O. Winkler. 


I NSBESON DERE 
Berlin, 1914. 


Le Gaz, René Masse. 3 vols. Paris et Liége, 1914. 


HANpDBOOK FOR MACHINE DesIGNERS AND DrarrsMen, F. A. 
Halsey. New York, 1913. 


Heat Enoines, H. R. Allen 
New York, 19114. 


and J. A. Bursley. ed. 2. 


Die KupeLuNGEN per Wauzwerke, F. Peter. 
1914. 


Hlalle a. 


MANUAL OF MecuanicalL Drawing, J. H. Dales. 
University Press, 1914. 


Cambridge, 

Gift of G. P. Putnam’s Sons. 

A very carefully prepared manual for the beginner in mechanical! 

drawing Beginning with the elements of line. the student is finally 
led to the making of full detail drawings for an eight-inch lathe. 

First Annual 

Gift of Commission. 


SERVICE COMMISSION, 
Boston, 1914. 


MASSACHUSETTS 
Report. vols. 1-2. 


Ixstirute or Lxpustrian Researcn Scuoo. 
or Sreciric INpustaies. Industrial Fellowships, 1914. 
Pittsburgh, 1914. Gitt of University of Pittsburgh. 


Nava. ENGINes AND AUXILIARY MACHINERY. 
J. K. Barton and H. O. Stickney. ed. 3 with plates. 
2 vols. Annapolis, 1914. 


New Jersey Uriniry Commissioners. Abstracts of 
Reports made by publie utilities to the Board. 1912. 
Trrenton, 1914, Gift of Board of Public Utility Com- 
missioners. 


New York Sociery or ARCHITECTS. 


Year Book, July 1914. 
New York, 19114. 


Gift of Society. 
New York (Cry) 
port, 1913. 


DEPARTMENT OF BRIDGES. 
New York, 1913. 


Annual Re 
Gift of F. H. Kracke. 


York (State) CONSERVATION COMMISSION. 
Annual Report, 1912. Albany, 1913. 
tion Commission. 


New Second 


Gift of Conserva- 


Recuercues sur LA Resistance pe er 
L’AVIATION WiTH ATLAS, G. Eiffel. 2 vols. Paris, 1914. 
Gift of author. 


The author, who is an honorary member of the A. S. M. E.. de 
scribes in this book his new laboratory at Auteuil and the researches 
made there under conditions which permit him to keep up a work of 
experimentation which has been universally recognized as classical 
at the highest level of achievement 

The following are among the subjects treated in the present pub 
lication: graphical methods of treating problems connected with the 
design of planes and aeroplanes, which the author applies to the 
determination of equilibrium and stability of aeroplanes, moment of 
stability, volplaning, weight and useful power of an aeroplane, maxi 
mum of velocity for a given power, minimum power necessary to 
fly with a given weight. The author discusses further the problems 
concerning the center of gravity, vertical rudder, ete. 

Chapter 3 presents a very interesting experimental investigation 
of the behavior of round and curved bodies with respect to air 
resistance. and with particular regard to shapes applicable to dirigi 
ble construction, while the rest of the book covers matters of such 
primary importance for aeroplane designers wing resistance. 
mutual influence of superimposed planes, aeroplane construction. 
accessories, etc., dirigibles, pressure of air on dirigible hangars, and 
propellers (in connection with the latter attention is called to Note 
V, Concerning a Family of Propellers with Several Variable Parame 
ters). The work is mainly of an experimental nature, and as such 
cannot be abstracted for a review. But it will be no exaggeration to 
say that its appearance marks an important step in the development 
of the science of aircraft design. L, G 
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Pusiic Utrinities COMMISSION. 
mittee on Valuation. 1914. 


Report of Joint Com- 
Gift of L. B. Webster. 
Rudolf Seubert. 


AUS DER PRAXIS 


Berlin, 1914. 


peES TAYLOR-SYSTEMS, 


SCIENCE OF BuRNING Liquip FuEL, W. N. Best. 
1913. Gitt of author. 


New York, 


SKIZZEN UND TABELLEN User Hepezeuce, Georg Dreyer. 
Iimenau, 1908. Gitt of Hunt Memorial Fund. 


STEAM CHARTS, ALSO A TABLE OF THEORETICAL JET VOLOCITIES 
AND THE CORRECTIONS OF MERCURY COLUMNS WITH 
FIFTY ILLUSTRATIVE PROBLEMS, F. O. Ellenwood. J. 
Wiley & Sons, New York, 1914. Gift of Publishers. 

A useful little book. The introduction gives a review of the fun 


damental notions of thermodynamics, which is followed by chapters 
on the preparation and use of the steam charts and tables of veloci 


ties, and on atmospheric pressures and barometric corrections; then 
the charts and tables, followed in their turn by a number of prob 
lems with complete solutions serving as an illustration of the in 
structions as to the use of the tables and charts. The charts have 
been plotted mainly from the steam tables of Marks and Davis. At 
tention is called to the way the author handles the region of very 
low pressures, «. g.. in chart L. G. 


A Suacestep Exrension or THE Dewey DecimaL System 
Or CLASSIFICATION TO GAS ENGINEERING, D. S. Knauss. 
Written for the accounting section of the 9th annual 
meeting of the American Gas Institute, Oet. 1914. Gift 
of C. W. Rice. 


TASCHENBUCH FUR BAUINGENIEURE, Max Foerster. ed. 2. 
Berlin, 1914. 
TASCHENBUCH FUR DEN MascutInensau, H. Dubbel. Berlin, 


1914. 


TRCHNISCHE MecHANIK, Ed. Autenrieth, neu bearbeitet von 
Max Ensslin. ed. 2. Berlin, 1914. 


THEORIE DES Kretsets. Heft. 1—Die minematischen und 
kinetischen grundlagen der theorie, F. Klein und A. 
Sommerfeld. Leipzig, 1914. 


VORLESUNGEN UBER WASSERKRAPTMASCHINEN, E. Camerer. 


Leipzig, 1914. 


VORSTUDIEN zUR EINrFUHRUNG SELBSTTATIGEN SIGNAL- 
SYSTEMS AUF DER Hocu-uNp UNTERGRUND- 
BAHN, G. Kemmann. Berlin, 1974. 


DES 


UND BETRIEB IXRAFTANLAGEN. 


Friedrich Barth. Berlin, 1974. 


VON 


WestTerN Reserve UNIVERSITY. 
and other officers, 1913-14. 
University. 


Reports of the President 
Cleveland, 1914. Gift of 


RADIATORS AND HEAT TRANSMISSION, 
WITH SPECIAL REFERENCE TO 
PRESSED STEEL RADIATORS 


ARGUMENT FOR Sueet Metat RADIATION; EFFICIENCY AND 
RESISTANCE TO CORROSION, Herbert Orr. Metal Worker, 
vol. 74, pp. 192-193, 1910. From paper read before the 
National District Heating Association. Pressed steel 
and cast iron radiators are compared. 


Tre Revative Erricrency aNp Durasiuity or Cast Iron 
AND Pressep Street Rapiators, Ray D. Lillibridge. 
Heating and Ventilating Magazine, September 1908, pp. 
33-35. 


NEUERE HEIZKORPER. Gesundheits Ingenieur, February 10, 
1912, pp. 97-101. Gives results of tests made by Prof. 
K. Brabbée at the Kénigl. Techn. Hochschule, Berlin. 
Radiators of cast iron, wrought iron, sheet copper, 
glass and porcelain were tested; in all, about 70 radiators 
had been tested during the year. The coefficient of heat 
transmission is given for most of the materials. 
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CoEFFICIENTS OF Hear Transmission, John R. Allen. En- 
gineering Review (N. Y.), July 1911, pp. 46-48. Co- 
efficients of heat transmisison for east iron and wrought 
iron radiators. Paper read before the National Dis- 
trict Heating Association. 


Tests or Hor Warer Raptators, W. L. Strickler and E. F. 
Renken. Engineering Review (N. Y.), February 1909, 
pp. 41-43. 


THe Revative Errictency OF DIFFERENT 
Types or Raprators, Ray D. Lillibridge. Engineering 
Review (N. Y.), August 1908, pp. 40-41. Discusses 
especially pressed steel radiators. 


Sneer Rapiation, H. W. Nowell. American Society 
of Heating and Ventilating Engineers, vol. 11, July 
1905, pp. 249-250; diseussion, p. 250-253. 


Tests oF Hor Water Raprators. Metal Worker, vol. 71, 
pp. 44-46, 1909. An account of tests made at Iowa State 
College. Effect of maroon japan and aluminum bronze. 


Gas Heatep Sueet Metat Hor Water Raprator. Ameri- 
can Gas Light Journal, vol. 88, pp. 101-102, 1908. 


EINFLUSS VON HEIZKORPERVERKLEIDUNGEN AUF DIE WARMAB- 
GABE VON RaptaTorEN, K. Brabbée. Gesundheits In 
geneur, vol. 34, pp. 805-817, 1911. 


COEFFICIENTS OF TRANSMISSION IN Cast Tron RapraTors, 
John R. Allen. American Society of Heating and Ven- 
tilating Engineers, vol. 14, pp. 124-132; discussion, pp. 
132-143. 


Tue Errect or Parntina Rapratina Surraces, John R. 
Allen. American Society of Heating and Ventilating 
Engineers, vol. 15, pp. 229-234. 


Review Report on Raprators. American Society of Heat- 
ing and Ventilating Engineers, vol. 16, pp. 204-208, 
1910. A review of the papers that had appeared in 
the transactions of the society. 


Testinc or Steam Raptors, R. C. Carpenter. American 
Society of Heating and Ventilating Engineers, vol. 1, 
pp. 98-133; discussion, pp. 134-145, 1895. Steel tubes 
eompared with cast iron and wrought iron. 
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TYPES NOUVEAU D’APPAREILS DE RADIATION ; LEUR COEFFICIENT 
DE TRANSMISSION. Chauffage et Industries Sanitaires, 
vol. 5, pp. 101-102, 1912. (Not in this library.) 

INFLUENCE DES ENVELOPPES SUR LA QUANTITE DE CHALEUR 
DEGAGEE PAR LES RADIATEURS, F. Andrel. Revue Indus- 
trielle, vol. 43, pp. 24-25, 1912. 


COEFFICIENTS DE TRANSMISSION. Chauffage et Industries 
Sanitaires, vol. 4, pp. 181-182, 1911. (Not in this 
library.) 


A Srupy iy Heat Transmission, J. K. Clement and C, M. 
Garland. University of Illinois, Engineering Experi- 
ment Station, Bulletin no. 40, September 1909. The 
transmission of heat to water in tubes as affected by 
the velocity of the water. 

Heat Transmission, W. E. Dalby. Institution of Mechan- 
ical Engineers, 1909, pts. 3-4, pp. 921-986; diseussion, 
pp. 987-1071. This paper refers especially to the trans- 
mission of heat across boiler heating surfaces, but it 
contains a long bibliography on heat transmission. 

Law or THE TRANSMISSION OF HEAT BETWEEN A FLUID IN 
Morion AnD A Surrace. Science Abstracts, 
vol. 14, Sect. B, pp. 139, 180, 1911. Abstract of article 
by F. Leprinece Ringuet in Comptes Rendus (Academie 
des Sciences), vol. 152, pp. 436, 558, 1911. 

Heat Rapration, Harold P. Gurney. Journal of Industrial 
and Engineering Chemistry, vol. 3, pp. 807-812, 1911. 


BOOKS 

Horrman, JAMES D. Handbook for Heating and Ventilating 
Engineers. Lafayette, Ind. Copyright, 1910, pp. 82-84. 

Carpenter, R. C. Heating and Ventilating Buildings. Ed. 
5. New York, Wiley, 1910. 

GREENE, Artuur M. The Elements of Heating and Ven- 
tilating. New York, Wiley, 1913. Chapter 4—Radia- 
tors, valves and heat transmission. 

Snow, G. Principles of Heating. New York, 
David Williams Co., copyright, 1907. Chapter 6—Heat 
given off by direct radiators and coils (east iron). 

Box, THomas. A Practical Treatise on Heat. 
London-New York, Spon, 1885. 
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THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 


ABRIDGED LIST OF OFFICERS AND COMMITTEE CHAIRMEN! 


JaMes HartNess, President 
R. M. Dixon, Finance Committee 
H. R. House Committee 
Leonarp Wa.po, Library Committee 
L. P. ALForD, Committee on Meetings 
THEO. STEBBINS, Committee on Membership 
C. I. Earuu, Publication Committee 
Frep J. MILuer, Public Relations Committee 
R. H. Rice, Research Committee 


Jesse M. SmiruH, Committee on Constitution and By-Laws 


1A complete list of the officers and committees of the Society will be found in 
the Year Book for 1914, and in the January and July 1914 issues of The 


Journal 


Catvin W. Rice, Secretary 

LOCAL MEETINGS 
Atlanta: J. S. Coon 
Boston: R. E. Curtis 
Buffalo: David Bell 
Chicago: 8. G. Neiler 
Cineinnati: J. B. Stanwood 
Los Angeles: Walter H. Adams 
Milwaukee: L. Strothman 
Minnesota: Max Toltz 
New Haven: H. B. Sargent 
New York: R. V. Wright 
Philadelphia: H. E. Ehlers 
San Francisco: Robert Sibley 
St. Louis: F. E. Bauseh 
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